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Cupron: A Social Application

~ Dr. Sanjukta Mukhopadhyay
Associate Professor, Dept. of Chemistry,
J. KCollege

Cupron (Benzoina-Oxime) is used as a specific spot reagent in qualitative
analysis of inorganic compounds containing Copper, Molybdenum and
Tungsten ions. It is a white crystalline armatic compound (G4H130O:N)
soluble in alcohols. It has many other applications like detection of basicity
of sparingly soluble materials like AlOs;, BaC@®, separation of metal ions
from mixtures etc.

1 Broad background:

Drinking water free from chemical contamination is a human right as safe

water is very much important for public health. Contaminated water is

linked to transmission of various diseases. Inadequate management of

urban, industrial and agricultural wastewater causes health hazardsfo

millions of helpless common people every day. So, there must be an
AErEl OAAAT A OxAOAO OAOOET C EEOCS &I O A/
WHO, as the international authority of public health, always advises
governments of various countries about the developments of healthased
OAOCAOO AT A OACOI AOGETT1 08 3ETAA ¢mnmth
NOAI EOUG EO POIiT OEIT ¢ OEA EOAI Axi1 OE 1
closely with UNICEF and in 2015, developed WASH FIT (Water and
Sanitation for Health Facility Improvement Too) with an aim to guide small

primary health care facilities in low and middleincome settings through a
continuous cycle of improvements. However, in developing countries like

ours, one safe management of drinking water for common people is still
confusing!

In some areas, people are becoming endangered day by day.

Trials may be done to avoid toxicity. School students (even firgfeneration
learners) can be trained about this. An awareness programme with an easily



OOAAT A OOAOOET ¢ EUtDDmay $ageEhousands BfivMes. A AE
This should be the goal for chemistry students to be aware of such problems
in their locality.

Thousands of inorganic and organic materials are responsible for water
quality degradation. But in remote villages, only aeiw chemicals bother us.
High quality expensive heavy instruments may detect ions and compounds
correctly and measures can be taken from observations. However, such
things are practically hopeless for common unaware people.

9 Planning wide :

Here comes the us of spot reagents in chemical analysis. One drop of a spot
reagent is sometimes sufficient for detection. For every spot reagent there is
a proper detection limit for inorganic ions or radicals and organic
compounds. If this detection limit falls in the ange of the maximum
contamination limit as per WHO guidelines, then that reagent can be useful
for the judgement of drinking water quality. People can be aware about their
drinking water without knowing the structure and other academic details of
the used spot reagent. Also, there is no need of determination of exact
concentration of the species in question. In this article only an observation
Is shared.

Justone specific case

Copperis an essential nutrient of all living organisms. It is effective for
construction of red blood cells and Iron absorption. It helps to reduce the
risk of cardiovascular disease and osteoporosis.

However, longterm intake above the acceptable range of concentration of
copper ions damages gastrointestinal tract and causes other etabolic
disorders. Primarily, copper contamination occurs in drinking water due to
the corrosion of interior copper plumbing. This is more prominent (>
1mg/L) in standing or partially flushed water samples. In developed
countries, consumption of such weer from distribution systems containing
copper pipes or fittings can considerably increase total daily copper
exposure. High intake of some nuts, lobster, liver, even dark chocolate
containing considerable copper content may damage biological system. Also
during water treatment, copper concentration increases in systems with an
acidic pH or high carbonate waters with an alkaline pH. Conventional

8



treatment processes cannot remove copper. However copper contamination
is less in raw water.

Last updated standrd guideline value of copper concentration is 2.0 mg/L

by WHGQOdrinking water specifications, as published by Central Pollution

Control Board of India in their website.

#0pPOI 1T AAT AA OOGAA A0 A OAOOEI C 1 AOA
4 A OO E 1 thas & seasdidty linit (i.e., smallest detectable amount) of 0.1

x 106 gm or 0.1 x 13 mg. The concentration limit, the greatest dilution for
positive result is 1 part in 500000 parts of water.

A drop of water sample mixed with one drop oflilute ammonia in addition

to one drop of Cupron solution in alcohol results a green precipitation in
absence of interference. However, Rochelle salt may be used to avoid
interference if present. The colour intensity and amount of ppt are sufficient
for detection of copper ions in contaminated water. One can be sure about
the toxicity without knowing exact concentration.

Anybody with a little basic knowledge can compare the test result with the
results of supplied (with the kit) standard solution of copperconcentration
in de-ionized water above and below the toxic level.

For a nonchemistry person, the scheme may be,
1 drop of A + 1 drop of B + 1 drop of C
(water sample) (supplied NEDH)  (Cupron solution)

9 Conclusion:

So many inorganic and organic species are damaging our drinking water
everyday. Lots of available scientific minds may plan various schemes to
overcome and search techniques for removal of toxic ions without health
problems. Chemistry students should fay a vital role in that. Workshops
with school students in rural and slum areas will be very much effective for
a future with harmless water as much as possible.

1 References:

1. A Textbook of Macro and Semimicro Qualitative Inorganic Analysis
Book by Arthur I. Vogel, LONGMAN publication, Fourth Edition.
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2. Guidelines for Drinking z Water Quality: Fourth Edition Incorporating the First
Addendum
Geneva: World Health Organization; 2017
ISBN-13: 978-92-4-154995-0.
3. Central Pollution Control Board Website
cpchb.nic.in
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Web Developers of Our Nature

~ Adarsha Mukherjee
6th Semester, Dept. of Computer Science
J. K. College

When we talk about web developers, the first thing which appears in our
mind is the world of internet. But there are web developers in our nature
as well. Nature forms its creatures with great defensive skills for survival.
With these defensive skills thespiders hold the name of best web
developers of the nature.

Different types of spiders create different types of spider webs or spider
silks but the things which are common in all of them are that they create it
for their survival, including prey capturing and the engineering and
mathematics behind it.

A female spider of Nephila sp. ©Adarsha Mukherjee.

Most of the Spider webs are almost equally strong as steel. The tensile
strength (a unit of measuring force per unit area) of spider webs is just above

1 GPa whereas tensile strength of the steel is 0.2 GPa to nearly 2 GPa. These
webs also contain micronsized glue droplets made up with glycoprotein.
And this glycoprotein deforms like an elastic rubber band which takes major

11
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role in capturing the insects. Spiders also make perfect angles in their webs.
The Fibonacci sequence helps the webs to be strengthehand compact. i
mathematics, theFibonacci numbers, commonly denotedr,, form
asequence called theFibonacci sequence, such that each number is the
sum of the two preceding onesstarting from 0 and 1.

13x13

21x21

8x8

x5

Fibonacci Sequence Fibonacci Sequence in Spider Web

But a question arises. When big insects, even humans get caught by the
OPEAAO xAAOh OEAT xEU OPEAAOO AT 160 CcC/
webs?

Because these intelligent creatures put glue droplets only on some of their

strands of silk and they usually avoid these strands of silk when they move

around their webs. Also the physical structure of the spiders helps them to

do so. Spiders touch the webs with the tips of their feet, which are coated

with a non-stick coating and at theend of each foot, a special claw grips the

web and pulls it against springy hairs. After that these hairs push the web

strand away after the claw is released. These all prevent them from sticking

to their own webs.

Use of this kind of intelligence, enginaeng and mathematics is the cause

xEU OEAOA OPEAAOO VD Aevdiopdrsof Natdh€®d 8DE A A A (

9 References:
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Feathers and its Colours

~ Poulami Singh,
4th Semester, Dept. of Zoology,
J. K. College, Purulia

Feathers are the main structure of the outer covering and the flight surfaces
of all modern birds. No other living animals have them. Different types of
feathers are presentz some of them are specialized for flightsome for
insulation, somefor structure or contour, somefor sensation and so on.

The feathers come in an incredible diversity of formsLike hair in mammals,
feathers are a part of the integumentn birds. Itis composed of the protein
beta-keratin and made up of the same basic parts, arranged in a branching
structure. In the most complex feathers, th€alamus extends into a
central Rachis, which branches intoBarbs, and then into Barbules .

Interlocking
Detail

Structure of a typial feather

1 Types of Feathers:
Feathers occur in many different shapes, but they all are classified into many
different types of feathers. From the outside, we can only see the flight and
contour feathers. The different types of feathers ardiscussed below:
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1 Flight/Wing feathers:

They are found at two places on the
body of the birds, on the wings and the
tail. They are usually longer than other
feathers. In case of the wings, one side i
wider than the other. And the barbules -
are stronger for the strength of the o=
flight.

Calamus

M Contour feathers:

Contour feather is what we see from
| OOOEAAh OEA Al OA
and also provides its shapeThey are
found everywhere in their body except
the beak, legs, and feet. In contoul
feathers, the parts which we can see,

" Contour
are 0n|y coloured. Helmeted Guineafowl

Calamus

Rachis

Barbs

1 Down Feathers:

Down feathers are small, soft, fluffy,

and are found under the contour
feathers. They have a looser
branching structure, but have no

rachis. Down feathers are shorter and

closest to thebody where they can  pown
store the body heat.

Barbs

Calamus

1 Semiplume:

They are hidden under the other
feathers on the body. Semiplumes
always have a longer rachis than any
long barb.However, they do not have
well developed barbicels which make
them soft. They are found at the edges
of contour feather tracts. They are semipume
usually hidden from our view.

Calamus

Rachis

Barbs

15
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1 Filoplume:
They are tiny. These feathers are
found on the wings. Unlike other

feathers, which are attached to the . Rachis
muscle for movement and nerve g
endings. These feathers inform the cremes
brain for the placement of feather /

Filoplume R

for flight, insulation and preening.

9 Bristle:

Bristles are the simplest feathers.
Bristle feathers are found around

the eyes and the mouth of insect
eating birds. o

Domestic Chicken

M Tail Feathers:

Birds have six pairs of feathers on
the tail, arranged in a fan shape.

Uses of Feathers:

Obviously, we all know, birds use feathers to fly. But other than that, there
are so many uses of feathers.

|. During the period of cold, feathers insulate the body of the bird
from the outer temperature. If you see birds fluffing their feathers
in the cold, that is their way of adding extra air to trap body heat
and stay warmer.

[I. We think of bird sounds either as songs or callqyut birds create
sounds using their feathers also.

[ll. Many birds line their nests with bird feathers; it actually helps to
keep the eggs warm and constantly provides a soft padding
around it.

16



WRS: [T LT 20

IV. Some birds use their feathers to hide to catch predators. Owls, for
example, can easily blend in with bark as they push their bodies
Ob ACAET OO0 A OOAAGO 0OO0OOIl ESB8

V. Sometimes birds used their featherO Golours and patterns for
sendng signals to mates and rivals.

I Colours of Feathers:
There are more than 10,000 species of birds found in the world, and
we know all of which are of a different variety, colour, pattern.
There are two main reasons for their colourful bird feathers. Firdy, birds
use their colours to attract mates and intindate the competition. And
secondy, they use them to provide protection from the predators. You
may notice that,male birds display more perfectly shaded feathers
than females.
The colours in the feathers of a bird are formed by different ways:

a) Pigmentation:
Pigments are coloured particles that can be found in both animals and
plants. Pigments in birds come from three maincomponents viz.,
melanins, carotenoids and porphyrines. Another important thing is that
feathers without any pigmentation arethe weakest of all.

I. Melanins: Theblacks and browns come from the same pigmenf human
skin. For examplethe dark black of a crow or the brown stripes of an
owl. Depending on the location, melanins can produce calcs ranging
from the darkest black toreddish browns and pale yellows. Melanins

17
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not only provide the colour of the birds, but also provide strength to
the feathers.

Great Horned Owl

Carotenoids: The pigment carotenoid create most of the reds,
oranges, and yellows in birds. There arenore than 600 types of
carotenoidspresent. In Northern cardinals the colour red comes from
this pigment. Carotaoids are actually produced by plant bodies. From
consuming the plantitself or those insects which consume thelants,
it comes to birds. Theolive-green colair comes from the mixture of
carotenoids and melanins.

Northern Cardinal

Porphyrines: Porphyrines are the 3d
type of pigments. This pigments created
by amino acids. It produces the red,
brown, green and pink colar in birds.
For example, itis present in the Turacos
found in Africa.

Turaco

18



WS oy STedT 2029

b) Iridescence:

The term iridescence meansshowing luminous colairs that seem to
change when seen from different anglesThe best example for this is
Hummingbird. The iridescent
colours of the gorget (throat
feathers) are the result of the
refraction of incident light caused
by the microscopic structure of
the feather barbules. The
refraction here works like a prism, RoDULES 8
splits the lights into rich,
component  colars. Keratin
allows feathers to act like aprism. As the viewing angle changes, the
refracted light becomes visible in a glowing and shimmering iridescent
display.

N 9

VIEWING

Ribbon Tailed Astrapia

c) Non-iridescence: All colors of feathers are not iridescent in nature. Some
of them are noniridescent
too. Tiny thin air pockets
present in the barbs of
feathers can scatter
incoming light, resulting in
non-iridescent colour. BlUe  eram o

CORTEX

colours in feathers are . on
LAYER

aImOSt every tlme produced Keratin/Air Matrix
H - .. BLACK
in  this  non-iridescence VeAn
manner. The blues seen in

the feathers of Indigo Buntings, Mountain Bluebirds are structural
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colours. These feathers are blue because the exact same reason that the

sky is blue. The blue light which hs the smallest wavelength, is uatble to
go right through the air pockets. Spthe blue is refracted in every
direction and the remaining colairs are absorbedby a layer of melanin.

Indigo Bunting Blue Jays

The next time you look at a bird, you will be able to better understand
how its feathers protect it, make itgorgeous and make it possible for
the bird to fly.

1 References:
A https://academy.allaboutbirds.org/how -birds-make-colorful -feathers/
A https://academy.allaboutbirds.org/feathers -article/
A https://www.audubon.org/news/what -makes-bird -feathers-so-colorfully -
fabulous
A https:/kidwings.com/project/bird _-feathers/
A https://www.petcoach.co/article/bird _-feather-types-anatomy-growth -color-

and-molting/
A https://youtu.be/HobEqvZupp k
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SAADO (AOGA .1 OEET ¢ 2
A

~ Akash Kumar,
4th Semester, Dept. of Mathematics,

J. K. College

Almost every science studentknows the preliminary concept ofsets. Here |
am presenting a remarkable set which was invented by George Cantor
(1845-1918). This set is very surprising, it may seem to you that there is
nothing left in that set but there will be everything. Letwe take the interval
[0, 1]

0 H1

Now, divide [0, 1] into 3 subintervals and delete the open middle subinterval
(1/3, 2/3)

0}— W3 213 }— 1]

Now, divide each of the 2 resulting intervals above into 3 subintervals and
delete the open middle subintervals (1/9, 2/9)and (7/9, 8/9)

0}— 19 209 }— 13
23} A9 89— 11

We continue this procedure indefinitely. At each step, we delete the open
middle third subinterval of each interval obtained in the previous steps. For
visualization,

21
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And soon8
If this process is going on indefinitely, it may come in our mind that

1) Is there anything left?
2) Are there any other point left?

The answer is,1) yes, at least the endpoints of the deleted middle third
subintervals. There arecountably manysuch points

And 2) yes, in some sense, ahole lot more. But in some other sense, just
somedust z which in some ways is scatteredbut in some other ways it is
bound together.

To measure the dust, firstly, we have to learn some mathematical
representation of numkers.

9 Ternary representation of real numbers:

It is nothing but to express a real number in base 3, i,dike as binary
representation of real numbers, we have to express a real number using the
numbers{0, 1, 2} As for example:

pTo Em8pnnnn8 E m8mcgggs8
¢fo E m8¢mmnmnm$
XTw E m8c¢pnmnmmn8 E m8¢mcccs

Notice that, 1/3 & 7/9 has two expressions each. Fasimplicity , we choose
only that expressiook EE AE AT 1. Wenovie dbiididler all @al numbers
in [0, 1] as in the form of ternary.

Now if we collect all the remaining points in [0, 1] say,
A={x" A]x=0.GGG8 x E A©Cor 2%

Which is a sé of all sequences of 0 & 2, and the cardinality of the set of all
sequences froms to {0,2} is nothing but the cardinality of the power set of
the set of all natural numbers which is uncountable.

Hence is uncountable,i.e.,very large set!
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Now, notice one thingJength of [0, 1] = || (1z 0) || = 1, where || * || denotes
the length of an interval.

In each casewe omit 1/3 part of the subintervals. Sqif we collect all the
omitting portions, it will give us a very funny result,

p¥fo C ¢¥oo6 C ¢ofou C8

E pfo ¢ p C ¢X¥o=C3x3=Mod6 C c0OIXolOL C8Y
So,the resulting length =1z 1=0

Conduding that the measure of this set is 0.

ie, D4EEO OAO EO OAOU 1 AOCA OAO AO xAll
This set is known as 'Cator Ternary set'.

For this type of behavior, Cantor Set is a remarkable invention in the world
of Mathematics.

References:

1) Bartle & SherbertReal Analysis

2) S. K Mapa, Real Analysis

3) W. Rudin, Principle of Mathematical Analysis
4) T. M. Apostol, Rednalysis

5) S. K. Mapa, Modern Algebra
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Michelson-Morley experiment: How

the concept of@&theréchanged

X Soumen Mishra,

1st Semester, Dept. of Physics,

J. K. College

In the end of the nineteenth centuryphysicists started to think about the
velocity of light in different inertial frame of references.There were two
chances: one is that the velocity of light depends on the velocity of frame of
references and the other oe was that the velocity of light is independent of
the velocity of frame of referencesIn the year of 1865, when James Clerk
Maxwell proposed the Electromagnetic wave Theorpand calculated the
velocity of electromagnetic wave which was the same as tivelocity of light,

it was thought that there is a relation between light and electromagnetism.
In fact, lightis itself an electromagnetic wave. In the 19 century, it was seen
from experiments that sound waves need a medium to propagate. So, it was
thought that a medium is needed for the propagatiomf light wave alsa So,
something has to be there for the propagation of lightLight was known to
travel through outer space (which scientists believed was a vacuumill of
theseevidences made it clear thatlight could move through a region without
any air or other matter.

To get solution to this problem,many physicists then hypothesized that
there was a substance which filled the entire universe. They called this
substance the luminous ether or luminiferous aetherwhich was supposed
to be the absolute frame Scientists considered that ether was the matter that
filled the entire universe and the sun and the planets were thought to be
floating into the invisible ether. But there was a problem in ether concept.
By the point of mechanical view, ether had to be a fluid order to fill space,
but such a fluid that was millions otimes more rigid than stee| so that it can
support the high frequencies of light waves. It also had to be massless and
non-viscous, otherwise it would visibly affect the orbits of planets. It had to
be completely transparent, nondispersive,incompressible, and continuous
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at a very small scale. Sthere was a doubt about the mechanical properties
of luminiferous ether.

Michelson and Morley thought that one should be able to measure the
motion of the Earth through the ether. The ether was typically believed to be
unmoving and static but the Earth was movig. The earth was known to
move around the sun with a velocity of approximately 30 km/s.

The main objective of Michelson Morley experiment was to measure the
velocity of earth with respect to the absolute frame, i.e., ether frame.

This experiment was donausing aninterferometer, a sensitive optical device
that compares the optical path lengths for light moving in two mutually
perpendicular directions. Due to the difference in optical paths, there was a
fringe pattern noticed at a screen placed atdistance. After seeing the fringe
pattern, Michelson rotated the complete system by an angle of 90 degrees.
As a result, the optical path of the two rays will interchange, and another
fringe pattern will be seen. So, there should be a shift in the fringeattern.
Michelson was willing to calculate the shift in this fringe pattern. So that from
the mathematical calculations, he could calculate the velocity of earth in
ether frame.

The main design of the Michelson Interferometer was as shown below:

Fixed mirror M 2 Y

]
Extended

monochromatic vi
source

Beaimn spliler
(50% Refletance) L

Compensating

vable
~ Plate Mo

s (@)
Ay
e _

A/ i mirror M
> // B
//
Y / X
Semi ‘} «\/
reflecting -

laser Eye or
detector

Michelson Interferometer

Descript ion of the Michelson Interferometer:

It consists of anonochromatic light source, a beam splitter and two mirrors.
The basic principle involved in Michelson interferometer is interference
when one mirror remains fixed and the other is moved.
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The above figire shows the working of Michelson interferometer. A
monochromatic light from an extended source falls on a beam splitter,
placed at an angle of 45 degrees with the horizontalvhich splits the rays

into two equal rays of same intensity at right angles.

One of the tworays is transmitted to mirror M and other one is reflected
through beam splitter to mirror M. The rays are reflected back from both
the mirror M and M. reunited at the semireflecting surface. Then, it is
transmitted to the lens and then tothe eye or screen placed at a distance.
Mirror M is movable and mirror Mz is fixed. The ray reflected from M serves
as reference beam. Both the mirrors are at the same distance from beam
splitter, the observer will see a fringe pattern due to the interfeence
between the two waves. The complete system was floated on a pull of
mercury, Sq that the system can be rotated. When the system was rotated
with an angle of 90 degrees, the optical path of the light rays between the
beam splitter and the two mirrors interchanges and another fringe patten
was seen this time. Due to the change in optical paths, the fringe pattern
shifts. The motive of Michelson was to calculate the fringe shift during this
rotation, So, that he can calculate the velocity of earth withespect to the
absolute ether frame.The compensator plate is used in each of the path of
mirror M. so that exactly the same amount of glass is introduced in each of
the path.

T Y YN Y YN Yy Y Y Y YYYYYYYYY

, AO6O AT 1 OEAAO OEA AAOOE EO iVvBd&d ¢ OT :
the Galilean Transformational equationgNow we know that velocity of light
in all inertial frames are same, but then it was thought to be dependent on
the velocity of the frame).

The earth is rotating around the sun. So once in a revolution, the velocity o
light wrt ether and the velocity of earth wrt ether must be in same direction
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and the other time both velocities should be in the opposite direction. Both
the cases are considered below

In going from A to Bin the first figure,

WO Wk v, wherevis the velocity of light in earth frame.
or,vx&CczV

where, viais the velocity of lightgoing from A to B inearth frame
and cis the velocity of light

Time for light to go from A to Btia=L/ (C z V)

In returning to A from B, the speed of the light isyx =z ¢, wherethe negative
sign indicates the direction

WO Eczv=z(c+V)
Time for light to return to A from B, t2a=L/ (c +V)

Hence the btal time required for the light beam to go from A to B and then
to return is,

t1 =l1a+ 1o

or,t1=L[— —

or,t1=
In the second case the light ray is going from A tq &hd then returning.

VxO= Vi Z V, Where vy is the velocity ofo Bray in x-direction wrt ether frame.
or,0=wzv,wxd6 EO UAOT AAAAOOAax@EA OAI T AEOU
In the time the ray moves from Ayx = v, means it is equal to the velocity of

earth wrt the ether frame.

In the y-direction, w8= vy, wherevy and v0 e e |
is velocity of light (0 ®ray) in y-direction “
wrt ether frame and earth frame Lo W
respectively. |
i/ vx ;
Hence, we can say, adding up the previou Ail 2 A,
two eq UatlonS, Here A1, Az, As are the positions of beam splitter

when the light falls on the beam splitter, touches
the M2 mirror and returns to beam splitter

VX2 + Vy2 - V2 + Vy6 C respectively.
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or, =V2 +vG&

or, wo=WMw U

Thus, ime takenby light to reach from A to Gs,
toa=L/ Vid U

And time takenby light for returning to A from Cis,
taov=L/ M O

Hencet2 =tza + tap

or,t-=2L/ W 0

or,t2=2L/c p U fw

Hence Yt =t1 zta=—( —2 —)

When v/icL ph

=(p UVTo 1z(p U T -2

¥ 7
(1+wv2/c2) 7 (1 +Vv32c?)
=V2[2c?2

So ¥t Lv2/c3
Thus, thecorresponding path difference will be cYt = Lv2/c?2

Now if we rotate the systemby an angle of—,the two beamswill interchange
their time of traversals.

Hence the effective path difference will be2A V =
ARV o

And the resultant fringe shift will be, 2cYtF 1 2Lv2r 12

The experiment was carried out by Michelson and
Morley taking L=11mand} =600nm and considering
the velocity of earth wt the ether as 30km/s the

fringe shift they got is,2Lv2T 12 A 0.4 Fringe pattern obtained

from Michelson
Interferometer
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The design of the interferometer was such that it was able enough to
measure this shift. In spite of that no shift was detected.

This experiment was performed at various months of the year, but no fringe
shift was noticed at all.

As there is no shift in the fringe pattern, hence it implies that there was no

time difference before and after rotating the system. That means the velocity
of light in both cases are same, or independent of the velocity in the reference
frame.

As we could not calculate the velocity of earth with respect to the ether

frame, we can caclude thatthere was no ether or absolute frame at all. This

AT TAIT OOETT xAO OODPDPI OOAA /Jotthe%petidd OAET ¢
theory of relativity. The concept of ether was vanished after the null result

of the experiment.

Thus, the plan of the expeiment to calculate the velocity of earth with
respect to the absolute frame was failed. This failure is called the null result
of the Michelson Morley experiment.

e N AN = 7

This experiment measured the speed of light in the direction of eAOOE 6 O
motion and alsothe speedof light at right angleto the eA O Orfo&iod. Both
the speedswere found to be the same. This result discredited the ether
theory and ultimately led to the foundation of the O 3 B A hé&od/1of

- PN -z . P AN =

The 1907 Nobel Prize in Physics was awarded to Albert Abraham Michelson
for his optical precision instruments and the spectroscopic and metrological
investigations carried out with their aid.
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Black Nitrogen

~ Atasi Mahanti,
4th Semester, Dept. OF Chemistry
J.K. College.

Researchers at the University of Bayreuth have created a form of Nitrogen
OEAOBO 1 AOGAO AAERBREIORIAAA AGAH AABew i EOOI
substance bpN is crystalline, occurs in two dimensionakheets, and could

one day be useful in advanced electronics.

In modern periodic table, Mosley organized the
elements into a periodic table by atomic
number. Al AT AT AT 660 AOT i
total number of protons present in an atom.
Becausethe elements are arranged by atomic
number, elements with similar properties are
located in the same column. Those at the top
have the fewest protons and the lowest weight,
and each successive element in the group gains
protons and weight. In the periodic talke, there

Is one golden rule for carbonoxygen and other
lighter elements z wunder high pressure,
elements on the top of a column usually take on
different forms or structures similar to the
elements further down the group. These
different forms are known as allotropes. As for
example, graphite and diamonds are both
allotropes of carbon. Down the group, silica crystallises in the same pattern
as diamond and silicene is a 2D system with a hexagonal honeycomb
structure similar to that of graphene.

But we know nitrogen has only one allotropez dinitrogen (which exists as

CAO AO oOilTi OAI pAOAO-Oakorn thah restrbe Ol 6 O
heavier elements in the group 15. This was always considered a bit weird,

but the new study at the University of BayreuttOET x O OEAO T EOOIT C

exception to the golden rule, as has long been believed.
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We know N exists as a gas at room temperature and if we cool it down, it
forms a liquid. So, chemists everywhere are only familiar to gas and liquid
forms of nitrogen. Fhosphorus, on the other hand, which is in the same group
of the periodic table immediately underneath nitrogen has three different
forms or allotropes z white phosphorus (which is very reactive), red
phosphorus and black phosphorus. Now, the black phosphas has an
orthorhombic pleated honeycomb structure and it is thermodynamically
most stable allotrope of phosphorus at room temperature and pressuresa
result of its lattice of interlinked six membered rings where each atom is
bonded to three other atoms Though in theory, Nitrogen could form this
structure but nobody has ever before seen Nitrogen with this structure.
Usually, the reason is that Blhas the strongest possible bond between two
atoms, a secalled triple bond and any other form of nitrogen wald
decompose to form gas with a huge release of energy.

It took truly extreme conditions to produce bpN or black nitrogen. The
Al Il POAOOEI T DPOAOOOOA xAO p8t ITEITEIT
atmosphere and the temperature was a bit over to 4000 dgees Celsius.

Under the leadership of Dr. Dominique Laniethe researchers at University
of Bayreuth have built a veryspecial piece of apparatushat will generate
really high pressure The apparatus consists
of two pieces of diamonds which are
tapered so they go to a very narrow point
and the end of the point is flattened. When
you press the flat ends of the diamonds, you
amplify the pressure so that you can
generate really high pressure between the
tips. In there, they put a very thin sheet of
the metal rhenium and drilled a tiny hole
(40 microns) to do the experiment.A very
intense laser beamis shone through the
diamonds onto the sample The laser beam delivers a lot of energy very
quickly and heat up the ends too before they have melted thehole of the
apparatus. And when they heat it upthe nitrogen bonds get broken giving
out a lot of light. When the bonds are broken, they can reform in a different
way. But what happens is that at a pressure of about 1.2 million
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atmospheres, the nitrogenbecomesactually black and the exciting thing is
that when they heat it up at 1.4 million atmospheres, it suddenly goes
transparent.

9 Now the question is how did they find out how are the
nitrogen atoms are arranged?

They had two different ways of doing it. The first way is that they have taken
their apparatus to a synchrotron, a very large piece of equipment and
electron accelerator which produces very intense pulses of-pays. When
they shone the Xrays on the crystd of the transparent stuff, the Xrays are
diffracted to a series of spotsand from the pattern of these spots, they
computed what the structure of the transparent nitrogen was, that diffracted
the X-rays. Further studied by Raman spectroscopy and densifunctional
theory calculations, they came to the conclusion that the structure of the
transparent Nitrogen that they have formed was exactly the same as the
structure of the black phosphorus. That is why they called the materidip-N
(where bp is for blackphosphorus and N is for nitrogen).
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And the most interesting thing is that this bpN or black nitrogen is actually
transparent AT A OEA OT 1 EA 1T EOOIT CAT £EOI i
phosphorus, the bonds between each phosphorus atom are at tlsame
length but in the nitrogen form, some of the nitrogen atoms are closer
together than the other one. This means the electrain the black nitrogen
are arranged in a different way from the electrons in black phosphorus.
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This structure of bp-N is commsed of two-dimensional layersin which
nitrogen atoms are crosslinked in a uniform zigzag pattern. In terms of their
conductive properties, these 2D layers are similar to graphene, which shows
great promise as a material for highech applications. Howewer, black
nitrogen can only exist at the exceptional pressure and temperature
conditions under which it is produced in the laboratory. Under normal
conditions, it dissolves immediately. Because of this instability, industrial
applications are currently not feasible. Neverthelesshitrogen remains a
highly interesting element in material research.

9 References:
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Phase Transition: A Brief Discussion

x Kabyik, Nandy
4th Semester, Dept. of Physics
J.K. College

Some phases of matter are familiato us from everyday experience: solids,
liquids and gases. SolidH2O (ice) melting into liquid H2O (water) is an
example of a phase transition. You may have heard somewhere that there
are 4 phases of matter: sotl, liquid, gas and plasmaBut actually, there are
thousands of phases. For example, ferromagnetic is a phase, like a
permanent iron magnet. When we heat such a magnet to high enough
temperature, it undergoes a phase transition and stops being magnetic.
Conductors, insulators, and semiconductors are also phases of matter.
Solids generally have lots of phases, determined by crystal structure or
topological properties. For example, diamond and graphite are two phases
of carbon with different lattice structure.

But here we are going to assuméor
simplicity that a substance can exist in
solid, liquid and gas phases and plof
the phase diagram.

Now here we have a curve that
separates the solid phase from the
liquid phase. This is a generalised
diagram and basically itsays that on
the left side of the curve at that
pressure and temperature (in the blue
region), is the solid phase and on the
right side at that pressure and

Pressure

temperature (purple region), is the
liquid phase.

Temperature

This line does not go down forever, at a certaistate it typically joins another
curve that separates the liquid phase from the gas or vapour phase (yellow
region). Then there is a third line here, which separates the solid phase from
the gas phase.
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The curve that separates solid phase and liquid phage called the solid

liquid coexistence curve because on that curve at that pressure and
temperature, solid and liquid phases coexist. It is also called melting curve

as the curve can tell us for a given pressure what is the melting point of that
specific substance. We can see here that the melting curve has a positive
slope i.e, with increasing pressure melting point also increases. Is there any
AAAPOET 1 e 7A0A0 EO Al AgAADPOEI T8 ) O
7EOE ET AOAAOET C gpotkieredsesiBedaudd adthid we ar® E 1
able to make snowballsin principle this curve goes on forever, but actually

it does not do because what happens is as we increase the pressure there
would be other phase transitions like less densely packed cryatto a more
densely packed crystal and ultimately at very high pressures things would
become extremely densely packed.

Qu

The curve that separates liquid phase from gas phase is called the liquid gas
coexistence curve because like before on that curve at thpressure and
temperature, liquid and gas phases coexist. And it is called boiling curve
becausewe canfind the boiling point of that substance for a given pressure
from the curve. This curve does not keep going. It abruptly ends in the middle
of nowhere and beyondthat point, which is called the critical point We do
not have a distinction between liquid and gas. We have a homogenous fluid
phase.

The curve separating the solid and the gas phase is the solid gas coexistence
curve. It is possible. If the émperature and the pressure is low enough, this

Is what would happen. It is called the sublimation curve. You might have read
in the newspapers that part of the worry about the ice melting is not that it
only melts, but it also sublimates. Quite a lot of will be going off as vapour
directly. So, just measuring how much the water level is rising is not enough
to tell you how much of the ice is really going.

The point at the intersection of these three curves is called the triple point
where we have coexitence of three phases. At that specific condition, all the
three phases: solid, liquid and gas coexist.

Now let us come back to the boiling curve. What is it that distinguishes
between a liquid and a gas? What do we need to go from point A to point B?
Suppose we start at point A, cross the curve at constant pressure along this
path to point B. So, at point A we have liquidnd at point B we have gas. What
have we done? We have taken a beaker of liquid and heated it keeping the
pressure constant and let it @ in the gas phase. We supplied latent heat. So,
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in the process a certain amount of heat is necessary to take us from point A
to point B across the boiling curve. The transition is discontinuous in a
certain sense, because the density of the system changkscontinuously, it
Is like jumping from liquid phase to the gas phase. And as we go up along the
boiling curve the amount of latent heat needed to dthis transition becomes
less and less; till the latent heat vanishes
Sy (1b) at the critical point and beyond hat there
p(=1/Y) Is no distinction. What else distinguishes
a liquid from a gas? So, certainly there is

liquid . .
the surface tension; that too vanishes at
critical point. The surface tension
gas - decreases as we move up along the curve

T Temperature till at the critical point the surface tension

vanishes, the meniscus disappears and
the phase above that is just a homogeneous fluid phadeéverything that
distinguishes a gas from a liquid disappears at the critical point. Even the
density starts matching. That difference in density goes on vahing till the
critical point and then the difference disappears. The discontinuous phase
transition becomes continuowts phase transition, because thealensity no
longer jumps, but still the critical point is limiting point of the phase
transition.

Now to understand more thoroughly let us look at the PV diagram. At very
high temperatures compared to critical temperature (T >> Tc), we get
roughly hyperbolic curves more like ideal gases. But as we come to lower
temperatures, we should really look at some eaation of state, which is going
to give us some cognizance of the fact that these particles attract each other.

Typically, we look at the Van der WA A |
equation of state. The equation looks like this

0 — 67 A=RT for onemole. This is a »

Pressure

(1a)

cubic equation in V. So, if we keep T constar
and by plotting P vs.V, we will get a graph like
this (T < To).

In fact, the slope in the left can be three or four
orders of magnitude greater than the slope in :
the right and why is that becausehis equation e T
really describes two phases. It requires the

liquid phase as well as the gas phase and that
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slope there is directly related to the compressibility. This slope in the left is
extremely steep, because this guy is highly incompressible on thther hand
if it is flat, which means it is very compressible.

Now, how would a curve like this (T< T¢) go into a curve like that (T>>Tc¢)?
Well, it could happen by the minimum and the maximum coming together
and then disappearing. So, what would we gewhen a minimum and a
maximum come together? This maximum goes dowand that minimum
goes up and at some stage we have an inflection point.

But this cannot be fully correct. The reason is that, if we connect all the
pregsure p minima together and all the maxima togetlr
like this, the part of the isotherms between the
maxima and the minima has a positive slope. It
says that if we increase the pressure, volume
will increase and if we increase the volume the
pressure will increase. But this means that the
compressibility is negative which is not
volume V physically possible. So, this part of the curve

cannot be right.

liquid

So, we delete this. We say this is unstable, something else happens here all
together. We start in the gas phase; we increase the pressure on the system.
So, the wlume decreases upo point Gi. Then pressure p

it would have started going down, but that is
not possible. So, it jumps from Gto point L1 o
and after that it is now become a liquid, so we
have to increase the pressure a lot more ir
order to make a small decrease ithe volume.

But if we reverse the procedure and start in the
liquid phase and slowly decrease the pressure
on it keeping the temperature constant it
starts expanding very slowly till it comes to
this point L; and jumps to G and thenbecomes a gas.

\k

volume V

So, in the forward cycle and the reverse cyclen this expansion and
contraction, the phase transition is occurring at different values of pressure.
What do we call this phenomenon? It is called hysteresis. This is hysteresis
which happensin magnets, but now we see this is going to happen according
to this even in a liquid gas system. But experimentally we know it never
happens so, this too is wrong in this model. Therefore, just deleting the
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region between the maxima and minima is not enggh. No, hysteresis
happens in this phase transition. If it did our refrigerators will not work.

~ pressure p What happens instead is the following.
} During increasing the pressure from the
gas phase, instead of going all the way up
to G, it decides to condense in leveen
the minimum and the maximum at some
very specific point (let us call it G) and
jumps to point L.. In the reverse cycle
during decreasing the pressure from the
liquid phase it jumps exactly from L2 to
& and follow the same curve. That is

what is obsrved and at higher
temperatures also a similar thing isnoticed.

So, if we plot that correctly the envelope becomes like thisnd the isotherms
at lower temperatures will look like this.

pressure p
A

liquid

gas
Liquid
region

Pressure, P

jo===—

volume V

o

Volume, vV

(®)

Now you can ask what happens if we took the system atpaint way above
the critical point C and just drop the temperature instantaneously. So, that it
fell into the enveloped region. What will happen? Well, instantaneously
phase separation occurs. A portion of it becomes liquid and a portion of it
becomes thevapour above so and they will be in thermal equilibrium to each
other. How much will be liquid? How much will be gas? can be computed.
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The region under the envelope between the — PeSUeP
minimum and the maximum is called the
unstable region and the region left unde the
envelope is called the metastable region. Anc
the horizontal lines are called tie lines.

liquid

Metastabls
region e\

N

volume V

Reference:
Phase Diagramg Understanding the Basics: F.C Campbell
Atkins' Physical Chemistry: James Keeler, Julio de Paula, and Peter Atkins

Fundamentals d Statistical and Thermal Physics: Frederick Reif
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WI O BesiDesigners

~ Rajlaxmi Chatterjee
2nd Semester, Dept. of Zoology
J.K. College

8.7 billion species inhabitthe planet Earth with the same mottoz @ live
betterd Yet, ®me of the organisms ae thriving in quite an aggressive
environment: at the corners of the planet, in darker depths of the sea and
some in the extreme deserts.

We area young specieswho havecreated a turning point in the history of

life and landscape with our creative aspiration. Todaywe are almost

prepared to travel to Mars.But back then,even flying was only limited to

fictionAT A TTA AT OI A T1T1U AgGdnartodaVECIWe®OEAET C
may be the first to have attempted to sketclseveral approacheson flying by

©bserving birdsd Some approaches were brilliant and some were bravsot
toignorethefactOEAO EA T T AA AOOAAEAA xET CO 11
off from Mt. Ceceri and broke a legeventually, the Wright brothers flew the

x] Ol ABO EAEOOO AEODI AT A8

FLIGHT OF BIRD LEONARDO DA Vlﬂ's FLYING MACHINE

PR i
e

AEROPLANE TODAY WRIGHT BROTHER'S FIRST PROTOTYPE
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31Th xA OAAI EUAA OEAO OEA ODPiI OOEAEI EOE
inspiration derived from nature in the past.

Throughout the years, humans have learnto pay attention to nature and

observe.

In parables, avls are often associated with wisdom and quietude. But the
fact is true that owlshave quieter flight than other birds, considering which,
today owl-features serve as a modefor designing quieter aircrafts for
defense and commerce.

Through the timeline of innovation,whales, woodpeckers, sharks, etc. have
all nourished curious minds to solve real world problems.

106 0 OEA OOOOMBOIORAA OiI6A
where the idea of developing a shock absorbing
football helmet was drawn. A woodpecker

AT AOT 60 1T AAA A haimhkerindad
25 pecks/sec on a tree trunkthat would easily

lead the species towards extinction Thanks to

the Gyoid apparatusdof woodpecker that helps
reduce impact to the brain.

So, models of nature have always been stimulus to creativity.

30AE ET OAOAOOET ¢ OAIl A nemgiiceih@dnd design AO OO/
AOA AT 1 PEI AA ET bodkAwhsfilst coinkd thé® etnd
@iomimicry 8 and ®ioinspiration & for this approach in 1997. One can

O1T AAROOOAT A AU @EAS xi1 AAT EOQOAIL EdeA O AT A
imitation.

Janine Benyusa biologist, innovation consultant and an American natural

science writer, saidOOEAOA A OA O AddearniAgiabddt natkeOET A O
AOGO 11T 0 I OAE AAT OO0 1 AAOTEIC EOTIiI 1TAOOC
Biomimicry is a new way of taking ideas from nature and applying them into

different disciplines of development.

$AOEA / AEAuh A AAOGECT AOh CAORI @ Al G
require to have a biology background! Once you develop an eye, you will see
inspiration everywhere 6
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If we look around, we have already taken instrctions from nature to design
products like swimsuit (from shark skin), Velcro (from seeds with hooks that
sticks to animal fur), LED bulbs (from fireflies), bullet train (from
kingfishers) etc.A thirsty Namib desert beetle drinking water collected from
fog droplets around its body surface area have inspired engineers to create
fog collector using fog mesh for collecting water in desert. Indeege are
more drawn towards nature by its aesthetics or beautyhan its functionality .
American painter Barnett sad, Q\esthetics is to artists what ornithology is for
birdso 8

ﬂ What could be a better example of natural aesthetics than a
DAAAT AESGO Ai 11T 00&O0I EAAOEAOe
ADAAAT AE 6 O -greénkeqiie ard nofdshthe outcome of pigments
alone butalsolayers of structure that reflect specific wavelengths of light. In
similar ways, the wings of butterflieshave membranes with tiny scales that
reflect light, resulting in iridescence. This secalled Gtructural colouration
can be a better alternative for paints Also,it has potential for application in
biomimetic tissues and adaptive camouflage’ OO O AAUS Oo OAAEI
make it come true are time-consuming and costly.

In 1866, a Swiss engineer called Karl Cullman realised th#te internal
structure of femur made the human thigh bonerery strong, and he copied
the design to invent a crane. The worldamous Gustave Eiffel used the same
design in 1887 to inspire the strong crisscross metalwork of the Eiffel Tower
in Paris.

Even befoe the Eiffel tower was made,Renaissance architect Filippo
Brunelleschi studied eggshells for designing lighter domes for his cathedral
in Florence back in 1436.

Today when he world has alreadyprioritized sustainability , homimicry -
researchers arguethat it is the most influential and guaranteed source of
inspiration for the designers pursuing ecefriendly solutions. The jagged
scales of Firefliesare mimickedinto LED bulbs to enhance glow andavea
good amount of energy. Bullet trains have successfullgliminated noise
pollution while passing through tunnelsby mimicking the aerodynamics of
EET C/&AE OE5AGDictare thak Apfashes minimum water and makes
minimum noise while catching its dinner.The well-designed flippers of the

42



W©: I%IEI YT 0D

Humpback whales can a&o be a good example. It has inspired the design of
high efficiency wind turbines, contributing further in the success of
renewable energy sources and in théncreased possibility of a sustainable
future.

But still, we are at the early stage of desigprocessing and using bie
inspired toolkits. A lot of technological and economic challenges are holding
us back from living in an energyefficient and toxin-free environment
inspired by biomimicking technology.

Our planethas sustained life for 3 billion yearsAs | mentioned earlier,8.7
billion speciesare discovered, suggestingheir own best ways to get things
done as ifby nature, they know what works and what lasts.

9 References:

http://www.biomimicry.org
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Mind Twitching Facts of Quantum
Theory

~ Aman Kumbhakar
4th Semester, Deptf Physics
J.K. College

O) &£ EO EO Al OOAAOh EO OECI EZEAO O
Z Albert Einstein
1 Quantization:

First of all, we have to know what a quantized system and @ntinuous

system is. If a system can be divided into some small indivisible units, then
OEAO OUOOAT EO AAI 1 AA O10AT OEUAA 3UO0¢
OUOOAI AAT AA AEOEAAA EIT ZE1T EOA OEI AOh
3UOOAT 8 ampleQs charge AdBcrete system or a continuous system?

If we know just the high school level science, then we will immediately say
OEAO AEAOCA EO NOAT OEUAAR AAAAOOA xA |
(1.6x1019C). But whenever we experiment vith charges or currents, we will

always prefer to choose the system as continuous, because the amount of an
electronic charge is very low for us. It seems to be continuous. This is the

first contradiction between classical world and quantum world. Now what

if | say distance is also quantized? Distance is also quantized and the

i ETEI O OAI OA T £ AEOOAT AA(-ED&mMINQCEIT U
only the distance but quantum theory tells us that every dynamical variable

(a physical quantity whose valueor direction changes with time e.g.,
distance, momentum, energy etc.) is quantized. Historically, first quantized
theory of any dynamical variable was given by German physicist Max Planck

in 1900 by analysing the radiation of a black body. He told us thtte energy

I £/ A PET OIT EO NOAT OEUAA AT A OEA 1T EITE
0ol ATAEGO #1 1 O0OAT Oh 2z E AOANOAT AU 1T £ 1
value of any dynamical variable is the building block of our universe, but we

AAT 60 OAfkeltheamdAi 11 O
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1 Wave-Particle Duality:

One of the most fundamental truth of the nature is thatvave andparticle are
two sides of a same object, just like @in has two sidesheads andtail. This
phenomenon was first observed as photo-electric effect, which was
explainedby Albert Einstein in 1905. Few years later, Frencphysicist Louis
De Broglie proposed that not

_ Wave - particle Duality
only light but each and every

material particle shows wave Waves —3 could behave as
particle dual nature. This gave perticies(Plotons ofilight]
e —— @

the correct explanation of
"TEOBO %l AAOO| Simisty.
Hydrogen like atom. Later thiS  y. ier/Particles ——» could behave as a wave.

hypothesis was experimentally (Ele:tron) ——
proved by Davisson and
Germer.

Now, the question is, what kind of a Wave is this? It is a ntat wave. What
is Oscillating here? Prohbility of finding the particle in any range is
oscillating here. What is the Equation of this Wave? We will get the equation
by solving a partial differential equation given by Austriarphysicist Erwin
Schrodinger, famously known as Schrodinger Equatiohe Schrodinger
equation is,
T 2 I B

— [ 1 wihhl it Q—ih

ca T o
Now you canquestion me what about anacroscopicbody like your book in
your hand? Awave is also associated witlthe book but the wave length is
very small compared tothe book®®d® OEUA AT A OEAOBO xEU
won the race here and yowvill see yourself orthe book as aparticle/ body
and for this type of situation classical physics gives good approximation of
results but for microscopic particles like atoms or moleculeswhere the
wavelength associated to itis not smaller thanthe DPAOOEAT A6 O AEI
guantum physics starts to showits real nature.
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1 Same Experiment Can Give Different Results:

Suppose | have constructed a beam splitter which reflects half of the incident
light and transmits another half. As we previously know, ight has dual
nature z wave and particle Now, think of light as a partick, thenwhich
photons will reflect and which ones
Reflected will transmit? We can say that of the
beam incident photon will reflect and the
other half will transmit. But different

Incident
beam

BS RILZTH  Beam splitter photons give us different results! We
AAT 60 OAU xEEAE 11T A x
Erﬂﬂimi“‘*d and which one will get transmitted, all
eam

we can say is the probability of
reflection is ¥2 and probability of transmission is ¥2 Wecan write the result
of this experiment through a notation using the concept ofector space.

|Incident Beami= W|Reflected Beandi+ Wl Transmitted Beant

08 OEEXN IO EO AAIT AA OEAOG AT A OADPOAOGAT .
modulus of coefficient with this symbol represents the probability of that
event.

1 A Particle Can Stay in More Than One Place (Superposition
Principle):

Let us take thedouble slit experiment. Double slit is just two slits kept in
some distance. We usually throw particles owaves towards the slits and
behind those slits there is a detector which detects the particle. Now, if we
throw the particle, it will show two lines straight forward from the slits and
if we passwavesthrough these slits then i _
they will show an interference pattern.
Now, what will happen for an electron?

We had shownthat electron has both ::-:0.'-',02 iasiasesds
wave and particle nature. If we place o¢®® ‘oo L
P P R AT et es

electron gun towards the double slit
apparatus, it will show you an
interference pattern like wave. Now,if 4 oo
we adjust the speed of electron gun and

particles

two slits screen front view)
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electron will pass through the slits

where the first electron will appear?

3EIi PI U xA AAT 60 OAU8 7

probability. But after some time when

sufficient electron will hit the detector,

we will clearly see the interference

pattern. Nox h 1 A08 O OOuU OIl

this interference pattern from particle

point of view. Let® suppose that it went

through the top slit. If that wasthe case

then the lower slit was really irrelevant and might just as well have been

temporarily closed up. But with only top slit open, theslectron would not be

most likely to arrive at midpoint of the far screen, but instead it would be

most likely to end up at the point

opposite. Since this is not the case, w

conclude that the electron could not

have gone through top slit. Standing

this argument on its head, we conclud

that the electron could not have gone

through bottom slit either. Then whatis

really happening? The conclusion is

that this indivisible electron went

through both the slits! In terms of

classical intuition this is a nonsase

conclusion, but in terms of quantum

OEAT OUG O OOPAODI : ‘
. Interference pattern for electron over

however it makes perfect sensaNe can time

representthe AT AAOOT 160 Ernce Ao

A X make it so low that at one time onlyone
Ib d
F

S2

Doubleslit experiment with wave

W|Path from upper slita+ W|Path from bottom slitc

So, we have seen that a particle can stay in more than one place!
1 Observation Disturbs the System
In previous experiment of doubleslit with electron, we have seen that

electrons went through both the slits. But now what if | place an observer

47



nearthed EOO xEIT AAT 1T AOAOOA AAtfdElbaglitA Al A
seems to be we found a way to oppose superposition principle. So, Scientists
had done that experiment with an observer near slits. So, when we placed an
I AGAOOAOR Al A A&iRdalwavA anjndre 8nd they dazefudjust
two bright spot opposites to each slit, rather than an interference pattern. It
means whenwe observe, the electron starts behaving as a particle. Actually,
when we observe the system, we have disturbed thema@E AU AAT 6 O (
more than one result, they have to gebne result squeezed in. This is called
the collapsing ofawavefunction. So, are &ctrons more advanced than ug
do they know whether we are observing them or nd2
T ( AEOAT AdcamidtyCPrinciple:
If I throw or kick aball and ask you what is the velocity and the position of
this ball at this moment, can you tell me? You would probably say why npt
just give me some instruments or tell me the equation of the motion of that
ball and | will give you the answers of both the questions simultaneously
either by experimenting or calculating. But if | give you a quantum patrticle
Ascsh Al AAOGOTT AT A AT AOT 60 | wéBd ET x
not be able to tell the positon and velocity of the electron at the same time,
AT A OEEO EO ( AEOAT AAWheHstatesSthaftfe@dddcET OU
of the position and momentum uncertainty roughly equals the value of the
01 AT AESO - AIOEAOAICEAAIHEHN h x AV IDA YHD AOA
uncertainty or standard deviation of position and momentum and h is the
Pl AT AE & O THislisin@ @dihabildy of the instruments thoughh E 08 O OF
fundamental nature of ouruniverse. Basically, if you want to know more
AAT 60 AAinltiBe®d yod ha®eE 10 Hose the knowledge about its
momentum and also viceversa. This principle is not only applicable to
position and momentum, it is also applicable twther conjugate variables
like, energyand tE | A j Y 3hGular momentum and angular position
j Y[ ~ h) etc.

48



1 Quantum Tunnelling:

Can you walk through a wall? You will probably tell me; this is totally a
nonsense question. But this is another case of quantum mechanics. If

anyone says youguantum tunnelling is the main reason for ourmuniverse

AT A 100 AQEOOAT AAnh AT180 AA OOODPOEO,
says that the big bang happened due to this phenomenon. Sun shines
because of ths, radioactivity occurs because ofthis. But what isquantum
tunnelling? Quantum particles can gothrough any barrier (it can be

physical like wall, can be just potential e.g., -p junction in a
semiconductor) which has more energy than that particleBut classically,

EAZ UI O EAOA 110 AT1O0CcE AT AOcCcuU ui 6 AA
strange butit is true. We AAT 6 0 OAl1 1l xEEAE DAOOEAI
barrier and which one camnot, all we canjust say is probability. We will

FET A OEAO unceiaioth pOEEAGAGEMO A AT A 3 AEOEAEI
somehow exactly states thisAs inthe figure, the box in the middle shows

the potential barrier, a particle e

came from the left side and T*}j{n”;a';‘" \ expl-av/T)

represented by a waveAQ , when W N ©
the particle makes collision with the

potential barrier, some amplitude
go reflected and some amplitude of
wave enters the potertial, then they ﬁﬁﬁg}ﬁg exp(w(EV/T)
decay exponentially and come out -—
as a sinusoidal waved @ , where I
I &A. The probability of finding the
particle on right hand side is much less than the probability on the left
side.Takea physical example fronradioactivity. a-particle or He2* ion is

one of the elements which comes out from the nucleus in radiactive
AAAAU8 4EA Agarfce @hich tofes it falls in the range

between 49 MeV only, but the potential energy of the nucleus is much

higher than this. Then the question arises, how did A T -particle come

from inside the nucleus? The answer is they show the&unnelling
phenomenon. Ifwe do calculations of tunnelling to go through the wall in

front of you, we will find the result approximately 104h OEA O8O x E L
AAT 86O Cci OEOI O6CE OEA xAll AT A xA AT
because classical physics gives us a very good approximate result.
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1 Quantum Entanglement :

Quantum entanglement is the heart of thequantum theory. Entanglement
means a connection between two things and e know about a thing, we

will automatically gain a knowledge about the otherone. As an example,
suppose you have two pens, one is blue and another one is black, and
because we are good frieds you gift me a pen. Now, your mom wants to
know which pen you gave meSe opens your bag and saw that you have a
black pen only and she automatically gains a knowledge that you gave me a
blue pen, without communicating to anyone This simple idea is cHed
Owl OAT cl Al AT 668 , A0G60 c¢ci AAAE O OEA
property called spin of quantum particles which is similar to angular
momentum. An electron can have two types of spins either spin up or spin
down.WA AAT 68 O Qnhe BlectroR i <piE dp@r spin down dl we can
OAU EO OEA @O AAALKI E® Wdpresknts@mn ddwin Af s 8
an electron is represented byﬁs &#fs & then the probability of the spin up
electron is %2 andthe OPET AT x1 Al &AxQ@prdsentE o ¢ 8 s
entangled electrons the 1stelectron is spin

up and 29 one is spin down. Now, suppose

we have created two entangled electrons
st sdC 0§ § & the notation says that

two electrons are entangled in such a way
that if we do a measurement and find the
1stelectron to be spin up and then without
measuring the 2d electron, we can say the

2nd electron is spin down Smilarly , if 1st
electron is found to be spin down, 2d
electron automatically takes spin up side. This looks like a simple idea to you
but the tragedy is coming now. Suppose two entangled electrons were
created in the time of big bang, as time passed, one electron came here on
earth andanother one is still in the Andromeda Galaxy at this moment. We

do measurement on % electron (which is on earth), automatically we will
CAO OEA ET & OiI ACETT AAT OO OEA 11 AOT I 4
Now think, canwe send data at a speed moréhan the speed of light, using
quantum entanglement?
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T 3AEOI AET CAO80 #AO0(q

It is a thought experiment introduced by Erwin Schrodinger to explain

how mind twitching quantum physics is. Suppose we have a box with 4

things in it, cat, a radioactive source, aalector with hammer attached

ATA A Al 1T £ PTEOIT CAO8 4EAOAGO vuml
radioactive radiation, then detector will detect the radiation, the hammer

will smash the box of gas and the cat will die. If no detection is detected,

then the cat will survive. So, we can write this situation asM:|aIive6(+

f|dead6g that means the cais actually in

a superposition state of life and death.

.1_‘ >+_1_\ ) 7EAT xA 1 DAl OEA Al @R
'/i g ‘/E f chance that the cat is alive and 50%

chance that the cat is dead and if you find

the cat is dead then quantum
i AAEATEAAT T UR UT O EEI | AAseOthidtypAdfOA 3¢
AAOOOA OEET CO ET 100 OAAI 1 EZAR OEEO
called it a nonsense. There is something absurd about the very idea of a
macroscopic object being in a linear superposition of two different
possibilities. An ekctron can be in a linear superposition of spin up and
OPET Aix1T AOO OEA AAO AAT 808 wOAOUII
tends to zero or if wave length is very small compared to the dimension
of particle then quantum mechanics tends to classical mbanics.
T %ET OOAET 60 4EETEET C AT A "A1 180 4EAI
Whatever | told is Copenhagen interpretation ofjuantum theory and not
all scientists used to agree with that and one of them is Albert Einstein
TEA NOAT 00I OEAT OU O1 i1 AET x OOAGOO £A&O
electric effect but his lovehate story with Quantum mechanics makes
things very beautiful. He tried many ways to disprove Quantum theory.
Einstein, Podolsky & Rosen published the famous EFaradox. Einstein
questioned how a particle can stay in more than one place? and if
guantum entanglement is true then this is the absolute violation of
Special Theory of Relativity. In EPR Paradox, he told us thgantum
mechanics is true butincomplete,there must be some hidden variabls,
that decides which probability should take place $mehow two
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entangled particlesare related to this variable. In the first half of the 2@

century, the scientists were divided among two groups, one who believed
hidden variablesare OA AT AT A T TIA1964P6hn Bel showedd 8
OEAO OEAOAG Ohidben QafidblesGand AEstein AvAs wrong!

Now, What aboutquantum entanglement? Actually, thetwo entangled
particles are related with the same wave functionand because the wave
function can be spread till infinity, only one measurement is enough to

AT 11 APpOA OEA xEI 1T A xAOA £EOT AGET T8 " O
if we cansendaninformation at a speed more tharthe speed of lightYou

are on earth now and suppose | am in mars; you have one electron and |
have another one and both are entangled. Now you measure the spin of
your electron and found it spin up and you gain a knowledge that | must

have spin down electon but | am in mars and how | would know that?

91T O EAOA OI OATA T A OiTi A OECT Al ATA
any signal at a speed more than the speed of light. So, this is not violation

of The Special Theory of Relativity

But what if we encodel the information in Entanglement? As once Stephen
( Ax EET CNoOoAl¥ doés GAd play dice, but he sometimes throws them
where they cannot be seen!
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Future of Medicines: Targeted Drug
Delivery

~ Abhinaba Banerjee,
6th Semester, Deptf Chemistry
J. K. College, Purulia

There is a saying thatless is more And recent researches on medicinal
chemistry havealmost confirmed it. | am talking about medications. It is ot
that diseases like cancer or diab&s cannot be cured or there are no suitable
drugs for them, but the problem here is the traditional drug delivery system
EO 110 pOIi PAO A O OEAIi8 'TA OEAOGO xI
come into the discussion.

For understanding the importance of targeted drug delivery, first we need to
understand the present scenario of drug delivery system and what exactly
happens when we take a pill. L& say a person is havingain in the left knee.
Sa he will take ibuprofen or naproxen type of painkillers. After swallowing
the ibuprofen tablet, it will go to the stomach where some part of it may react
with the acids there Then it will go to the small intestine- intestine walls. In
every step it will react with the enzymes present there and eventually some
part of it will be neutralized. Then it will go to the liver,where the liver will
try to neutralize it identifying it as a foreign body. Tie neutralized part is
called metabolites which is now of no work! The remainingpart will travel
through the veins and circulate throughout the whole body and finally some
part of it eventually find the damaged site, and stop the reaction or the
process which is creating the pain by lock and key metho8ome medicines
wouldn't work if the stomach's digestive juices broke them down. For
example, insulin is given as a shot under the skin and then it can be absorbed
into the bloodstream. So,there are many problems in this mechanisny

1. The dose,that is being taken, is much higher than the required amount.
Because so much of the medicine is lost along the way.

2. Molecules of the drug can react with enzymes and chemical resulting
side effects. For example, patients having chemotherapgavefound to
lose their hair, because it targets all rapidly dividing cellsncluding
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cancer cells as well as healthy cells, also causing lot of other side effects
which could be atal sometimes.
An analogyOOAA £ O AOOOAT O thé AikebtAnkdicktibrisO E O
like getting a can of oil and pouring it all over your car engine. Some of the oil
will dribble into the right spot but the majority of it is wasted, and some even
AAOOA EAOI 858
So, we need a way to target the medicines, so th#tonly releases or be
activated at some specific targets. If we succeed to do this, the dose will

decrease, as the dose is decreased so the waste will decrease and most
importantly the side effects will decrease. But how to do that?

We have mainly two options,

1. Follow the same trail where pharma companies spent billions or dollars
to discover a single drugand find the perfect drugs or,

2. There are drugs that are known to worlbut not able to reach the site. W
could use that ly changing the way it is deliveredHere comesnanoscience
as a potential solution. But what is nanoscience? Nano is one billionth of a
meter! A normal human hair is 100,000 nm thickand here we are talking
about 320 nm! Nano technology is basically the fabrication and design and
application of material at nano scale Now the question is how to do that.

We can design drugs in a way that there isnauter layer which will protect
the drugs from being deactivated by the enzymes and chemicals in our bqdy
and also will help to find the site and make iactivated where it is required,
like a vehicle which will carry it throughout the body and dropit at the
targeted place.

As the picture shows the red and
white cage B our vehicle and the
blue ball,inside the cageis our drug.
These drug carriers can be made
from avariety of different materials,
somecould be natural like starches,
lipids, some could be synthetic like
polymers, some could be inorganic
including gold nanoparticles, some could be nansized carrier systems
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including liposomes Scientists are also successful to develop carriers to
assist in penetrating the biological barrier. For example, if you want to
deliver drugs to the brain, you can develop nanparticles to help penetrate
the blood-brain barrier. We can try to develop nanparticles which will
recognize specific markers on cancer cells or the damaged cell and detive
drugs in high concentration onthese sites but not tathe normal cells.

A recent research has developedanoparticles for application in imaging
tumors. They encapsulated florescently labelled genes within the
nanoparticles.

Targeted Delivery of Fluorescent Genes in
Nanoparticles to Tumors

Accumulation of nanoparticles
containing genes at tumor site

Ho et al. (2013) J Pharm Sci

As shown on the PANELB, after they injected animals with these
nanoparticles, there is a bright red fluorescent colaur within the abdomen of

the animals, the reasons these nanoparticles are accumulating at the site of

the tumors and inPANELA, OE A OA AT Ei A &n@cadcériordutmorE A O A
development, so after injecting with same nanoparticles, there is an absence

of the red colaur. These nanoparticles can also be used as a strategy to
reduce tumor growth.

But in some casegliver can still create some problem by destroying the
nanopatrticles identifying these as foreign objects and preveimg the drugs

to reach the site. 8, the future strategy to improve nancparticles is to
temporarily disarm the immune cells in the liver. But how do we disarm the

immune cells? Well, firstly we will look for the drugs that already exist to do

that job, and a research found a 70 yeaold malaria drug can partially stop

the immune cdls from internalizing the nanoparticles and escape theiver.

Another strategy could beQT OOA OEA AT AUGSANoflushhve T AT T ¢
nanopatrticles circulating in our body, and as they are a part of our body, the

liver is less likely to identify them as foreign objects. And these biological
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nanoparticles can be found in salivaplood, urine, pancreatic juice, we can
collect them and use them as carriers. So basicallye can use Tojan-horse
based concept to fool e liver. But there is sill a challenge to isolate them
without damaging them, well researchers have made progress in this case
and we can expect good results in near future

There are nangarticles, which have beenalready approved, for example,
VYXEOSCPX351 which is a Liposomal formulation of cytarabine:
daunorubicin which is approved to be used foracute myeloid leukemia
Doxil Caelyx(Janssen 1996) which is aLiposomal doxorubicin (PEGylated)
used for Ovarian cancer (secondary to platinusBA AOAA OEAOADPEAO
associated Kaposi's sarcoma (secondary to chemotherapy), Multiple
myeloma (secondary). Myocet (Teva UK,2000which is a Liposomal
AT @1 OOAEAET | dan be dseddr teakmérd & mefhstatic breast
cancer(primary) Also, thereare many drugs which are being developed and
being approved for fungal diseasghepatitis B and even cancer etdn near
future we can expect to develop drugs that can change the medhal
industry in such a way thatevery disease can be cured.
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Concept of Temperature

~ Dr. Nityananda Das,
Associate Professor (Department of Physics),
J.K. Collge, Purulia.

We learn science by formulating laws to explain physical phenomena. We

use mathematics to formulate the physical laws and design experiments in
laboratory to learn physical laws.

But, whenever our discussion and understanding are concerned with the
phenomena which are already in our mind from our daily experience, we

AT T 6 idtrogbfed understanding science. Because, whatever is discussed

in science, is the mathematical formution of the knowledge and
experiences already stored in our mind from daily experience.

From the very beginning of our lives, we observe what is happening
surrounding us and we storethem in our mind. To discuss ourperception of
science,we can consider some very common concepts and laws in physics.
AEAOA AOA DPOAOOOOAR OAI PAOAOOOAR EAAO
(by traditional education system), they also havea sense of these things

When a persongoes inside water, feks the effect of waterpressure quite

well. We all know the effect of temperature fronthe weather-temperature,

ovens and so many hot and cold bodies/hich we haveexperienced in our

daily life. 4 EAOA AT 160 1T AAA Al thelaAfpysce| T A1
Temperature is thedegree of hotness or coldness. This something thatwe
canEAA1T 8 7A AT 160 O1T OAE A EIT O EOI1T O As
high (about 36 C or above). From thiswe can get an idea of how much

hotness can be felt ithe weather temperature is about 50 C. We feetold

when we touch ice at OC. But this is nobnly about temperature, we need to

consider other parameters for example, pressure, specific heat, thermal
conductivity of the atmosphere or the materials to get a proper sense of
temperature. Inthe winter season, if the weather temperature is, say, 1C,

then our body feels cold but a bucket of water at the same temperature

seems to be much colder. So, the atmosphere and water being at the same
temperature, we feel different senseof hotness or coldness.

31Th TT1TU OAI PAOAOOOA AT AOGTI 60 CEOA OO
the water seems to be colder becaugbe specific heat of water is higher than
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the specific heat of air.The feeling of hotness or coldness depends on the
heat transfer from the body tothe atmosphere or the object we touch.
Whether heat will transfer from the body to the surroundings or
surroundings to the body, depends on which is ata higher temperature
compared to the other Zeroth law of thermodynamicstells us a good
concept of temperature. When two bodies are thermally connected, heat
flows from the higher temperature to the lower one. This leads to a good
explanation of the sense of hotness or coldness. When the atmospheric
temperature is less than he human body temperature, then heat Wi get
transferred from the body to the surroundings. So, should we feel cold when
the atmosphereis 36 C or 35C? These are lower temperaturethan the
body temperature (37 C). Definitely heat will flow from the body to the
AOiI 1T OPEAOCA AT A xA OEIT O1I A £EAAT All A8
experience that we feel sufficiently hot wherthe atmosphere is at 35C. Here
we should explain this and then proceed to explain in general.
Our body produces heat by metabolismThe excess heat needs to be
released.If the weather temperatureis37# h OEA AT AU AAT 80 O/
we feel warm or even hot.The heat needed to be released from our body
needs weathertemperature to be something less thanthe body-
temperature. It is approximately 21 C at which the body feels normal by
releasing the heat required to tansfer. So, when the atmospheric
temperature is higher than 21C, we feel warm and if the weather
temperature is less than 21C, we feel cold. All thesdiscussions are on the
basis that the air pressure is at 1 atmospheric pressure (1000 bar) and
normal humidity. Now, we can extend our idea of hotness or coldness by
thinking aboutthe pressure.
The temperature is not the only factor to discuss about theesise of hotness
and coldness. This needs pressure to be discussed.
If the atmosphericpressure is reduced by one half dhe normal atmospheric
pressure, the feeling of hotness is reduced. | mea6 C temperature when
the atmosphere is at 1Atmos, is moreO( / 4 6 O ERitemg2iatdre, o @
when the atmospheric pressure is Y2 #mos. This easily comes from
mathematics.

0 2 Lo 8 p

o o

where, m= molecular mass.
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n= no. of molecules per unit volume.
c = rmsspeed of the molecules.
r = density.

Using equation (1), we get,

- cQ,
a
. p, .  oQvY o
0 —0 & — e QY 8 o
o a

From equation (3), it is clear if temperature is doubledpressure will be

doubled (keeping n = constant).

Whentemperature is atahigher value than the body temperature, heat Wi

get transferred from the atmosphere tothe body and we feel hot. But, if we

reduce the density of particles, n, the pressure reduces. So, the transfer of

heat from the surroundings to the body reduces. In this way, if the
temperature is kept at 1000 C, 10,000C or 1,00,000C andwe reduce the

density of particles (means reducethe pressure down to a very low value,

say 103 mbar, means 1FAtmos or even below 1010 Atmos and so on) the

density of particlesbecomesso low thatthe transfer of heat from that much

higher temperature to our body is naligibly smal, AT A AT AOT 80 AAC
burning effect at that high temperature. Only thing for which we feel warm

Is that the body heat is not released and that causes discomfort. But, if a part

of the body, say, one hand or &g is kept inside a bath at 10,000 C and
pressure at 106 Atmos or 10-10 Atmos, that portion get negligible heat from

the bath and the body heat is released frorthe other portions of the body.

Heat from the part which is kept at 100,000C is transferred to the other

partsi £ OEA Al AU O1 OAI AAOA EAAO AT A xA
this way, we can think about the effect of temperature, not being afraid of

the value of temperature only.

Instead of considering atmospherewecan proceed furtherby considerng a

gas of particles of mass 1g. Now find thens speed of these particles when
temperature is 20 C and pressure is 1 Ahos.
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Consider this gas is kept in a box of 1
Pressureis, say,10-10 Atmos.
1 Atmos = 16 Newton/m2 = 10 N/cm?
I x 1TAOGO EAGHRs.A OATOA T &£ p !0
If acceleration due to gravity is taken as 10N/kg (9.8 is approximately 10),
that means 1 atomspressure is same as the fae exerted by kg mass on 1
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Number of particles colliding withthewall=p o8 ¢y pT CCUL p T
W oa i Qo

We can approximately say that Q particles (8.7 is approximated as 10)
collide per secper square cm or we can say that 1 particle collides in 0.1 sec.
So, if a microphone of diaphragm of area 1 é&s used as a pressure sensor
and connected toan oscilloscope, we observe peaks at the interval @1 sec.
So, what can we say about the pressure in between the two peaks?
Another point to note is therms speed.

We can think dout the measurement and senseof temperature and
pressure for such a situation. As only one particle impacts with the wall in
0.1 second, then what is the pressure?

The peals observed inthe oscilloscope are not othe same height. This is
because the particles follow a speed distribiion. So, we observe peaks of
different heights on theoscilloscope screen. Nowomes a new situation and
we have to engineer the problen of measurement of pressure. Athe same
time, the situation is complicated regarding temperature measurement. This
Is because the temperature of any substance is measured by observing the
change of a physical property of a material and we measure the temperature
by the amount of change of that physical property when the sensing material
is in thermal equilibrium.

Simply, think of the measurement of temperature by mercury thermometer

It is good for measuring the temperature of water ¥ mercury thermometer.
But, if wetry to measurethe atmospheric temperature directly by keeping a
mercury thermometer in air, it is not a brilliant way of temperature
measurement. The discomfort is the time taken to come in thermal
ANOEI EAOEOiIi 8 )0860 Ai AAO OEAO OEAR OEOO
temperature when only one patrticle collides with the hermal sensor in each
0.1 sec per square cm

So, vE A Ore Golutidn! Whatever we use ashe thermal sensing property,
we have to wait for some time to reachhe thermal equilibrium. We canuse
thermocouple, or many other material properties such as magnetic
OOOAADPOEAEI EOU £ O 1 AAOGOOAT AT O 1T £ OAI
stop here. We can think of situation when a particle collides in 1 sec, 1
minute, 1 hour or more.
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For example, a single pdicle kept in a box of 1 M. Mass of the patrticle is

say, 1kg. Suppose the system is kept in thermal contact with a water bath at

some temperature. Now, the situation may be that this particle may collide

with the wall after 1 hour.

The answer is straightforward . We have to wat for several days or may be

one year to measure the temperature or pressure of such a@O Al 8 4EAO
puzzling and give rise to somguestionsin mind. Anyway, that is to be solved
by some other methods. But, a queryegarding the mncept of temperature
and pressure seems to be redefined. When the system of one particle of mass
1 kg confined in a box of 1hand kept in thermal contact with a water bath,
definitely the system will reach thermal equilibrium after a certain time. But,
when the thermal equilibrium is reached, how can we understand it!
Because, we will observe peaks in oscilloscope in the gap of one hour or one
day. So, it becomes difficult to understand the thermal equilibrium state.
Another mind-puzzling thing is the cortept of temperature as well as
pressure. Ifwe consider that the system has reached thermal equilibrium,
then according to our concept of thermal equilibriumwe can say that the
temperature of the system is same as the temperature of water bath say
20 C.That meansthe system is at 20C. This is the temperature at any time
after equilibrium.

But just after one collision with the wall, the particle will move with constant
velocity for one hour within the box. So, a particle moving with constant
velocity (in between two collisions) has a temperature of 20C. This seems
Oi AT T OOAAEAO 100 OATOA 1T &£ OAI PAO
DAOOEATI A T T OET C xEOE Ai 1T OOAT 6 OAI I
This is the situation that scientist face in measuring the temperature of
celestial bodies.So, there is a need to extendur traditional concept of
temperature to a more general concept that can explain the temperature of
this type of systems.

In this way, we canthink by extrapolating our physical situation bychanging
mass, time and length. W can extend our ideas of the natural phenomena
and gradually we can uplift the sense of things which we 406 O A£AAA EI
daily life. But we have to get thee ideas for unerstanding the rature as a

whole. We can move towards a unified view of nature.

AOO
AEO!L
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I xh | Ate&cehcept AfGdyative temperature. We all know that OK is
the minimum temperature that we can think of.But we can extend our idea
of temperature from thermodynamic concept of systems and find out the
possibility of negative temperature and that enablesus to define the
OAI PAOAOOOA 1T £ OUOOAI O x EhE Adhcepd AT 6 O
temperature we hadin our mind so far. This is easy. This can be explained
from the definition of entropy change of a system. We have the definition,

p Q7Y

Y QY 8 T
where, dSis an infinitesimal change in entropy anddU is the infinitesimal
change in internal energy of a sstem.

Now, consider a system of N number of magnetic dipole&n external
magnetic field @8 is applied to the system in a particular direction.
Consideringthe dipoles are noninteracting, all the dipoles will be oriented
in the direction of the applied field and the energy of a system is minimised.

Y 0 e8P 8 v
where, ‘pis the magnetic dipole moment of a single dipole an@® is the
external applied magnetic field.

When all the dipoles are orientedin the direction of the field, the angle
between ‘pand &is 0 and the total energyJ of the systemis z0 ‘ G

Entropy,”Y Qdarg m

Here,m p, becausdhere isonly one possible way of arranging N particles

in the direction of ®. As the energy of the system increases, due to thermal
fluctuations, some of the particles tend to be aligned in the opposite
direction (considering spin = %2 and hence,two possible orientations). So,

the number of ways of orientating n particlesopposite tothe direction of &
and the remaining (Nz n) particlesin the direction of @is 0 . As the energy
of the system increasesy) 0 increases upto n = N/2, where the entropy
reaches its maximum value and which is the most favourable statéurther
increase in energy increases the number of particles orienting in the
opposite direction of ®@ and becomes more than N/2. Therthe value ofm
starts decreasing. The entropy vs. energyraph is shown in Figire 1. This is
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clear from the figure that,dSd Uis positive up to N/2 particles. That neans
temperature is positive.
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Figure 1. Variation of entropy with energy

Here,Q FQ"Y T when n = N/2, which means— TT thatis“Y Hb

As the value of n increases furthedS/dU becomes negative, which means
1/T is negative and T is negativgshown in Figure 2).

When the oppositely oriented particles are just above N/2dS/dUis just
negative with a value which is nearly 0. S4/T is negative with a very snall
value (tends to z&0), i.e.,”Y b

As the number of oppositely oriented particles increases further, thdS/dU
Is still negative but the numerical value tends to infinity (tangent) which
meanspf’Y  Ho. That is”Y mfrom negative side.This is shown in the
Figure 2

The most interesting point that puzzles the minds that the temperature is

infinity when nis — p and is negatively infinity whene - p.

Just look at thefigure and keep on thinking and understand the senseof
temperature.

So, the entropy of thesystem of N dipoles is maximum when N/2 number of

particles are oriented along the field and N/2 particles are pposite to the
field direction. That is, btal dipole moment is zero due to thermal
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fluctuation. So, the system is in paramagnetic state. Wheén 07%c¢, the
system is ferromagnetic and 0 ¢, the system is antiferromagnetic.

Paramagnetic
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Figure 2. Temperature vs. energy.

Suppose the walls of the container is in thermal contact with a heat bath and
the temperature of the bathis increased upto 10,000 C. At this situation,
heat will be transferred to reach thermal equilibrium. Question is, in which
direction heat will be transferred? System to walls or walls to the system?
Keep on thinking the answer to this question.
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Some Industrial Applcations of Green
Chemistry

x  Dr. Lokesh Chandra Pati,
Associate Professor, Department of Chemistry,

J. K. College, Purulia.
Introduction

With rapid globalisation and increasing industrialisation, there has been
tremendous increase in the number of the chemical products synthesised.
All these chemical products use various starting materials which may be
toxic. During synthesis, the used solvents may form volatile organic
compounds (VOCs), and the bproducts which may end up as waste.
Although the quality of life has improved due to chemistry, the general public
still considers chemicals to be toxic. Chemistry may be responsible for the
harm caused to the environment, but cemists also have the solution to the
problems caused by chemicals. A few instances of industrial application of
Green Chemistry are discussed in this article.

1. Carbaryl synthesis :
From 1969, Union Carbide India Limited (UCIL) started producing

- A~ s o~ - . ~ - ~ -~ - ~ ~ N

O A A A O-Babhthol with methylisocyanate (MIC). Later, UCIL
established MICproducing plant which started functioning in

Bhopal since 1979. On midnight between™ and 39 December in

1984, emission of toxic gas MIC caused the disaster in Bhopal,
ATT1TTT1U0 ETixT AO OEA O"EI PAI ' AO
thousands of innocent people.

After that incident, an alternative method for synthesis of carbaryl

was developedwhi€e AUDAOOAO OEA OaephthblE O @
reacts with phosgene (CO@] O1 b @dphtdlkloroformate

which then reacts with methyl amine to produce carbaryl.
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2. Computer Chips:
Many chemicals, large amounts of water, and energy are required
to manufacture computer chips. According to a study conducted in
2003, for making only one computer chip, the industrial estimate of
chemicals and fossil fuels required is in the ratio of 630:1 i@t
takes 630 times the weight of the chip in source materla just to
make one chip. In contrast, the same ratio for the manufacture of
an automobile is only about 2:1.
A process has beerdeveloped by scientists at the Los Alamos
National Laboratory that use supercritical carbon dioxide in one of
the steps of chip preparation, and it significatly reduces the
guantities of chemicals, energy, and water needed to produce chips.
Another way of using the chicken feathers to make computer chips
was found by Richard Wool, former director of the Affordable
Composites from Renewable Sources (ACRES) gram at the
University of Delaware. The protein, keratin, in the feathers is used
to make a fibre form which is both light and tough enough to
withstand thermal and mechanical stresses. The result isather-
based printed circuit boardthat actually works at twice the speed
of traditional circuit boards. Although this technology is still used
only for commercial purposes, the research has led to the other
uses offeathers as source materiaivhich includes preparation of
biofuel also.

3. Biodegradable plastics :
Bioplastic polylactic acid is the most promising and popular
material as an alternative tosynthetic polymer. Biodegradable
plastics are now synthesised from renewable resources, such as
corn, sweet potato and tomatoes. The emerging edoendly
alternatives may well become the most viable example of how
green chemistry can alter our everyday lies.
BASF BadischeAnilin und Soda Fabrik, Germanygre making and
marketing fully biodegradable bags,&covic®d made of this film
along with cassava starch and calcium carbonate. The bags
completely disintegrate into water, CQ, and biomass inndustrial
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composting systems. The bags are teaesistant, puncture-
resistant, waterproof, printable and elastic. Kitchen and yard waste
can be quickly degraded in municipal composting systems if these
bags are used in the place of conventional plastic gs

. Antifoulants (Marine Pesticides)

Fouling, the unwanted growth of plants and animals on a hull of
ships and boats, costs the shipping industry approximately $3
billion a year, largely due to increased fuel consumption to
overcome hydrodynamic drag. lareased fuel consumption
contributes to pollution, global warming, and acid rain.

The main compounds used worldwide to control fouling are the
organotin antifoulants, such as tributyltin oxide (TBTO, hatfife
more than 6 months) applied through paints. Itcauses damage to
whales, oysters, dolphins, fish and other marine organisms. While
effective, they persist in the environment and cause toxic effects,
including acute toxicity, bioaccumulation, decreased reproductive
viability, and increased shell thickress in shellfish. These harmful
effects led to an EPA Environmental Protection Agency, USA
special review followed by the USA Organotin Antifoulant Paint
Control Act of 1988. This act mandated restrictions on the use of tin
in the United States, and charged the EPA and the U.S. Navy with
conducting research on alternatives to organotin

The first green antifoulant SEANINE® 211, was marketed by Rohm
and Hass Company. The 4gichloro-2-n-octyl-4-isothiazolin-3-
one (DCOI, halife in seawater is one day and one hour in
sediment) is the active ingredient of SEANINE® 211. DCOI creates
a hostile environment for growing the marine organism on the
surface of the hall of ships. It stops the metabolic process of the
protein through which the organism attaches itself with the hall
creating the hostile environment on the DCOI treated hall for the
organisms. As a result, the marine organism searches for surface
with more hospitality on which it can grow. The rapid
biodegradation leads to lower concentration of DCOI in the
environment and causes no chronic toxicity.
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5. Healthier fats and oils :

Triglycerides consist of one glycerol plus three fatty acids.
Triglycerides that contain mostly unsaturated fatty acids are liquid
at room temperature. Manufacturers partially hydrogenate these
fatty acids to make them solids at room temperature. Trans fat
acids formed during the hydrogenation process are found at high
concentrations in a wide variety of processed foods. Unfortunately,
consumption of trans fatty acids is also a strong risk factor for heart
disease. For this reason, the U.S. food and indrent industry has
been investigating methods to reduce trans fats in food. Of the
available strategies, interesterification is the most effective way to
decrease the transfat content in foods without sacrificing the
functionality of partially hydrogenated vegetable oils. During inter
esterification, triglycerides containing saturated fatty acids
exchange one or two of their fatty acids with triglycerides
containing unsaturated fatty acids, resulting in triglycerides that do
not contain any trans fatty aads.

Inter -esterification can be accomplished by two ways (i) Chemical
Inter Esterification (CIE) (ii) Enzyme Inter Esterification (EIE). CIE
Is carried out by treating the glycerides with sodium methoxide
(NaOMe). Use of NaOMe agatalyst, has large number of problems
with respect to environment and yield. In EIE, suitable enzymes
(lipases, phospholipases) are employed for the interesterification
purpose. Enzymatic interesterification positively affects both
environmental and human health. Environmental benefits include
eliminating the use of several harsh chemicals, eliminating by
products and waste streams (solid and water), and improving the
use of edible oil resources. The enzymatic process also contributes
to improve public health by replacing partially hydrogenated oils
with inter -esterified oils that contain no trans fatty acids and have
increased polyunsaturated fatty acids.
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Conclusion:

Beside these few examples, Green Chemistry are also applied in the
preparation of medidnes, paints, biofuels and synthesis of cyclohexanone
(used for synthesis of caprolactam to nylof6 polymer) etc. Thus, Green
Chemistry stands as a powerful tool in designing eefsiendly products and
provides a solution to many health and environmental sues. However,
designing green routes of synthesis is a challenging job with huge future
prospect.

References:

1. Bandyopadhyay C. An Insight into GREEN CHEMISTEB0oks and Allied (P)
Ltd. (2019).

2. Sidhwani, I. T.; Sharma, R. Kn Introductory Text on GraeChemistryg WILLY
(2020).

3. https://www.acs.org/content/acs/en/greenchemistry/what -is-green
chemistry/examples.html

4. https://www.scranton.edu/faculty/cannm/green -
chemistry/english/environmentalmodule.shtml

5. https://www.epa.gov/greenchemistry/presidential -green-chemistry-
challenge 1996-designing-greener-chemicalsaward

6. http://www.hooghlywomenscollege.org/ol%20doc/Chemistry,%20Sem%2
0VI,%20DSE%203
Healthier%20fats%20and%200ils%20by%20Green%20Chemistry.pdf

70


file:///C:/Users/HP/Downloads/1.%09https:/www.acs.org/content/acs/en/greenchemistry/what-is-green-chemistry/examples.html
file:///C:/Users/HP/Downloads/1.%09https:/www.acs.org/content/acs/en/greenchemistry/what-is-green-chemistry/examples.html
file:///C:/Users/HP/Downloads/1.%09https:/www.scranton.edu/faculty/cannm/green-chemistry/english/environmentalmodule.shtml
file:///C:/Users/HP/Downloads/1.%09https:/www.scranton.edu/faculty/cannm/green-chemistry/english/environmentalmodule.shtml
file:///C:/Users/HP/Downloads/1.%09https:/www.epa.gov/greenchemistry/presidential-green-chemistry-challenge-1996-designing-greener-chemicals-award
file:///C:/Users/HP/Downloads/1.%09https:/www.epa.gov/greenchemistry/presidential-green-chemistry-challenge-1996-designing-greener-chemicals-award
http://www.hooghlywomenscollege.org/ol%20doc/Chemistry,%20Sem%20VI,%20DSE%203-Healthier%20fats%20and%20oils%20by%20Green%20Chemistry.pdf
http://www.hooghlywomenscollege.org/ol%20doc/Chemistry,%20Sem%20VI,%20DSE%203-Healthier%20fats%20and%20oils%20by%20Green%20Chemistry.pdf
http://www.hooghlywomenscollege.org/ol%20doc/Chemistry,%20Sem%20VI,%20DSE%203-Healthier%20fats%20and%20oils%20by%20Green%20Chemistry.pdf

A Better Way to Picture an Atom

X Rahul Das,

6th Semester, Dept of Physics,
J.K. College

Atomic orbitals have long been confusing for mé have had ®me basic ideas
that atoms have nucleus and somelectrons; but this is not sufficient for a
clear idea. Some books give a cartoatiagram that e
electrons are movingrandomly around the nucleus. f//,...&.\\
These are correct up to a stage. But higher studies, 4. :“ % |
you need to be clear about what you are learning. Fo \\\h'//
an example we see a picture that electons are —o—
moving around the nucleus.

s o~ A o~ ~

hand, some are like dumbbell, donuts or a curved line that shows the path of
electrons, which are definiely
more technically accurate (or |
technically inspired), but none of '
these feels like they can give ¢
sense of what is actually going on
What does these blobby things
have to do with orbiting particles?
Is the electron inside it? Or on the
surface? We wat to know what an atom looks like and want that picture to
actually have something to do with the reality of atoms (since they are,
indeed, real things).

2p orbital

Now to get the actual picture of an atom we need to know some of the things,

like the position of the electron, the waveparticle nature of quantum
mechanics, the energy of the electron etc. Here we must recall the
O(AEOAT AAOC6O O1T AAOOAET OU POET AEDPI A6 8
velocity of an electron at the same instance. It states that tipgoduct of the

O1T AROOAET OU ET DI OEOEIT AT A 111 AT 001 E
ugq8 3T h xA AAT 1106 11T AAOCA AT Al AAOOI 1
find its position. Because according to uncertainty principle, if we want to
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minimize the position of an electron, its momentum will be infinity. So, the
above pictures are wrong. There is no exact path or orbit of an electron that

@

%ﬁ

we can draw by a single line. What actually we
can find is the wave function of the electron.
According to De Brglie hypothesis, particles
have wave nature. To realize the wawvparticle
duality, imagine a bunch of watefparticles as a
speck of dust in the water; the particle is mostly
guided by where the water goes and the water is
guided by its wavefunction. Now, we have to
know a little bit about the wavefunction.

Suppose, a ball is oscillating sinusoidally in a high speed. If you are asked to
find its position at a certain time you can not, rather if you find its velocity
distribution you can get the probability of finding the particle at a given
position. And the image looks like a bell. Same thing happens for the
electrons also. We can not find its position or path. But we have the wave
function for an electron. The wavefunction says how it is orbiting or more
accurately, oscillating. After getting the wave function, we find the square of
the modulus of the wave function which gives the probability density of
finding the electron at a certain point. Some of the wave functions of
hydrogen atom at different enegy levels are listed below:

Woo == = 0

Wz00=—— ~ _ C

Wp10=—F— - _,, Q  AiI-© | | |
Wsoo=— - cXPpY G Q°

Wpio=— - -, @ T HE+
Wornm=—— - , @ , Q  OEW’
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Ws20=—5— ~ Q  owe+ p.

( AOA K E & YMA @ndA refresents atomic number, r (variable)
Is the radius;y (variable) is the angle of r with the zaxis and ajl, Xo, m,ez
all are constants.

As we know that the square of the modulus of the wave function gives the
probability density of finding the particle, so the probability of finding the

AT AAGOTT ET A 0OF $Q+sAs AA A LAN O O A Ah EO
angle.

Now, how to get the pictures? We simply put r an® (as they are variables)

in the equation and plot the outcomes in a 2D plane. There are many
softwares available in the web platform that transform results into image.

After all, what we get is thisz

Hydrogen 1s orbital Hydrogen 2s orbital

If you look carefully, you will see, in the 2s orbital, there are two spheres, one
IS major outside and the minor inside.

Next,
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Hydrogen 2p orbital

See these are not dumbbells. This picture only shows the probability of
finding the electron is maximum in the upper and lower lobe. These are not
the path of the moving electrons.

Hydrogen 3p orbital
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Again, these are not the electrons or any electron clouds. These are just the
probability distribution. Last but not least, theE UA OT C AdrbdaDis o A
shown below.

Hydrogen 3d+1 orbital

Conclusion:

We cannot see everything through our eyes, but we can measure. As an
example, we cannot see electron but we can measure its probability density
by finding its wave-function. In this way, we can observe micro by measuring
the macro.

(Here | used an image mcessing software to draw this image. These are not
random images; these are the outcomes of the wasanctions of electron).

Reference:
Introduction to Quantum Mechanics by Rvid J Griffiths and Darrell F. Schroeter
Quantum Physics by Stephen Gasioroez

Atomic Physics by DrS.N. Ghoshal.
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talking about quantum spin.

7TEAO EO ODPEl e )0O60 Ol i AOEEI ¢ OEAO ADPD
can measure; but what is it? Is the electron actually spinning like a bicycle

wheel inside an atom?

In 1915, Einstein and De Haas performed an experiment: basically, they
suspended a cylinder of iron from a thread and switched on a vertical
magnetic field. The cylinder immediately starts rotating with a constant
speed. At a first ghnce, it seems to violate the law of conservation of angular
momentum because there was

nothing spinning to start with.

Except there was, or at least T | T
there sort of was. The external :
magnetic field magnetized the \\rﬂ‘,\ . Rl
iron, causing the electrons in s - e T
OEA E Qdr khgld to lalign \

their spins. Suppose, those

electrons are acting like tiny o
bicycle wheels, and their shifted
angular momenta 5
compensated by the rotation of the cylinder. This explanation only makes
sense if we imagine electrons as spinning bicycleheels, which might sound
fine. In fact, the EinsteinDe Haas Effect was observed as a landmark
experiment demonstrating that the angular momentum associated with the
aligned electron spins in a ferromagnet can be converted to a mechanical
angular momentum by reserving the direction of magnetization using an
external magnetic field.
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But there is a huge problem: THE ELECTRONS ARE DEFINITELY NOT
SPINNING LIKE BICYCLE WHEELS. And yet, they do seem to possess a very
strange type of angular momentum that somehovexists without classical

rotation. In fact, the spin of electrons is far more fundamental than simple

rotaton 7ZEO8 O A NOAT 606i HOT PAOOU T £ PAOOEA
say that quantum spin is a manifestation of a much deeper property of
particles: a property that is responsible for the structure of all matter.

But the EinsteinDe Haas effect was not the first indication of the spifike
properties of electrons. That came from looking at the specific wavelengths
of photons emitted when electrors jump between energy levels in atom.
Pieter Zeeman, a Dutch physicist found that these energy levels tend to split
when atoms are put in an external magnetic field. This Zeeman Effect was
explained by Lorentz himself with the ideas of classical physicg:you think

of an electron as a ball of charge moving in circles around the atom, that
motion leads to a magnetic momeng a dipole magnetic field like a tiny bar
magnet. The different alignments of that orbital magnetic field relative to the
external field turns one energy

level into three. A singlet 2 —
spectral line viewed at right ' e
angles to the magnetic field —
direction splits into three plane
polarized components; a
central unshifted line with
electric vector vibrating
parallel to the magnetic field ( -components), and two other lines equally
displaced on either side with electric vector vibrating perpendicular to the
magnetic field @-AT | BT T AT 6oqn AAI T AA A O.1 01 Al

i - Energy
Levels

I NN specta

No Magnetic Field Magnetic Field

But, then came the Anomalous Zeeman Effect, which portrays that in some

cases, the magnetic field causes energy levels to split even furtherfor

reasons that, at that time, were a complete mystery. One explanation that

sort of works is to say that each elecon has its own magnetic momeng by

itself it acts like a tiny bar magnet. Therefore, we get the alignment of both

OEA | OAEOQAI i AcCT ACGEA {1 T1T AT O AT A OEA
contributing to new energy levels.

But for that to make sense, we really red to think of electrons as balls of
spinning chargez but that has huge problems. For example, in order to
produce the observed magnetic moment, they need to be moving faster than
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the speed of light. This was first pointed out by Austrian physicist Wolfgey

Pauli; and that assuming that electrons even have a size, as far as we know

they are point like, which would make the idea of classical angular
momentum even more nonsensical. Pauli rejected the idea of associating

such a classical property like rotatimm to the electron, instead insisting on
AAT 1 ET ¢ EO -déskribabid Dnod A1 ORAT RDOG 8

| EAUh O EOB60O0 Al AAO OEAO Al AAGOTT O AO!
they have angular momentum. And this is how we think about quantum spin

now: i0O6 0 AT ET OOET OEA AT COI AO 111 AT OOI
conservation of angular momentum like in the EinsteirDe Haas Effect, and

it also gives electron a magnetic field.

'T Al AAOOT 160 OPET EO Al AT OEOAI U NOA
we dive into that, let me give you one more example that reveals magnetic
properties that result from spin. This is the famous SternGerlach
experiment z proposed by Otto Stern in 1921 and performed by Walter

Gerlach a year later. In this experiment, a beam silver atoms (Ag has 47

electrons, 46 of them form a spherically symmetrical charge distribution and

the 47h electron occupies a 5s orbital) were passed through an
ETETTTCAT AT OO 1 Aci AOGEA EEAI A8 ) Eh Al
z-direction, x AG A A@DPAAO Al AOOEAAI T U O OAA I
that is symmetric about the undeflected direction, z = 0. According to
3AEOI AET CA0OB8 O x AOA

theory, however, if the
atoms had an orbital
angular momentum |,
xAR6A A@PAAOD
split into an odd
(discrete) number of (2
+ 1) components: like if
the beams atoms were
in their ground state | = 0, there would only be one spot on the screen.
Experimentally, however, the beam behaves according to the predictions of

T AEOEAO Al AOOEAAI PDEUOEAO 110 3AEOI AET
two distinct components. The results also seem toeébsame for hydrogen

atoms in their ground states (= 0), where no splitting is expected.

Silver atoms

Beam collimators

Shaped magnets create an
inhomogenous magnetic fied

To solve this puzzle, Goudsmit and Uhlenbek postulated in 1925 that, in
addition to its orbital angular momentum, the electron possessess an
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intrinsic angular momentum, which has nothing to do with the spatial
AACOAAOG T &£ MAOAAATiI 8 YO xAO CEOAT OE.
-TT AT OO6i 68 511 EEA OEA 1T OAEOAT AT COIl A«
described by a differential operator.

Hence, when the electron is placed inma
inhomogeneous magnetic field|p, a force at
xEl 1 AA AgAOOAA 11 O ETC
dipole moment; the direction and the

magnitude of the force depend on the

relative orientation of the field and the L.
dipole. This force tends to align spin

angular momenum Hgalong [P, producing

a precessional motion oHgaround [P. For

instance, ifHg is parallel to [P the electron  x

will move in the direction in which the field increases and vicerersa.

(]

o~

For H-like atoms (i.e., Ag) that are in ground state, therbital angular

momentum will be zero; hence the dipole moment of the atom will be
entirely due to the spin of the electron. The atomic beam will therefore
deflect according to the orientation of the

V
. Al AAOOT 160 OPET 8 3ET AAN
beam splits into two components, the
Al AAOOT 160 OPET 1 000 EAC
1 orientations relative to the magnetic field:
iy Ly 2 either parallel or antiparallel.

spinup ) spin down
Besides confirming the existence of spin and
measuring it, the SternGerlach Experiment offers a number of ther
important uses to quantum mechanics, i.e., by showing that a beam splits
into a discrete set of components rather than a continuous band, it provides
additional confirmation for the quantum hypothesis on the discrete
character of microphysical world.
'U OEA T EA pwgméO DEUOEAEOOewtdoDA OA
OEAUG A AZkhkSchidibdgerHquation.
Q1 r)=[y((?t

This linear partial differential equation describes how quantum objects
behave as evolving distributions of probabilityz as wavefunctions. It was
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proving amazingly successful at describing some aspects of subatomic
world.

But the equation, as Schrodinger first conceived, did not include spin. Pauli
managed tofix this by forcing a wavefunction to have two componentg
motivated by this ambiguous twevaluedness of electrons. The wavefunction
thus become a very strange mathematical object calledSp/nor.

l.e.,

Y 1>=

I xh TAO6O0 AOOOI Angl@ momerEud ogeiOrd3iEA A A AL
and3:p 7A61 1 AAOOOAAOI U -upand spihdoin, iy Ox1 OC
$ EOAA >EAA Goraspestively. Because the spiup state is a state of
definite z-component angular momentum, we can write,

3R ¥=>g ¥
And similarly,
3R ¥= %gﬁ

A more concrete representation of spin takes the form of twgomponent
array or matrix, i.e.,

s¥= h >=g¥

To represent the superposition of states, we simply add the corresponding
components.

TR TR T o

I xh 1 AO6O OOA OEAOA EAAAO OiF AAOGAIITD
function that includes spin. With the matrix notation wecan put the wave
function in the spin-up or spin-down position:

-

IY>=Y1ij Oh>96Qq %V'

IY>=Y:j Oh>0Qq g?
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An arbitrary spin state can be represented by having these different wave
functions J; an J; as the spinup and spindown components, in the form of
aSpinor,

= U,lp‘lf:ﬁ)
Y>= 0k

At a given time, the total probability that the electron isomewhere in
space with some spin is one.

<Y|IY>= ays s Qt1
, AO6O0 11 x OORelatistic \iakeOHEgualiobWestart with the
relativistic expression for energy,
E2 - p2c2 + m2(1)

Substituting the energy and momentum operators and applying the
expression,

21 2 ON2Y + mectY

s o~ o~ - ~

(O EO8O0 110 Al AAO xEAO OEA ONOAOA Ol

APpbPl U EOh EAOA xABOA OAEET ¢ OEA ONOAO/

This is called theKlein-Gordon Equation But there are some problems with
applying this equation to theelectron, however. For every +ve energy (E >
0) solution, there will be a-ve energy solution (E < 0) anqve energy seems
unphysical. This equation gives us the curvature in time of the wave function
(1 unlike the Schrodinger Equation, but we needboth Y and 1 to
specify state of a system. And finally, there is nothing in the solution of the
equation that would require or predict electron spin. In fact, it turns out that
the Klein-Gordon Equation describes the behaviour of spiess particle.

In 1928, Paul Dirac presented a new equation of relativistic quantum
mechanics that sought to overcome these problems. He thought of writing
the square of energy expression to be equal to something squared. So, he put
a linear function of fpby doing a dotproduct of a vector with figha constant
vector|pand another constantb with mcz2.

E2 = p2c2 + m20) = (ce8p+ bmc?)2= (clpx + dpy + dlhp; + bmc?)2
47 OEIPIEZAU 100 AGPOAOOEIT T Oh xA -00A
=1, and our formula of square of energy expression reduces to,

E2= (p2+ m2) = (Upx + Upy + Upz+ bm) (Upx + Upy + Upz+ bm)
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. I xh 1AO6O0 1 EOO All OEA OEET CO OEAO
should have, | | b%2= 1.

But the rule of cross product should also work; for that the 12 crosterms
in the above expression should vanish. For that, we have ttake the
following considerations:

aiaj+ajai=0,i |

and! i,
aib+bai=0

Thus, we can write the following expression as,
(axpx + aypy + azp-+bm) (axpx + aypy + azpz+ bm)
= N + N + n +b6m?
n 0 7  a)
Dirac realized, if a solution could exist, this can only be true if the-s are

matrices. In fact, the Pauli matrices satisfy just such relations. Each pair anti
commute and the square of each equals a (2 x 2) identity matrix.

_ TP o T Q
S;/S_pT[’ Sﬁ"QT[

Tt

. sz P
T P

And,
SYSy&-SySis
SYs#s - SHs s
SyS#5-S¥5ys

So, this equation may explicitly involve spin operators, implying that spin is
an intrinsic requirement of a relativistic theory of electron. But
unfortunately, we need 4 matricesik, U, G,and b There are only three Pauli

- PN ~ s o~

O

OANOEOAI AT 008 ) 080 bPi OOEAI Ah EI xAOAON

our problem.

We know,
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E = axpx + aypy + azp-.+bm

Now taking this solution and substituting energy andnomentum
operators, we arrive at the desired equation.

T Q1 Qr Qr aft
This is the Dirac Equation for a free electron.
Where,
m T T p
mTTmnee T
mTp T T
p T TT TT
T T TT
T 1T Q 1
T Qmn 1
MM nmn n 1
m 1T p T[—
m 1T 1T P
p T T T
m p TU T
p T T T
i mpe T T
mT T p T
T T 1T p

Notice that each of théJs contain two copies of corresponding Pauli matrix
and b contains two (2 x 2) identity matrices, one being negated.

But if we look closely, the Dirac Equation actually represents four separate
equations in the four different wave function components, ay is a four
component spinor [asU, U, Gand b all are (4 x 4) matrices]. lfy was a two-
component spinor, we could readily interpret one component as
corresponding to spinup and the other to spin down. But what are we to
make afourAT | BT T AT O T AEAAOe 7A60A O1 OOU
equations and then try to determine if this type of wave function
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correspol AO O Oi i AOGEET ¢ OAAlI 10 EZ EOG60 |
for a relativistic wave equation of the electron.

In nature it turns out that every fundamental particle has a specific spin

photons have s = 1 and so on) and others have halfid-integer spin s = %2,

ofch v¥ch 8 j AT AAOOT T Oh POI OTTOh TAOOC
and so on). The particles with haHodd integer spins are called Fermions and

those with integer spins are called Bosons. This difference in the rotational
properties of fermions and bosons results in profound differences in their
behaviour z it defines how they interact with each other. Bosons, for
example, are able to pile up in the same antum states, while fermions can

never occupy the same state. This ansiocial behaviour of fermions
manifested as the Pauli Exclusion Principle and is responsible for us having

a periodic table, for electrons living in their own energy levels and for madir
AAOOATI T U EAOEI ¢ A OOOOAOOOA8 ) O8O0 OEA
right now while reading this article.

, AG6 0 AT A OEEO OAiI T £AOOCET ¢c6 AEOAOOOQEIT I
xT OA xEAO OOPET & OAAI 1 U EOmagine akdlx OI
OPEITEI C AGAADPO EOGBO0 110 A AAT 1T AT A E(
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Translating Magic Into Science:
Cognitive Science

x Nandini Dutta
6th Semester, Depbf Chemistry
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O4EA OAEAT AAO E A O ke rAvArée/oi wihad ight hevie bedri T O,

expected. What was most remote from ourselves was first brought under the

domainof law, and then, gradually what was nearer: first the heavemsxt the

earth, then animal and vegetable life, then the human body, and last of all (as

UAO OAOU EIi PAOEAAOGI uq OEA EOI AT 1 ET A8
Z Bertrand Russell, 1935

We are in the midst of revolution. For ages, science has made great strides in

our understanding of the external observable world. Bt there are still many

O1 AT OxAOAA NOAOGOEI T O AAT 6O OOEA EOI Al
What makes mind so difficult to study is that it is not something we can easily
observe, measure or manipulate. The human brain contains 10 billion to 100

billion individual nerve cells or neurons. Each of them can have 10,000
connections to other neurons. This vast and complex web of our mind gives

rise to all the amazing mental phenomena, such as perception, memory and
language.

This new approach towards the new era of discovery of th@enknown
phenomenon of the brain has given rise to an interdisciplinary approach,
which has since become known aSognitive Science.

The main focus on the discussion about cognitive science should be its
interdisciplinary approach. It includes Philosophy,Psychology, Linguistics,
Artificial Intelligence, Robotics and Neuroscience. Each of these fields brings
in a unique set of perspectives. That is why it is a collaborative effort of
researchers from every field.

1 History:

In order to understand the overal approach of cognitive science,
we have to go back to the ancient Greeks, when remarkable
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philosophers like Plato and Aristotle tried to explain the nature of
human knowledge. At that time the study of mind remained the
province of philosophy until the nineteenth century, when
experimental psychology developed. Wilhelm Wundt and his
students initiated laboratory methods to study mental operations
more systematically. Then it became dominated bfehaviourismd

a view which denied the existence of mind. Aording to
examining the relation between observable stimuli and observable
AAEAOET OO0A Bo baskaly ihd tapik af 8omsciousness and
mental representation was banished from the disussion.

Around 1956, the whole intellectual platform began to alter. George
Miller summarized various studies which revealed the capacity of
human mind is limited, with short term memory.

He proposed thatmemory limitations can be overcome by recoding
information into chunks. At this time primitive computers had been
around for some years, but John McCarthy, Marvin Minsky, Allen
Newell and Herbert Simon were finding the ground for Artificial
Intelligence. Noam Chomsky rejected the behaviourist assumptions
about language as a learned habit and proposed to explain language
comprehension in terms of grammars consisting of rulesGeorge
Miller, John McCarthy, Marvin Minsky, Allen Newell, Herbert Simon
and NoamChomskyz these six thinkers are considered to be the
founders of Cognitive Science

1 Methods and Representations:

For us to understand what cognitive science is all about, we need to
know what its theoretical perspective on the mind is. The
perspective centres around the idea ottomputation , which is
alternatively called Information Processing . Cognitive scientists
view mind as some sort of processor. Processors have to represent
and transform information. Think for a minute about your personal
computer or laptop. It performs a variety of information
processing work. Data gets into the computer through some input
device like keyboard orMODEM The information can be stored in
hard drive or disk. It can be processed by using software. It can
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serve as output, either to the monitor or to the printer. In this way,
we can think of people performing on commands. Of coursthe
comparison between human mind and computers is highly
abstract. But both systems are characterised by computation.

To study deeper into it, it is important to know about
Representation . Representation is fundamental to cognitive

science. But what istl? Well, it is a concept that stand for a single

entity or group of entities. The fact is that representation stands for
something@ Ui ABI RA® AGAI bl Ah $3hH 1 ADE £RA
itself is not money but is used to represent it.

1 Interdisciplinary Perspective:

Let me demonstrate howperspective works. We all know all these

I ACAT AAOU AAOAAOEOAOG T EEA O"UliEAC
into life by writers. What do they do when they are investigating a

crime scene or any mystaous incident? First, they observe.

Observe the silence and the sound. They try to find clues, ask every

person who are related to the incident or to the victim by any

means. All the interrogations represent different perspectives,

motives and reasons. Sdhey investigate thesituation from every

angle. Then they start to put the hints and clues in order, slowly
unfolding the mystery.

So, the key to figure out something as mysterious and complex as
mind is communication and cooperation among disciplines. This is
what is meantwhen someone talks about cognitive science not
the sum of disciplines but their active interaction.

Try to understand this dialogue from the movie adaptation of the
T1TO0A1T 021 UAT "AT CcCAl 2AEAOEUA6 AU
to Lalmohan Ganguly(¥au always first choose a suspect as criminal

and try to find a reason for the crime as per his possible motive
whereas | try to investigate the pattern of the crime at first and then

try to find the criminalg 6
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1 Interdisciplinary Approach

Scientists hae mentioned some of the different approaches in
cognitive sciencez

A The Philosophical Approach:

Philosophy is the oldest

Cognitive

approach Of a”. Thls pPsychology Psychology Neurobiclogy

approach is free to = /,

Philosophy

study virtually any sort ST
of important question inteligence
on virtually any subject LS?i“eTc?f\ “Sdenee’

ranging from the nature
of existence to the
acquisition of knowledge to politics, ethics and beauty.
Philosophers often narrow their focus on specific questions
Il EEA O7TEAO EO [T ETAedh O(T x Al

N

O(ix EO 1Al OAI ETT xi AACA | OCAI E

A The Cognitivpproach:

Starting in 1960s, a new form of psychology arrived on the
scene known as, Cognitive Psychology. It came into being a
part of the backlash against the behaviouristic movement
and its profound emphasis on behaviour. Cognitive
psychologists adoptel the computer as a metaphor for mind
and described mental functioning in terms of representation
and computation. They believed mind is like a computer that
could be understood in terms of information processing.

A The Evolutionary Approach:

As per Darwin, according tothe rule of Natural Selection,
natural selection holds those adaptive features that enable
the animals that possess them to survive and pass these
features onto the next generations. The evolutionary

88



approach can be considered in a general ay where it
applies selection theory for human mental processes. It
attempts to elucidate the selection forces that acted on our
ancestors and those factors gave rise to the cognitive
structures that we possess now.

A The Linguistic Approach:

Linguistics is an area that focuses exclusively on the
languages. This adopts electric methodological approach.
Language researchers do experiments, employ computer
models, study brain damaged patients, examine how
language ability changes through time andcompare
different languages.

A The Emotion Approach:

(OI AT O AT1T60 EOOO OEET Eh OEAU
consists of emotions such as happiness, sadness, anger etc.
Recent works have produced a wealth of data on emotions

and how they influence our houghts. Artificial intelligence
investigators have formulated models of how computer can

compute and display emotional behaviour. There are robots
who can have an emotionally meaningful conversation.

A The Social Approach:

Because we live in a society, dividuals are strongly

influenced by the social environment. This field is to explore

how we think about ourselves and other people. We also
Ail160 OEETE AAT OO T AEAAOO OEA >
animals. This talks about the ability to understand other
PDAT P11 AGO [ ET AOS 4EA AAPAAEOQU
autism. To summarize, we have to work on social cognitive
phenomenon:  Attitudes, Impression,  Attributions,

Stereotypes andPrejudice.
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A The Artificial Intelligence Approach:

Al gives us an idea on how incorporating human mental
information into devices can make the device perform a
task. An even more exciting area of Al is that we may be able
to create an artificial person consisting of bman
consciousness, ability to make decisions and so on
(Friedenberg, 2008).

A The Robotics Approach:

Finally, talking about robotics, it may be considered as a part

of Al but both are slightly different. Whereas in Al we make
AARAOEAAO xE OE ERErdbAtiCsUrobbs canh® E E

| AAA xET AAT AAOOGAIT T U OAAOG8 )1
mechanical devices which are able to physically perform a
commanded act. As for example, navigating around a room,

manipulating parts on an assembly line andefusing bombs.

As we are stepping in an era of science and technology, it is important to
acknowledge that our visions are limited but it should not be. The world is

much more than we can see, hear or feel, much more to discover and much

more to envision. And the thrilling partis itis all an art as saidby Christopher

Nolan,O0) £ U1l O86 OA CIEIT C O DAOA&AI Oi Al EITAZ
need the simplest version of the idgdhe one that will grow naturally in the
OOAEAAOG6O | ET A8 30A0I A A0OOS8SG
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Superconductivity and Its
Applications

x Shreya Mahato
6th Semester, Deptf Physics
J.K. College

As we all know, if we change the temperature of a conductor, its resistance
also changes the same way at the same rate and wvigersa. But what if the
conductor was cooled down and taken down to the temperature of absolute
zero (-273°C or 0K)?

Dutch physicist Heike Kamerlingh-Onnes pioneered work at very low
temperatures and was the first person to liquefy helium. In 1911, during an
experiment he saw that theelectrical resistance of a sample of mercury

] ¥ suddenly dropped from 0.08 ohm
at about 4 K to less than 3x 106
ohm over a temperature interval
of 0.01 K. To test the vanishing of
the resistance,Kamerlingh-Onnes
devised an experiment. He took a
closed circuit of a mercury wire
and caused a current flow around
the circuit. With this arrangement, the current should have died out quickly
because of the resistance. But he found out that the current would persist as
long as the wire was kept cold. This discovery opened up a new frontier in
sciencez superconductivity.
I x TAO8O AT T A O OEA OAA®DpeifectArgstalET A O
there is a regular arrangement of
atoms. It is very conveniat to
imagine points in space where
these atoms are located. Suct
points in space are called lattice
points. These points, spread over a
space, form crystal lattice or space
lattice. The atoms in the lattice points are bound to their adjacent atoms.

Lattice point
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Therefore, displacing one atom from its equilibrium point creates a lattice
vibration in its whole neighbouring zone.

In quantum mechanics, these natural vibrations of a crystal lattice are
assumed asquantized particles, called phononsA phonon is a collective
excitation in a periodic, elastic arrangement of atoms or molecules in
condensed matter They can be thought of aguantized sound waves, similar
to photons as quantized light waves According to the BCS theory,
superconductivity occurs when two electronsform a pair and interact
through phonons as mediators. But this seems highly illogical. Electrons are
negatively charged particles and they should repel each other by their very
nature. So, what happens here exactly?

This is where the phonons come in. Whean electron approaches a positive
lon core of a crystal lattice, it suffers a coulomb attraction and distorts the
nearby region of the lattice towards it, thus creating an electrically positive
zone. At this moment, another electron comes after it anddés attracted by

P i & .-'_'\_
- + + Yo

o N _.L\\ L._._____‘_-I r__“_____._l r._._,_,..-----""

‘.'b-C'I electran chases

& — e
pasitive charge

l-._______‘[,-' =,
oo ~—@-

Caoper pair

Cooper pair
the distorted lattice. In another way, the first electron here is actually
influencing the second electronTherefore, we can say that the electrons are

weakly bound together by the lattice. Two such weakly bound electrons are
called Cooper pairs.

When a regular electron moves through a lattice, it collides with the lattice
points, and thereby experiences resistance. In case of Cooper pairs, they act
like a single particle and instead of causing collisions, thiattice actually
helps them to move forward. This is why they experience almost no
resistance and the crystal becomes a superconduct@o, superconductivity

IS just a strange quantum dance between cooper pairs and phonons.
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Superconductivity is found to occur in many metallic elements as well as
alloys, intermetallic compounds and doped semiconductors. The first
characteristic property of a superconductor is that itelectrical resistance is

practically zero below a weltdefined temperature T, called thecritical or

transition temperature. The transition breadth, as shown in figure, may
increase if the sample is impure, but the .
smallness of the resistance in the i e
superconducting state appears to hold for all Transition point of Helium
superconductors. The range of transition & *"[
temperature is best confirmed at present,

extends from 90 K for the compound YB&L WO,

to below 0.001 K for the element Rh. Som
materials only become superconducting under
high pressure; for example, Si become: o —t—et—"—7

superconducting from at 165 kbar and at E = T (K)
8.3 K.

resistance (Q)

0.05 p~

The applied magnetic field is also something to consider while taking a
conductor into its superconducting state. Superconductivity willdisappear
if the temperature is raised above §¢, H,
or if a sufficiently strong magnetic 1
field is applied. It is also interesting to
see that the magnetic energy required ~ Superconducting
to raise the electrons of, for example, H(IQ/W“C
Pb, from the superconducting to
normal state is only oneten
thousandth of that required energyto N o _

. . The critical magnetic field at which
normalise the superconducting state superconductivity disappears
by thermal energy. The temperature
and magnetic field can be reasonably understood by the following relation,

normal conducting state

v

o 0 Y
P N

where, His the maximumcritical field strength at the temperature

T; Ho is the maximum critical field strength occurring at absolute zerpTcis

the critical temperature.
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T=T, T =T, Superconductors show a very
S /,/'T:’J—L: 'x\ interesting phenomena under the
c"r* influence of an appliedmagnetic field.

E When kept inside a magnetic field,

‘l_. magnetic field lines simply go through a

| conductor. But as a superconductor is

1L EE ) cooled past the critical temperature in a
L. \\\ /{Kﬁ magnetic field, the field lines inside the

Meissner Effect material are abruptly expelled. This
happens because when a superconductor is cooled in a weak magnetic field,
persistent currents arise on the surface and circulatelhese currents arise
because when a substance with mobile charges is in a field, the charges
reorganise themselves so that thdield is minimised in the substance. A
superconductor has zero resistance, so any slight change in a field effecting
on it,will be balanced by the change in position of its charges. The movement
in charges results in a currentThis creates mirror imagesof each pole of the
magnetic field, thus repelling the field lines. This is called théeissner effect

Meissner effect leads to a very exciting practical application of
superconductivity, called levitation.
Levitation is the process by whib an
object is held aloft, without mechanical
support, in a stable position.We saw
that a superconductor will repel the
applied magnetic field. So, if we put a
v — small magnet over a superconducting
Levitation material, it levitates. Due to the
repelling force of the siperconductor and gravitational force, the magnet
hovers just above the superconducting material. Superconducting levitation
has shown to have great promise in modern day technology.

One of the many technological marvels brought bguperconductivity is
superconducting magnetic
levitation train z or in short, §
SCMAGLEV train. Develope
by Central Japan Railwaygs
Company for over 50+ years,” = S tunan
the SCMAGLEV train is a truly MAGLE

tréin
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transformational transportation technology. The current SCMAGLEV tnai
knownasthel-mh ET 1 AO OEA ' OET T AOO OAAIT OA
train z clocking at 603 km/h!
The concept behind SCMAGLEYV train is fairly simple. The superconducting
magnets employed on the train can generate magnetields up to 10 times
stronger than ordinary electromagnets. These magnetic fields interact with
simple metallic loops set into the U
__sam\,  shaped concrete guideway. These
S [ =y —7 1 loops get three im!oortant tasks
\ ' // /| done: one creates a field that makes
— ZOW “—{ /| thetrain hover about5 inches above
the guideway, a second keeps the
train stable and the third creates
propulsion. The first two kind of
loops use magnetic repulsion to
keep the train car in optimal spot; the further it gets from the centre of the
guideway or closer to the lpttom, the more magnetic resistance pushes it
back.

Levitation and guidance coil

' #Wheel suppd’;*t A/ 7 '
(path 4y AL

MAGLEYV track

Because of the floating magnet design, even though the train travels at a
speed of 375 miles/h, the passengers inside feel no turbulence. The U
shaped guideway surrounds the trains on both sides, making free from
derailment.

Superconductivity is also of quite big importance in medical sciences. Inside
the MRI (Magnetic Resonance Images) machines, there are superconducting
coils that creates very strong magnetic field. The strong fields forces interact
with the magnetic moments of protons and forces them align with the field.
Then short bursts of radio waves are sent to certain areas of the body,
knocking the protons out of alignment. Then the radio waves are turned off
so that the protons realign. This ends out radio waves which are picked up
by receivers and an image can be mapped.

As we know, supercurrents suffer no resistance. Therefore, there is no
power dissipation, too. This is why superconducting power cables are used

for power transmissions. UsirC OOPAOAT T ABAOEOEOUN
transmission bandwidth increases 167 times as operating frequencies will
eventually move from 30 GHz to 5 THz (5000 GHz).
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After its discovery a little over a century ago, scientists are able to use
superconductivity in strong magnets, in energy storage and transmissions,
transportation, electronics and many more cases. Superconductivity has
proven to play a vital role in modern day technology. Even though it is a work
in progress, newer discoveries with high temperature gperconductors like
YBaCwOr, H31201, Hg1212 etc. has made working with them even easier.
Each new superconducting material offers scientists an opportunity to get
closer to understanding how hightemperature superconductivity works
and how to design n& superconducting materialsto advancetechnological
applications.

References:

A Introduction to the History of Superconductivity by Charles Slichter
A Solid State Physics by S. O. Pillai
A How MAQ.EV Works
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An Asian Elephant Imitates Human
Speech

~ Sushrita Das Modak,
4th Semester, Dept of Zoology
J. K. College

9 Introduction:

Vocal imitation has convergently evolved in many species, allowing learning
and cultural transmission of complex, conspecific sounds, as in birdsong.
Scattered instancesof vocal imitation also exist across species, including
mockingbirds imitating other species or parrot and mynahs producing
human speech.

A scientific investigation has conclded one elephant has learned to speak at
least six words of Korean.

1 Description of the Asian Elephant:

An Asian male elephant Elephas maximugsin the Everland theme park in
Yongin, South Koreanamed Koshik who was born in 1990 can imitate
human speech. He could imitate words in Korean that can readilge
understood by those who know the language. The elephant accomplishe
this in a most unusual way: he vocalizes with his trunk in his mouth.
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91 Description of his Vocalization:

4EA Al ADPEAT 060 OI AAAOI AU Ai 1 OEOOO 1 £
on November 1 in Current Biology, a Cell Press publlcatlon) Those words
ET Al OAA OAT T U'Fa 3

OAT EA6 j OEO A
Al xTgh AT A OA
51 OEI AOAIT Wguage
skills may provide important

insights into the biology and
evolution of complex vocal
learning, an ability that is |

critical for human speech and £ ' S8 =7 | e ™0 iy =80 o7
music, the researchers say. S Simod) Crime " rime (::a

~ o S

C  Tamer D Koshik E  maleKorean _

S

)
%

Frequency (kHz)

T+1 OEEEGO 3PAAAE 001 AGAOET T AT A &
A formant is a concentration of acoustic energy around a particular
frequency in the speech wave Particularly during vowel production,

Koshik® first two formants accurately match formant 1 and formant 2 of his
trainers.

Comparing means of the first and second formant with the coesponding

human formant of the most commonly recorded vowels@§ ©§ and Q§

revealed no significant difference between the elephant and the human

i TAAT 08 +1 OEEEG6O DOAAEOA EI EOAOEIT T+
trainers is remarkable, given hat the long vocal tract of an elephant would

naturally produce much lower formant frequencies. Koshik creates these
accurate imitations of human formant frequencies by placing his trunk tip

into his mouth (always from the right side).

During phonation, heraises the lower jaw while keeping the trunk inside the
mouth, thus modulating the shape of his vocal tract. The elephant removes
the trunk from the oral cavity about 0.4 0.23 s (n=50) after phonation.
There is no considerable difference in the timingof trunk insertion and
removal between the different imitations.
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T#11 PAOEOIT 1T &£ OEA %l APEAT O
speech and natural Asian elephant calls:
Researchers applied discriminant function analysis (DFA) to compare

- N ~ ~ o~ A~ ~ s~ - ~ s o~ A

Ou

~ pa - PN s o~ -

OOOOAODOOAT AEAOAAOAOEOOEAO 1T &£ +1 OEEE

Elephant calls (using A

B

duration, minimum and s | oo

maximum fundamental e F \
frequency, and the first 21 é’o_e v O
formant/spectral peak £, % E . -
frequency), finding that o %02} &

+1 OEEESO EIEO [, .y s
different from 187 calls and Flincion! TR S

22 Asian elephants of both genders and various ages recorded in five
different zoos and in the Udawalawe National Park, Sri Lanka.

T2A0AAOAEAO '1TCAT A 301 ACAGSE®D O 3¢

Imitation:

Human speech basically has two
important aspects, pitch and timbre.
Intriguingly, the elephant Koshik is
capable of matching both pitch and
timbre patterns: he accurately imitates
human formants as well as the voice
pitch of his trainers. This is remarkable
considering the huge size, the long vocal tract, and other anatomical
differences between an elephant and a human.

For one thing Stoegersays, elephants”
have a trunk instead of lips. While their
large larynx can produce very low
DEOAEAA OI O1T Ah +10

Frequency (kH2)
+
H
Hll—

m
HIlH

HIlH

HIlH

vavavava

AEAGAAGAGEOOEAO 1 A[L == [ RunedOAEI

Ol EAAO8 ! OOOOAOOQQ * =om = <o = /£ +]|

speech siowed not just clear similarites £ . . . " £
ooy | || e
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to human voices, but also clear differences from the usual calls of
elephant.

9 Why Koshik adopted this unusual Vocal Behavior:

)y 060 110 Alipl AGATU Al AAO xEU +1 OE
behaviour, but the researcherssuggest that itmight go back to his days

as a juvenile. Koshik was the only elephant living at the Everland Zoo in

South Korea for about five years, during an important period for elephant

bonding and development. Humans were his only social contacts.

Koshik started to adapt his vocalizations to his human companions to
strengthen social affilation, something that is also seen in other vocal
learning species.

9 References:
A https://en.wikipedia.org/wiki/kosik_(elephant)

A https://www.sciencedaily.com/releases/2012/11/121101121534.htm#:~:text
=An%20Asian%20elephant%20named%20Koshik,those%20who%20know%20
the%20language&text=%22Intriguingly%2C%20the%20elephant%20Koshik%
20is,voice%20pitch%200f%20his%20trainers

A https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3548412

AhttDs://Www.researchqate.net/publication/232811465 An_asian Elephant Imit

ates_Speech
A https://www.nationalgeographic.com/animals/article/121102 -korean-
speaking-elephant-talk-human-scienceweird -animals

A https://www.voanews.com/east -asia-pacific/researchers-verify -elephant-
mimics-human-speech

A Journals by: Angela S.Stoeger, Daniel Mietchen, Sukhun Oh, Sherin de Silva,
Christian T.Herbst, SoowharKwon and W. TecumsehFitch.

s

A An Asian Elephant Imitaes Human Speech, Current Biology, 2012.
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Lastly the most massive of all elementary particlesop quark which charge
-Q It derives its mass from coupling to the Higgs bosons and decays into

bottom, strange and down quark.

%l AAOOIRPONAOGEEBEARBROROE AAIAA @1 EOE®IAIOGDHE
AT AAOOT I ACTxRAEA MAEIOAMRA AT A ICAONVGERGADET 1T
AEEAAOAA AU OO i AGGEHIOMN | Gedich ABEGROA SOE AT E
l APDOT 1zIiOACEA@A | T £ OEAIT E A@A "AN AAAGOADE A
OEAEO COARAORAIO BMOOOAPEATI U AEAT CA ET OI
I AOOOETT O OEOI OCE A DPOI AAOCO mOE AARO ABAI
o OUBDAOOCO#ITAAOOTIT 1T AOOOET 1 AO 110A ®0O @ KAIGIO
T AOOOET IAHA EAA BOVMOOEAT A OEAO EO OAOU C
Al AAODOEA AEAOCA AT A A OAOUADI AR AU | A®O
iT60 AAOT AATO PAOOEAIT AO ET OEA O1 EOA
ET OAOCAADPEI 8 D@AOAOh EO EO T AAOI U EIi PT 0O
OEA OGOOBIAIUBI T O T A&# 1T AOOOETT O ET OAOAAO
OAA& '11 1T £ OCEAPAEBDAD@BEIT D8sEAOA
SAEATEQERG® AA A OAAT A T ANEOODBRADAT 041 AP,
OEQARAOOT IAQIMAMRRBAE AT A OOETAAEGE EBROOA A
AOEI AET ¢ Al TAEO T &£ Ol EOAOOGA8 YO Agbl Al
OEA ET AoDA&® A OAA AAOQN BI@ OmIALICEAAT AL
NOAOEO AT A 1T ADPOTT O AT A ET OOT ARDMOEGRHC C
IADOT 1T & QNTTAO8 "1 0110 EAOA EBGADA® hODEI
c8ghOO OEAOA AOA AT 1T OEAO COI OBPET BAEAAO
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Standard Model of Elementary Particles
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Two types of elementsz bosons and fermions
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~ Manas Kr. Mahato,
4th Semester, Dept. Of Botany
J.K. College

Nowadays,CAT AOAT T U UT & AAT 60O AETA AT UITTA
about rainforests anddinosaurs due to daily broadcasting of many wildlife
channels likeNational Geographic, Discovery, Animal Planet et®f course,
lots of credit goes to JurassitVorld movies. But what business dinosaurs
have with tropical rainforests? Actually, not with the dinosaurs but with the
dinosaur-killing asteroid, tropical rainforests have lots of business
Assuming tropical rainforest, almost everyone would imagine those brilliant
flowers lush-leafy canopies, dense&lark understories where predators and
3 - prey play hide and seek. On the othiénand,
if we talk about dinosaurs we can only see
them in JurassicWorld movies. And, we
have no other option. Of coursgthere are
1T00 1T &£ AAIT ET 1 00AODGI C
enough. In those movies, we oftersee a
searching team roaming in dense jungle in
trace of a dinosaur, fled from the park.
, Footprints of that dinosaur are spread out
Amazon Rainforest here and there but not a single trace of that
giant body. Suddenly, shocking everyone, a
huge vibration comes out from a largedense bush beside them and one
could see an awkening brick-redden burning eye from a gap of the bush.
But what if it happened 7680 million years ago, in that dinosaur era, what
would have been the image theRThe scenarios that we have been shown in
movies; most of thatwhich thrillus, AT 1 6 0 Z£ZEO &I O OEA AET I
EOCA AEAEAOCAT AAO AAOxAAT OeaphfOresEOAd O [
rainforests z whatever it is.

It turns out that, what we are used to imagine about rainforest, those jungles
tunicated by pitch darkness,giant flowers, broadleaved treesz none of
these things were true. Salience of Northern South American rainforests,
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before the asteroid hit it, wiped out the dinosaurs which rammed into the
earth years ago.

About 66 million years ago, a 1Z&xm wide massive asteroid, the size of
Manhattan city, slammed into present day Chicxulub, Mexico, igniting
wildfires and a cloud of dust and ashesg N R
darkened the skies for years, triggering the| il ¢ o
extinction of dinosaurs. A new study,
published in Scienc&examined plant fossils £
from present day Colombia to shw how one
catastrophic event transformed tropical B
rainforests. It explores how the secalled
bolide impact at the end of the Cretaceous
period paved the way for the evolution of :
our modern rainforests, the most diversed These leaf fossils from Colombia forn

| h in the Paleocene epoch, after an
terrestrial ecosystems on earth. asteroid impact led to the planet's fift

mass extinction event. (Fabian
For the study, researchers analyzed Herrera)Credit:Carvasho ot Y

thousands of samples of fossil pollen, leave al..Science2021

and spores collected from various sites across Colombia. Leaf fossils are
hugely informative but relatively rare. They can usually be identified to the
species level and reveaother things such as which plants lived in a
particular area, how much sunlight a plant got or which types of insects sits
on its leaves. Pollen, on the other hand, can often only be identified to the
family level and might have blown in from a long wayoff, making it less
reliable as a localized census. On the other hand, Fossil pollen grains are
abundant and easy to find in an array of different sedimertypes spanning
nearly in all time periods. Collecting10,000 of fossil pollen grain from 39
different sites allowedJaramilloand his team to fill in the missing millions of
years right around the mass extinction. Over more than a decade, Jaramillo
worked with his collaborators and trained several crops of South American
researchers to excavate and cabague the ancient flora of their home
continent, amassing more than6,000 fossil leaves and more tharb0,000
grains of fossilized pollen. The researchers analyzed the samples to
determine which type of plants were dominant, the diversity of plant life,
and how insects interacted with plants.
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According to research, after the Chicxulub incident, most of the remaining
plants died and threefourths of all the living species went extinct.Leaf
fossils and Pollen found in Colombiajuring the age of dinosaurs andbefore
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Morphospecies
A graph showing the rise and fall of species diversity in the South Americ
tropics on either side of the asteroid impact that caused the -@netaceous
extinction event. On the right are a pair dfustations showing the differing
forest structures that defined each epoch. (Carvalho et al., Science 20z

the impact on rainforests, were very different to how they looked today.
Rainforests were formed by Monkeypuzzle tree flowering plants and
abundant ferns. Trees grew widely spaced from each other allowing sunlight
to reach the forest floor. Thereiled large dinosaurs and plenty of insects fed
selectively on leaves. The impact of that giant asteroid changed it all. Nearly
half of plant species in the tropics went extinct and a new type of rainforest
began to grow. It had fewer numbers of species mbf which were
flowering plants. Monkey-puzzled trees disappeared and only a few ferns
remained. Trees grew competing for light. They formed dense forests in
which plants with different growth habit evolved. The forest floor was now
darker. Large dinosaus went away and insects fed indiscriminately on all
available leaves. Trees such as legumes, Kapok trees, Figs and Laurels
became abundant just like we see in tropical rainforests today.
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Before STRI (Smithsonian Tropical Research Institution)in Panama

Ai T AOAOAA OEEO OAOAAOAEh OAEAT OEOOO A
rainforests of central and South America had once beeklonica Carvalhg

the study ccauthor from the STRI, examined temof thousands of fossils in
Colombia to understand how the plant life in central and South America

shifted from before and after the impact. Her team dlscovered that the type

of vegetation AT | POEOET ¢ OE

forests drastically changed after the incident. s“z
Before the crash, widely spaced conifers andg
ferns filled the region, allowing in large ==
amounts of light, the Post reported. o=
Examining more than 50,000 fossil pollen|
records, the team discovered that after
extinction of so many species, about 45% o
plant diversity (particularly seed-bearing
plants) due to that asteroid hit, flowering In 2007, ceauthor Mauricio Gutierrez

plants called angiosperms took over as thecoliects fossil leaves irds a coal mine i

forests recovered during the next six million Colombia. ( Courtesy of Carlos Jaramil

years. Thee filled in where other species had

gone extinct, leading to the® AE CT 1 Aan HHRI predg@easdemoted.

Leaf data from more than 6000 fossils shows that the thick, dense tropical

AATT PU AOOT AEAOAA xEOE O1 AAUG®rtheAET A&l
impact. . The data suggests that the spatial change from relatively open to

closed and layered, it led to increase in vertical stratification and a larger
diversity of plant growth forms. As trees grew taller and closer, they partially

blocked the sun, allowing different species of flowering plants to flourish.

4EA OOOAU EI PI EAOh OEEO EO EIT x xI1 Ol Abd
the tropical rainforests teeming with bright bromeliads and abundant

orchids developed.

As for why, the scientistsgave three hypotheses about how did that
AROAOOAOGETI T CAOA OEOA O1 OI AAUBO OAET ¢/
91 Dinosaurs had kept forests open by moving their large
bodies through the vegetation. When they disappeared, the
forests could grow denser.
1 The ash from the impact enricled the soil, favouring faster
growing flowering plants.
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9 The extinction of tropical conifers enabled flowering plants
to take over the niche.

7TEEI A OAEAT OEOOO AOAT 60 OOOA xEEAE O
created modern rainforests. The STRI releds A @D 1 Ane Isgasdr O
canopies of the preimpact forests, with fewer flowering plants, would have

moved less soil water into the atmosphere than did those that grew up in the

millions of years afterward. This increased humidity and cloud coverage,

maki C OEA AOAA | OA BedidésQAguBelrbes, @ dothinadiA 8 6
AAAOOOA ET O1T AAUGO OOI PEAAI OAET £ OAO«
their roots, fix nitrogen into the soil. Without these shifts in forest spacing

AT A T AEAODh @duld AalseddéveldpediliffeteOiis.

At the end, we simply can say whatever the reason, the study gives the
AOGEAAT AA OEAO 1 EZA AOGAT OOAT T U E£ETAO A
AET AEOAOOCEOU 1T &£ AT 1 OAI T OAOU OAET & OAC
under serious threat from human activity. Record says, The Amazon saw its

highest rate of deforestation in 12 yearsduring 2020. According To the

Brazilian Amazon Deforestation Monitoring Program, Amazon lost its 150

acre area, equivalent to about 114 football grounds per minute invery day.

If enough trees are felled, much of the forest would pass a tipping point at

which it would no longer be able to make its own rain and would degrade

into grassland. As for why, biodiversity is also under threat to such an extent

that scientist have said that we are in the midst of the sixth mass

extinction.

,EEZA 11 AAOOE AAOOEAO 11 AOO AThei 00 |
planet has seen thousands of species come and go, and eventually, new
species will evolve, but we know this takes iilions of years. The real

guestion is whether we, as humans will be able to survive the drastic changes

we have created on our own planet.
* AOAT E1 it took Gubwh® seve® million years for tropical forest top
regain the amount of biodiversity eartlihad before the asteroid hit. We can

expect a similar lag if we wipe out the unique species now flourishing in the
Amazorp 8
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AERAl OES$ AORI ADEOAOOA

~ Miten Mahato,
6t Semester, Dept. of Physics

J. K. College

In order to understand the ultimate darkness of universe (heat death), we
must have some knowledge and intuition about the laws dfermodynamics.

1st law of thermodynamics states that if we give some amount of heat into
a thermodynamic system then one part of it changes the internal energy of
the system and another part do some work. Mathematically,

1097 Y] ®

Where,] Q = the anount heat given to the systeni, U = change of internal
energy (i.e., vibration energy, translational energy, nuclear energy,
electronic energy, bond energy etc.) of the system andV = work done by
the system.

Basically It law states the principle of cmservation of energy.

To understand the 2nd law of thermodynamics h 1 AO08 O AT A
experiment z imagine you are holding a hot cup of tea, what will happen?
Your hand will gradually become hot and the cup will cool down, means heat
will transfer from the cup to your hand automatically (no mechanical work
done required). But why it is happening? Why heat does not transfer from
your hand to the cup of tea? If it was possible, then your hand will become
more and more cool and the cup of tea become more andore hot, but it
does not happen in reality. Means heat transfers from high temperature to
low temperature automatically, but why? Does there exist any physical
guantity, for which such process occurs? The answer is yes, and it is because
of the entropy ofthe system.

Any natural thermodynamic process will occur in the direction where
entropy of the system increases: this is the "2 law of thermodynamics.
Mathematically,Y'Y =Y m ( AOA OEA OARNOAI EOUBE  «
OAOAOOEATI A j EAAAT Q POT AAOO AT A OEA OC«
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But what is entropy? In simple sense, entropy is the degree of disorderness
or randomness of the system. By increasing entropy, the total available
energy (which can be transferred into work) of the universe decreases with

time. Our stockpile of the available energy in the universe is continuously
decreasing by the way of conversion into a disordered form, called the heat.

3d law of thermodynamics states that the entropy of the system at
absolute zero temperature is a weldefined constant. This law explains that
there is no negative temperature in Kelvin scale.

Heat death:

Heat death is the phenomenon in which all the process eventually stops, no

further work can be proceed due to irreversible nature of entropy and time.

For universe, heat death is defined a®A OOCCAOOAA &1 OEI A«
universe in which the universe has diminished to a state of no
thermodynamic free energy and therefore can ntonger sustain process that

AT 1001 A AT AOcud j 20AT 1T £ #1 AOOEDOOQS
According to 2d law of thermodynamics heat flows from a hot body to a cold

Al Augs , A0G6O OAuUh 1 AiT061 0 1T &# EAAO EO
temperature to reservoir B at temperature b, and b be the available lowest
temperature of the universe.

T1>T2>To Universe at temperature b
Reservoir Reservoir B
A at temp. » attemp. T,
T1
System
Surroundings

&1 O OA OA £y Qit id ngativeSbecause heat flows out from the
reservoir.

&1 O OA OA O is'pbkitidé Because heat flows into the B.
Hencetotal change in entropy,
Y3 EACY ¥ 3
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Slls.miverse: Q/TZ Z Q/Tl

-1 =

Sincet>T:h ¥3 € n AT A OEA DPGITAA®O EONEOOL
processwill be reversible. If i< T:h Y3 EO 1 ACAOEOA xEEAE
all cases, there is a tendency inherent in nature to progress towards a state

of greater disorder.

Now, with respect to the lowest temperature of the universe d, the
maximum amount ofavailable energy for work for reservoir at b is, Wo= Q

where = (17 To/ T2),
the fraction of heat converted into work in L is, (1Z To/T 2) Q

If conduction is not occurred, then the maximum amount of available energy
for work is, W1= (17 To/T 1) Q

Snce T1 > T, hence W> W,. Thus, an amount of energy has become
unavailable for work due to irreversible process of conduction. If E is the
available energy, then,

E=WzW:
= Q (LTo/T1) 2 Q(1-To/T 2)
=To(Q/T22QIT1)
= ToYSuniverse
C % 1 EW2Z ToYSuniverse

Note that this is not loss of energy or violatiorof 1stlaw of thermodynamics,
rather it is the unavailable energy (which cannot be transferred into work)
for the increase of entropy of the universe.

Since allnatural process are irreversible, hence the energy of the universe is
continuously becoming unaailable for work. The increase in entropy of a
system and its surrounding occur in all aging process, whether in living
organism or nonliving organism. There is no doubt which condition is prior
in time z youth or maturity, structure or erosion. One condion always
precedes from order to disorder form. Hence entropy always increases
during aging processes. In short, entropy is arrow of time. Furthermore, the
arrow has only one direction, it points forward, into the future. Entropy
always increases with ncreasing in time and at equilibrium state, entropy
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will be maximum. System and surrounding together form the universe. Since
universe itself is an isolated system, we can conclude the entropy of the
universe increases with time.

E 8 Aufi}v&;se>@ 3

Entropy decreases locally at some region within isolated system, but mostly
compensated by a greater increase in entropy somewhere within the system.
So effectively, in anirreversible process, the entropy increases. If the entropy
of an isolated system vdes with some parameter X (time), then there is

certain value of X which maximize entropy — 1 and represent the

equilibrium state. The system is then set to be existed at the peak of entropy
hill. When the system is in equilibrium any conceivale change in entropy
would be zero.

S’T]aX
Entropy (S)

v

X (time)

As shown in graph, if the universe reaches at the state of maximum entropy
or the equilibrium state, then the universe will cool down and no further
work can proceed. All the stockge available energy will be converted into
unavailable energy; this is known as principle of degradation of energy.

In the case of the sun and most other stars, the out flow of heat can continue

for many billions of years but it is not inexhaustible. Andr AT OOAO0B8 0O E/
generated by nuclear process in its interior as we shall see sun will
eventually run out of fuels and unless overtaken by event. It will cool until it

reaches the same temperature as the surrounding space for whole universe.

This processwill occur, so that there will be no more energy or no sufficient

energy available for the birth of new stars, further in the future.

There will be no stars or galaxies to form a new life. There will only remain
some amount of matter and blackoles. The black holes will start to pull all
the matters of the universe into themselves. At 10° years from BigBang,
black holes themselves will evaporate due télawking Radiation .
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Before the BigBang, there were no stars, no galaxies but only an infia
dense point called singularity.

At the time of BigBang, 13.8 billion years ago, the universe was like a hot
soup of particles and the temperature was enormously high enough to
produce all the particles and antiparticles that we see now. 18 s afterthe
Big-Bang, temperature of universe became 20 K. From that, the
temperature of the universe is constantly decreasing. Now the average
temperature of the universe is approximately 2.73 KZ270.27°C), based on
measurement of cosmic microwave back groundadiation. It means the
universe is cooling down towards the absolute zero temperature.

PR R A A s . . A ~n s .
#EAT CA EI AT OOT DU lndme =OEAwhetel EO An@IOA  E(
temperature of the universe and this temperature T goes towards the
absolute zero,i.e., TtethO O1T UAOI h OF OEAO ¥3 OAT A«
This is the case of maximum entropy. In this highly disordered state, no heat
or energy interaction can proceed and all the process in the universe will
eventually stop. Since negative temperature in Kelvin scale is nobgsible
(according to 39 law of thermodynamics), so no further temperature
reduction is possible. Then the question is, what remains after? The answer
Is only darkness; the universe will remain in thisultimate darknessforever.

This is the heat death of the universe, also called the Bigeeze or Cold
Death.
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The Story of Mechanical Humang
Robots

~ Nairanjana Sarkar
6th Semester, Deptf Computer Science
J.K. College

From the beginning of humanrace, human nature is always curious. This
curiosity forwards human being towards new ideas and inventions. The first
notable invention by human was fire during the Stone Agdn that time, it
was almost impossible to even think aboutmechanical humans or robots

The seed of robotics was planted in around 3000 B.C. in Egypt, by making
water clock. After that, many phases came across,,.
in the field of robotics. The first modern robot was
@nimate § created by George C. Devol in 1950¢
which was a reprogrammable maniplator that &l 4
could be used by car makers to automate
metalworking and welding process but hefailed to
sell his product. But later, Joseph Engleberge
succeeded to modify the model into an industrial
robot and <ll it into market. Finally, he got the patent@and he isnow called
as@ne Father of Robotic§for his successful effort.

This Robotics is mainly based on the concept of Artificial Intelligence (Al)
and Machine Learning.

Artificial stands for Ownan-madedand Intelligence stands for Chéking

powerd Basically, the concept of robotstands for @ humanmade thinking

powerd Many Atrtificial Intelligence (Al) concepts are still hypothetical or
under research.

Sophia is the smartest humanoid robot in the world till now, developed by
Hanson Roboticsz a Hong Kong based company. She can track faces,
maintain eye contact and recognize people. It uses visual cortex, Al, neural
networks and computer vision for technical purpose. Few morenodern
robots are 7 VALKERY SAMSUNG BOT RETAILMykie: the kitchen
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assistant§ @ido: smart home robot ®rofessor Einstein the miniature
genius robotd Qynxd @Illy: Robot with artificial feelingsdetc. The most
advanced robot till now isASIMOcreated by Honda Motor Corporation that
can walk as well as caglimb the stairs, run, dance and hop or kick a soccer
ball.

ASIMO
Sophia
Indian research of Robotics has also taken an important part in the worlof

invention of robots. Someof the best inventionsby India are z

M1 JIVAKA A remote-control rover for virtual health
care; launched by Parel Workshop. It can measure
blood pressure, oxygen saturation level, the
temperature of the body and other works related ta = __*
DAOEAT 6060 AAOAS '

1 G-Astra: A smart semrautomated robot launched

by Invento Robotics for screening patients as weas

disinfecting areas TEAO8 O xEU OAAAT Ol U EC

corona virus using the features of thermal cameras to

record the temperature ofhuman body and the UVC light

to disinfect areas.
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1 Vyommitra: A female humanoid robot e—
developed by |Indian Spae Research -~
Organization to do multiple tasks like monitor
module parameters, alert astronauts or
perform life support operations. It is also
expected to fly in the first unmanned flight as a
part of the first human spaceflight programme
(Gaganyaan). It caspeak in two languages and
can mimic human crew also.

All these robots are made using Al, machine learning and deep learning
technique etc.

Robotics is a huge part of Computer Science which is stiider research the
process to implement sefawarenessown conscious, sentiment and feelings
can be the biggest invention of this decade in the world.
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A www.home-automation.net

A www.analyticsindiamag.com

A www.forbes.com

s

A www.automate.org

119


http://www.home-automation.net/
http://www.analyticsindiamag.com/
http://www.forbes.com/
http://www.automate.org/

Introduction To BlackHole

~ Smritimoy Chakraborty,
B.Sc. Major in Physicsd¥ear,
Indira Gandhi National Open University.

Blackholezthe O " 1 ik fhé&Endme suggestshat it has something to do with
light. We all know that a perfectBlack body absorbs 100% of light; not a
single photon can escape it. In a particular region gpacetime, aBlackhole
does the same operation with light. Now another question will come into au
mind, what isOp@cetime? So according to special theory of relativityspace
and Time are not two distinct variables but they are the different
manifestation of the same variable.

We all know the duality features of light For simplicity, consider light as a

DAOOEAIT A j . AxOiI 160 OEAT OU 1T £ , EjGse0q AL
an assumption to see an interesting result).

Vieape =112 km | s Now, every astronomical object has its own
|, GMm escape velocity (equired velocity to escape
—my- = ) .
¢ 4 from the astronomical object). Fo example,

w_mﬂ}z(iM escape velocity in our Earth is 11.2 km/s. In
case of light, the velocity is & 3 108, so it
can escape easily.

Now assumejf we want to convert the Earth into aBlack hole, what should

we do? Firstly, we have toput c at the position of Vescapeand solve the
ANOAOETT AU DPOOOET C 1 AOGO 1T &£ %AOOE j-(Q
and we get the valueofrx 8 mm. Sowe have
to compressthe Earth by alargeamount and
convert it into a sphere of radius less than or
equal to 8 mm this is called the
&chwarzschild radiu$Now, just think about
how strong the gravitational force of this
newly constructed Earth is! And nothing,
even light can escapdrom this. It is just an
example not only that it is impossible to
have such huge amount oforce, but also there exiss a masslimit to be a
black hole. This mass limit is calledd E Ghar@rasekhar Limif

Event
Horizon

Singularity

Schwarzschild radius

Rr=2CM

Stars with mass greater than the Chandrasekhar Limit (1.4 times the mass of
the Sun), at the end of their lives either explode into a supernoyar explode
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and then collapse into a neutron star or dlack hole. The centre of théolack
hole is called Giyularity 8and inside ablack hole, the gravitational energy is
tending towards infinity because of its huge density. So far, we have
understood that black holes areO A 1 /A& ApBo&time astronomical object,
highly compressed anddense.

But light is not a particle, it has
wave property alsa So, how do
light waves interact with

gravity? Howare all the laws of
mechanics consistent  with
spacetime concept? What is
the generalized form ofspecial
theory of relativity? How does gacetime change the direction @
propagation of light?

These questions lead a new theory of gravityi.e, geometric theory of
relativity) is called General Theory of Relativity. According to this theory,
matter and geometry of space is
directly related to each other | To: Energy Momentum Tensor
After considering the suitable | R Ricci Scalar
coordinate, if we solve the Einstein| R0 Ricel Tensor

Field equation we get aspacelike - Metric Tensor

behavior for a spherically symmetricobject. In 1969, anAmerican scientist
John Wheeler named it a® " |1 Holedn 1975, it was declared that Cygnus

Is aBlack hole which was detectedby x-ray (Radio Astronomy).Blackholes

were first discovered in theory asasolutionto O E A %E éq@atioh.Edted O

they were discovered experimentally. Some solutiono %ET OOAET 8 0 ARNOG
clearly said that some structure of spacéime exists in the universe from

where light cannot escape. It is the similaconcept thatwe were discussing

in the previous paragraph but the mathematical concept of gravity and other
parameters are changed in General Theory of Relativity. The Principle of
NOEOAI AT Au P1 AuO A OAOU bigdedrthaagnAl O OI
experiment was to see the equivalency of acceleration and gravit@sravity

is the acceleration and vice versa this concept implied some curved space

time which satisfies thenon-Euclidian geometry. So finallywe have acurved

spacetime fabric. And there are many spacéime objects;the black hole is

one of them.
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91 Energy of a Black Hole

Now, what is thesource ofenergy of ablack hole? The answer is depending
upon your viewpoint, i.e, either you are using classical theory adblack hole
or you are using quantum theory oblack hole. Sincewe are using classical
theory, in that point of view, we will consider the dominating part which is
the rotational kinetic energy. Yes, there exists many more energiegout this
Is the most domnating part. The potential energy isgravitational potential
energy SET A A dstfddomicalobject).

Now | am going to shortly introduce all others source of energy of lalack
hole. These argravitational potential energy, rotational kinetic energy,heat
energy,electrostatic energyetc.

All the energies of ablack hole are
external quantities, they are absent
inside the horizon. This paradigm of
black hole is known as External Energy
Paradigmfor BlackHoles(Ha, 2018)Due

to high gravitational potential energy, it

attracts every astronomical object
towards it and collapses the entire mass
of the objectinto a singularity. —_—

9 Quasi-local Energy

When we consider the total gravitational energy of thdlack hole and solve
the Einstein field equation for curved spacdime to find the relation of total
energy with dynamical values like,momentum and angular momentum
then this energy is calledjuasi-local energy of alack hole.

91 Rotational Energy

Due to the conservation of angular momentum of thélack hole, it gains
some high amount of angular speed. This angulapeed (nagnitude of
velocity) is transferred to the rotating object near the eventorizon and the
entire particle gains this amount of energy. Sdhey start moving very fast
(Approx. 108 m/s).
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91 Electrostatic Energy

If the black hole is a chargedlit interacts with the electromagnetic field. But
according to the External Energy Paradig for Black Holes, there is no
electrostatic energy inside the chargedblack hole.

9 Thermal Energy

Heat is a form of energy and we know from Boltzmann Entropy law that
entropy is also a form of heat, so thermal energy is also produced due to it.
Now the entropy of the black hole, from the motion of the particles rotating
outside the event horizon produce some thermal energy of thdlack hole.

Sa these are the basic forms of eneigs for a black hole. Now the question
IS, how does ablack hole release theseenergies?The answer is, by Hawking
Radiation (Hawking, 2009). It is the modified version of the entropy law.
Hawking radiation is nothing but some radiation which is produced by the
black hole to release some of its energy.

Now we will discuss about the mathematical escapeve.oc.ty
fprmula for the radius of ®vent Horizondor / o
Schwarzschild radiu® LA OGS O o Qfie

\

Newtonian Mechanics which describes the / VH
motion of the particles in the gravitational kS, //
field. Now just think about how to escapehe R’y

orbital velocity

earthd Qurface? The answer is simple; first
you have to go at the top of thélimalayas. After going to a gootieight, you

have to start throwing some object and you have to start increasing the
OPAAA AOAOU OEiIi As 31 EIEOEAIT U EOB6O0 Ol
orbital velocity. Now if you still increase the velocity then the object will

escape he Earth orbitwith escape velocity.

Now, mathematically, ifan object is moving with a velocity, it implies that
some kinetic energ is associated with it. Spto escape the earth surface, the
particle must have to overcome the gravitational potential engy. Sq the
minimum escape velocity obeys théollowing condition,

Kinetic energy of the particle due to its motion = Gravitationapotential
energy of the particle due to Eartl® @avity

or,- 6 —
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or,0 —

Now for black hole, aslight cannot escape it so this equation for v = ¢
becomes, O ——. This is the equation of&chwarzschild radiudor the
radius ofevent-horizon.
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Organic Photovoltaics

~ Eshika Mahanty
4th Semester, Dept. of Chemistry

J.K. College

Why do we want to focus on renewable energy? Marion King Hubbert
predicted peak oil. What the peak oil is and what will happen to our economy

when it happens?Peak oil, in a strict sense, describes the moment at which
extraction of petroleum reaches a rate greater than that at any time in the

past or future.4 EAOG6 O OAAIT 1 U ADGGA AU OARATAAGDAE 118
something renewable. An energy source that keeps coming to us for a very

long time. Nathan Lewis made a very nice plot a while ago where he looked

at the energy value consumed at the moment. The sources given alongside

are all linked to the specific places. For instance, hydroelectric is a brilliant

source but you can get it where you have large reserves of water at high
altitude. Similarly, there is plenty of wind at the mid of the Pacific Ocean but

its more challenging to extra® OEA xET A AT AOcuUu 1 00 OE/
energy, it is little explored but it has a vast potential. The technical value is

10,000 TW. But how can we envisage it? Different schools exist on how to

convert photons to useful energy. One of them is sol&rel, take sunlight and

with some chemistry convert it to fuel. The solar thermal energy is 85%

efficient but the energy we get in the form of heat needs to be converted to
something else like electricity using a turbine where we lose a lot of energy

and dficiency as well. Another problem associated with these methods the

surface problem.

Now comes thesolar cellwhich are easy to disseminate over a large area and
they are inherently thin in outline. If we focus on the solar
electrics(photovoltaics), they have been known for a long time or at least the
phenomena that they rely on. Photovoltaicsdevelop when potentials
develop when we shine light on an object which was discovered by
Becquerel in 1839.

It actually took a long time for us to reach the point where we can erect
meaningful energy from photovoltaics The requirements include:

1. Large surfaces to harvest, abundant materials

2. Technology, manufacturing (how expensive it is going to be)
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3. Low energy payback time

4. Low carbon footprint.

9 Generation of Solar Cells:

1stgeneration solar cells:

It was in the Bell labs where the cell came out with an astonishing efficiency
of around 6%. The early visions of solar cells, the monocrystalline silicon
cells are too expensive for anything. They were mainl
used to power off grid applications, satellites, where you T g
really had no other cheap alternative. Bulk
semiconductors were sliced into a thin sheet that can b /
converted into a solar harvesting device. These wereg

simpler in constitution but impossible to realze on the
gigawatt scale, multigigawatt scale or even the terawatscale.

2nd Generation solar cells:

Instead of a bulk material, a thin film is placed on a material substrate, i.e.,
the solar cell, e.g.amorphous silicon solar cel] CIGS
nanocrystalline silicon cell. It worked well but did not
seem to operate without decaying in performance. They
came out in the form of pocket calculators and people
speculated on putting them on the ground, deploying
them in a simpler way. They had some hrerent problems
like StaeblerWronskii effect. They solved the problems of high embodied
energy, high manufacturing temperature but introduced poor stability.

3rd Generation solar cells:

The 3rd generation had an increasingariability. It led to
the Nobelprize for three guys in the year 2000. Number
of publications appearing for 3rd generation solar cells|
far exceeds 1st and 2nd generations. Something th
quickly breaks the market stops in science. Scientists ar
still continuing their research on organc photovoltaics.
They are scalable, do not embody any toxic material like Scelluride cell,
manufactured with a very low environmental impact. The polymer voltaic
especially enable us to recycle the materials and think cradle to cradle.
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Working Principl e of OPV.

There is a cascade of events that starts with the absorption of photons in the
active layer. This creates an exciton bound electron hole pair, which can then
diffuse through a phase boundary between the polymer donor and an
acceptor.The donor (polymer) absorbs the light and has a great affinity for
holes and the acceptor (fullerene) has the same for electrons.

| Electrode

ACTIVE MATERIAL Er

S

There are two electrodes. The outer electrode is transparent. The photon
excites the electron in the filled band to the empty band as there is a close
proximity between the HOMO and LUMO in a semiconductor. Inder to
excite the photons, we also need some lattice vibrations to help. This is called
a phonon. The solar spectrum covers a broad range from UWiaible finally

to IR and to use all this light, we should think of a semiconductor with a low
band gap. Tle lifetime of an exciton diffusing through the active material is
very small and the distance it can travel before collapsing is of the order 10
20 nm. The optimal size structure of the active material must also be of that
order. To do this,we make a bulketero junction or a microphase separated
material where the donor polymer and the acceptor are ordered in separate
domains. The exciton travels to a face boundary between the two.The
charges get separated ,electrons travel in the acceptor material and theles
travel in the polymer and they go through these two materials ultimately to
the electrodes. An internal field is set up using different electrodes of
different energy levels so that the charge carriers travel to their distinct
electrodes rather thanrandomly moving about. A light source (a calibrated
lamp or the sun itself)is used to measure the power conversion efficiency or
performance (ratio between the power output of the solar cell and the
incoming power of the light).
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Characterization of Polymers:
UV spectroscopy:

The fraction of sunlight that can be absorbed is speciffor each material and

varies with its chemical structure. Band gap and molecular energy levels

control are of crucial importance for deviceperformance. The mismatch of

the polymer absorption spectra and the solar irradiance spectrum is one of

the reasons &l O 11 x AEEAEAT AEAO T £/ AAOEAAOS
OAIT EAT 1T AOGAOETI ¢ PI1T Ui AOOG6 OOOOAOOOA EO
tuning of the band gaps. The extension of conjugation degree leads to an
enhancement, in terms of intensity, and reghift of the absorption spectra

of conjugated polymers. As the collection dhe radiation is broadened and

more photons can be absorbed, thereby contributing to the energy
conversion, the difference between HOMO and LUMO levels of the polymer
becomes smaller, thus lowering the band gap. The energy levels also

determine the selection of electrodes and conducting materials.
Size exclusion chromatography (SEC):

Several studies have shown that thesize of the polymer (its molecular

weight) can have a severe influenceon the device performance. It is
therefore important to be able to analytically determine this in order to fully
AOAI OAOCA OEA DIl Ui A0O6O #£O01 AGEI T Al EOQU
chromatography (SEC) is the most used method for determining the
molecular weight of polymers applied in photovoltaics. The number average

molar mass (M) and the average molar massMw) are terms normally used

to describe the weight of the polymers.Mn and Mw are defined in the
equations below where Mi is the molecular weight,Ni is the number of
molecules andwWi =NiM.i.

MnE + iMiT +i.
Mw=4% .M2T + M=t 7TMT t 7

By comparing the equationsit can be seen that M will always be greater
than M,, unless when all the polymer molecules have the same molecular
weight, then Mw will be equal to Mn. The ratio ofMw/ Mn is known as the
polydispersity index (PDI). This can be used as an indicator of the molecular
range distribution of the polymer.
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SEC works by loading a polymer sample,

{ i’f) . dissolved in the eluent used for moving the
\"?f:l' ‘.' analytes, onto the column which consist of
".ﬂ. a porous material. The smaller size
g" ) polymers are to a higher degree trap in the
.\‘:'; Ghvondayam Ail O6i 166 matéri@i &d wil

00“' f}i E therefore stay longer on the column
\\'“‘ compared to the larger size polymers

Flow Time >

which has a limited accessibility in the
pores, as seen in figure. By constantly monitoring the eluate using either UV
vis or refractive index, the concentration of polymer can be determined to a
corresponding time. This can be converted into molecular weight using a
calibration curve, normally obtained from polystyrene.

Coating and Printing Techniques:

The solar cell stack is a multlayer structure. The coating orprinting

technigue has what we call dimensionality in plane. Most of the coating
techniques are zeredimensional. If we want to focus on coating techniques
that form an even homogeneous layer, they fall in a few different categories:

Spin coating: Spin coding is a method of coating which is widely used
within lab scale OPV manufacturing and in general within the semiconductor
industry, to dispense liquids in very uniform layers on planar substrates. The
advantage with spin coating is the possibility ofnaking very well-defined
film thicknesses, while the disadvantage is the difficulty with scaling to large
area samples. The principle behind spin coating lies with the use of a spin
coater (e.g,a Laurell lab scale spin coatgr where the substrate is mounte
on a chuck that rotates the sample while dispensing the liquid onto the
sample, first distributing the liquid and secondly applying a high rotational
velocity to dispersing the liquid into a uniform film thickness.

Spray coating: Spray coating isvidely known as an (industrial) method for
car body painting and from graffiti artists using spray cans. The functional
fluid or ink is atomized at the nozzle of the spray head, which generates a
continuous flow of droplets. The main parameters for the atmization
process are surface tension, viscosity, fluid density, gas flow properties, and
nozzle design. The simplest form of a pneumaticased system is an airbrush
gun. More advanced spray generation methods that are commonly available
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are ultrasonication with directed carrier gases, or electrespraying. The
method has seen an increasing impact in the lagcale fabrication of organic
solar cells. Spray coating allows a broad range of solvent systems and a
versatile selection of material systems. Thereforat shows its applicability

in intermediate layers, active layers, and electrodes.

Slot-die coating: Slot-die coating is a noncontact largearea processing
method for the deposition of homogeneous wet films with high cross
directional uniformity. It can handle a broad range of viscosities between
less than 1 mP# and several thousand Ra while the coating speed has a
similar wide spectrum between less than 1 m/min and more than 600
m/min. The method belongs to the premetered coating processes, whereby
all of the supplied liquid is deposited on the substrate. The wet film thickness
is controlled by the flow rate, coating width, and speed. Thstripe coating
capability is favourable for the fabrication of OPV devices, as it allows easy
stacking and crossdirectional alignment of the layer stack for modules with
serially connected cells. The fully closed system between pump and ink exit
is ideal for highly volatile solvents. It has been extensively used for the
coating of ZnO, active layers, PEDOT:PSS, ahes

Printing techniques are one or twodimensional or even three
dimensional. In the context of organic photovoltaics, for the coating
techniques, itis the solid we want at the film of that we dissolve in the solvent
or make a dispersion of in the seent and then apply it by the selected
printing methods. Some of the printing techniques are listed below:

Screen printing: It was already used during the 1940s for the mass
production of electronic circuits. Nowadays it is common in the graphics art
industry, manufacturing of printed circuit boards, and metallization of
silicon solar cells. The mesh is placed in a
certain snap-off distance on top of the substrate
and a floodbar distributes the ink and fills the
mesh. The printing process is initiated by the ID_
squeegee that presses against the screen mesh
onto the substrate. The moving squeegee forces f
the ink through the open ares while the
rebound of the screen induces shear to the

Streen  Squeese, «—  Ink/paste

Printed pattem
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columns of materials. Typically, highviscous thixotropic ink pastes with
shear thinning properties are used for screen printing.

Gravure printing: Gravure printing is a traditional printing method for
high-volume applications such as magazines, catalogues or packaging with
printing speeds beyond 15 m/s. It found the
way into printed electronics due to its
potential of high-resolution prints, smooth

layers, and the variety of processable ine —
materials. Thegravure cylinder is made from
steel and a thin copper layer that holds the
printing image consisting of engraved cells. A
final chromium layer acts as a wear resisting layer. The printing cylinder is
immersed in an ink bath that fills the cells with ink while rotating. The doctor
blade scrapes off excess ink leaving the ypatterned chrome surface blank.
The ink istransferred to substrate through surfaceinteractions, the nip zone
between impression roller and gravure cylinder.

Impression
cylinder

___ Doctor
blade

— Ink bath

Inkjet printing: Inkjet printing is a well recognized technology from the

daily (home-) office use and gained relevance in other areas outside of
conventional printing in the late 1990s. The majority

I £ Ol AAUOGS ETEEAO DPOEI] OEU,Q‘;TQ'M ATl BT T UAA
printing use piezoelectrically actuated transducers to l i

eject droplets on demand out of the nozzle. A s % prnedpeen

simplified schematic is shown in figure alongside. An O =

‘ dVidt waveform

applied voltage waveform (firing pulse) to the piezo
induces a mechanical actuation and propagates a
pressure pulse through the ink held in the chamber
behind the printing nozzle. The droplets get ejected
once the pressure exceeds the threshold at the nozzle. Ink is held inside the
chamber due to surface tension and static pressure that stabilizes the
meniscus at the nozzle. A similar actuation method is achieved using
microelectromechanical systems (MEMS) and electrostatic forces.

!

Upscaling, Testing and Encapsulation:

There are two different ways to envisage this upscaling process. Ideally,0 & O
of course aprinting machine here we have a roll in one end and as we wind
this roll through the machine,we apply all the layers and at the very end of
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the machinewe can roll it back off as a finished solar cell. This sort of process
where everything is done in thesame passage through the machine is known

as inline processing. We need to develop the individual steps (discrete
processing) where we are doing one step at a time on the roll. We take a roll,
run it through a printing/coating machine and apply one layerin a stack. We
take it from the rewinder at the end and put it back on the unwinder on the
machine and apply the next layer. Before, we can go all the process inline, we
have to pass these discrete processing state where we ddor real roll to

roll and it is truly scalable. A mini roll coater is developed which allows us to

go directly from the film formed with spin coating to the discretely processed

roll to roll step of each of the layers in the solar cell. The mini roll coater has
the advantage thatt eliminates a lot of sources of error that we might have

on the large roll to roll processing machine. For e.g., if we find thauo
DOl AAGOT O AT Aftoht Sufacd: tdpl shriadk is @Eched instead,
xA x1 160 Z£ZET A OEA OAIT A 11 OEA T ETE OII
Once we have completed the solar cell, we of course need to test them. We
have several machines for this purpose. We have the machines that can do
IV testing under illumination of light. We have multiple LBIC system where

we basically make arelectric image of the solar cell. Now, testing is of course
critical because we want to know if we have made a new ink to confirm that

it actually works because later onpwe have to patch those solar cells,
laminate them or encapsulate themWe process thesolar cell directly on an
oxygen and moisture barrier foil. The solar cell is just printed on the backside
ofthebatOEAO £l EI Ol akmospt@re At @i bredldddwnOrice O E A
its operated by shining light at it. To aggress this problem, the & cell
needs to be packaged. Packaging is an expensive process so we have to take
care of the potential loss that we may have by jpaaging something that

AT A Ovbrk. Therefore, testing is essential. We can at least avoid packaging
the areas of the folOEAO AT AOT 60 x1 OE xAl 18 4EA
process. We take a piece of clean barrier foil and apply an adhesive to it of
some sort. We force two foils together through a nib and get a thin adhesive
layer there. In a discrete process, we madeldhe layers in a stack, tested it
and finally packaged the solar cells. This then represents the finally scaled
solar cell where the solar cells are available on a roll. This is the main
advantage of scaled roll to roll production that with very little manual labour

and energy input, we can produce lots of solar cells in a very little time.

Free OPVsnay have an efficiency of about-2% when we receive it. The free
OPV sample has a total processing time of 1 second so its very fast in
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manufacture. The queson is can we do something with such a low efficiency
like that. OPV itself embodies a very little energy both in the materials that
its constituted by but also in the process. So, in principle, it should be
possible to pay back the energy invested in thsolar cell even with a low
power conversion efficiency. Solar cell is not to be treated as a discrete panel
but rolls of solar cells where we only need to make contact at the two ends
of the foil. We need a large area where we make a solar park with some
platforms and on those, we just roll outhe solar cells. The idea we have a
trolly or wagon that can be moved over the platforms and in the process of
moving it, we apply the solar cellsWe can also reextract the solar cells that
may have finished it service life. How often can we replace a solar cell? What
is the energy investment while exchanging them? The advantage here is
while we are removing an old one, we are basically saving one. In principle,
the re-extraction of solar cells comes at a litd extra cost and it also enables
us to re-extract the resources that are found on the solar cells. We serially
ATTTAAO OEA OI1 A0 AAI 108 4EA AAOAT OAC
require thick conductors. We also want to step up the voltag&hiswas really

a great discovery because it meant it would be possible to realize the dream
of a solar park where energy would be harvested through infinite serial
connection of small solar cells and where all the power would be extracted
over large distanceswith no real ohm loss due to transmission.

References:

https://www.coursera.org/learn/solar _-cell/home/welcome

https://www.energy.gov/eere/solar/organic -photovoltaics-research

https://www.ossila.com/pages/organic -photovoltaics-introduction
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The Migration of Golden Eagle

~ Priti Mahato,

4th Semester, Dept. of Zoology,

J. K. College
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Z George W. Bush

1 Introduction
Bird migration is a natural process,whereby different birds fly over
distances of hundreds and thousands of kilometers in order to find the
best ecological conditions and habitats for feeding, breeding and ralsmg
their young ones. The migration can
be seen of the Golden Eagléquila |
chrysaetos.It is the largest bird of §

national bird of Mexico. These birds
are covered with a golderbrown [
layer of feathers, with feathers on b :

with a slightly lighter golden colour. | - e :
These majetic birds range from Mexmo through much of western North
America as far north as Alaska; they are also found in Asia, northern
' | Africa and Europe. They are aerial
predators that eat small to midz
sized mammals and some birds and
reptiles. They build nestson cliffs or

in the largest trees of forested areas
that give them an unobstructed view
of their surroundings. They build
their nests out of sticks shaped to
create flat or bowlshaped platforms.
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Golden Eagles can migrate over long distangeThe recoveryfrom the leg
bandsof three juvenile Golden Eagles banded in northern Quebé8pofford
1971, Millsap and Vana 1984) as well athe migration counts made at
different lookouts around the Great Lakes and along the Appalachians
(Heintzelman 1986, N

DeSmet 1987, Titus and . — R

Fuller 1990) have
revealed that Golden
Eagles migrate south from
eastern CanadaAlthough
some northern breeders

Percent of Total Flight

P 15-Ses PE=— 15-mow 15-Oec

Top Ten List of Golden Eagle Flight Days at
Hawk Mountain Sanctuary, 1936-2002

travel more than 5,000 km e P
between their breeding 3 — e —
and wintering grounds, i3 S
most migrants are short or iz s mov i33c
moderate distant

migrants. They tend to concentratealong leading lines as they move south.
They are observed in the largest number along north south oriented
mountain ranges where they soar on mountain updrafts andhear the Great
Lakes typicallyto avoid lengthy water-crossing. In North America, migrating
Eagles concentrate along the
Appalachian Mountains in the east
and Rocky Mountains in the west.
They generaly migrate alone or in
some small flocks of two to five birds
at aspeed up to 50 to 55 kmhour. In
autumn, immature Golden Eagles
leave the breeding grounds earlier
than adults. In spring adults migrate
before immature birds. In summerin
Golden Eagle near Mt. Shast the United Stdes, golden eaglesare
mainly found in the western states
and Alaska. In winter they migrate south from northern parts of their range
As a result, Golden Eagles are found throughout the continental United States
in the winter. During migration, Golden Egles tend to fly in the middle of the
day, and will follow along north-south oriented cliff lines and ridges, which
deflect the wind upward, providing lift. In open landscapes, they use lift from
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heated air to help them move efficiently, gliding from onehermal to the
next.

At Hawk Mountain Sanctuary, peak
numbers of Golden Eagles are seel
on the day afterthe passage of a
cold front. The majority of the
Golden Eagle flight at Hawk [==e=
Mountain occurs in November. The
long-term average count at Hawk fews=
Mountain (1934 7 2002) is 54, and | i7"
the average count for the past 10} ... e ————
years (19937 2002) is about 100. ~ Map of Golden Eagle nest site

In autumn 2003, 159 Golden Eagles

were counted at Hawk Mountain and the sanctuary recorded its highest one
Z day count of 31 Gtilen Eagles on November 20, 2003.

The first Golden Eagles go north ithe late-February. The peak Migration
period lasts from mid-March to the end of April. The springnigration is over

= : : = X : by the end of May. In the
fall, some Golden Eagles
are seen to return south
in late-August and the
peak migration lasts
from  mid-September
until the beginning of
November. Dwindling
numbers are seen until
early Decemler.

Population-level migration corridors of adult Golden Eagles during spring (left) and fall (right) migrations (2011-2016).

9 When Can Golden Eagle Be Seen:

Migrating Golden Eagles roost on the ridges during the nights and some start
moving soon after dawn. We have found over many years that in good
migrating weather, the movement tends to build up during the morning and
reach a maximum in midafternoon. Movement stops as it getdark and we
often see the birds settling on the peak. Very often, perfect migrating
conditions produce few sightings because the flow mght be blocked by the
poor condition elsewhere.
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91 Why Golden Eagles Migrate:

Migration shifted out of step with a seasonal boom in fogavhen they need

to raise their young. A project to track the impact of climate change on
migratory animals has revealed that adult Golden Eagles are unable to shift
the timing of their migration. Sott La Point from Columbia University
explained that day length or photoperiod

give these great birds the cue to g9 A O -~
AT A AO A OOwWhieGanaRiing ¢
the tracking data composed of 20 yearg
worth of tagging birds with satellite tags
and fdlowing their seasonal migration, he
noticed an unusual patternz the younger
Raptors would shift the timing of their
journey, and seemingly adapting to
weather condition and climate.They want
to get their chicks as independent as
possible by OctoberNovember. They have

adapted to have their departure coincide with

the first lasting snowfall, or freeze and
decreasing prey abundance. If they are

coming up at the same time every year, and if

there is a change in that ecosystem due to

climate change whether OEAOB8 O OEE £OE
spring arrival; could be less optimal

B win

I Disadvantage Of This Migration:

A Many young onesare not able to reach the destination because they
die during the course of the continuous and tiresome journey.

A Sudden changes in the climate such as storms and hurricanes, strong
current of wind, fog etc.are causes for the death of a sizeable number
of migrants.

A Sometimes marmade high tour and light houses cause for their death.

A Men themselves are responsible fotheir death, they shoot at these
poor birds just for their own leisure and amusement.

9 Conclusion:
Knowledge of these key migration routes has obvious conservation
implications in light of industrial wind development across western north
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America andaccompanying potential hazards for golden eagles. Some of the
best predicted wind resources and commercial wind development in the
United States lie at the ecotone of Rocky Mountains and the GreBtains.
There are potential benefits to both Golden Eaglesand development
companies if dataset and similar migration corrido® thapping result are
used in initial site planning. The importance of migratory pathways of
Golden Eagles in conservation plannings that it allows for the greatest
conservation impact  the migratory population as retaining and enhancing
adult survival that will have the largest impact on population levels.
Targeted conservation actions and minimization of mortality risks within
these migration corridors will certainly benefit Golden Eales in the Western
Hemisphere.

O-U 01 01 xAO Al xAUuoO O EOI1 1T &£ AOPEOAC

like a bird with an instinct of migration upon me, and a country to migrate to

xAO AO AOOAT OEAI AO EO EO O OEA AEOA(
Z Hannah Whitall Smith

9 References:

A Biology of Animals, Vol. Il by Sinha, Adhikari, Ganguly.
A BBC News

A https://www.hawkmountain.org/raptors/golden _-eagle
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Artificial Radioactivity

~ AbhaMahato
6th Semester, Dept. éthysics
J. K. College

The year 1934 was especially remarkable for one of the most wonderful and
totally novel invention.

It has been seen that when alpha particle hits beryllium, neutrors created
In the year of 1934, Frédéric JolibCurie and Irene JoliotCurie began to
search for the particle from which neutron can be formed after getting
struck, like beryllium. They noticed that when alpha particle strikes
aluminium or magnesium, thenalso neutron is emitted.

, AOGB O AT | dpic & &ludniniund ErArevidus experiment, it has been
found that silicon and protium are generated after the collision between
alpha particle and aluminium.

They saw that proton as well as neutron em# in this process. If aluminium
had isotopes, then pehaps it would be easy to think that proton is emitting
from one of the atom and neutron is emitting from another atom. But
aluminium has no isotope. Then it has to be that proton and neutroboth
are emitting from Al27. Before that, two kinds of particledhiave not been seen
emitting simultaneously.

Joliot and his friends had put the aluminium into cloud chamber and began
the experiment. For proton,thicker lines were seen asexpected, but some
thinner lines were also seen along with them and it seemed that it was
caused byelectrons. They accomplished the experiment by putting the
chamber into a magnetic field. The lines bent, but in the side opposite to the
electron. Then, sirely it was positron. So, it is not that positron can be found
only in cosmic ray, it is possible to create positron itaboratory also.

Now,] AOG6 O AEOAOOO AAT 6O OEA AEAT CA EI
that proton, neutron and positron are emiting from there? They saw that
the combined charge of positron and neutron is equal to the charge of proton
and their combined mass is same with that of proton. They concluded that,
after striking, proton is not emitting. Only neutron and positron are emiting.
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They were highly astonished to see that as long as alpha particle strikes,
neutron and positron emits. Even if the strike of alpha ray is stopped, the
emission of positron continues. It decreases in a slow manner similarly as
emission of ray fora radioactive element. Then is it true that aluminium
becomes radioactive element in an artificial way?

They saw the same case in magnesium and boron. They measured the rate
at which emission of positron decreases. As a resuhey found that the half
life of substances derived from the conversion of aluminium is 3.25 minute.
For magnesium, the haHife is 2.5 minute. For boron, the halife is 14
minutes. But what object is being decayed like this™ is certain that
aluminium, magnesium, boron are not. The were unbreakable before they
got struck bythe alpha ray. So, it is evident that after every strike, one new
particle is being born and it is decaying slowly. But as a result of this strike,
both neutron and positron are not being emitted, only neutron s being
emitted. Now, let's come into the matter of aluminium. So, the fact is thBt°
and neutron are produced after the interaction between aluminium and
helium. But, thisP30 is not the isotope of phosphorus becauses! is the only
stable isotope of plosphorus. So, Joliot and his eworkers assumed thatP30

Is an unstable element and it is radioactive. It breaks and positron emits from
it. Same thing happens in the case nfagnesium andboron also.

In the middle of the chemical reaction, death and birtlof P30 is the real truth
Z Joliot and his friend proved it experimentally.

Now the question arises, if only with the help of alpha ray can some non
radioactive element be transformed into radioactive element for some time
# A1 6 O -eudrdn@d What apha particle is doing?2WE U Atlfey?8Iiha
particles are charged particles, their mass is comparatively high. It is difficult
to reach at those particles after defeating the repulsive force of nucleus. But
neutron is chargeless, it can enter into the atm and reaches the nucleus, it
may take sometime or may not. And to it, both light and heavy nucleus are
all the same. It will go to every type of nucleus, then it will strike them and
transformation will occur.

Fermi continued his experiment. He tried hidest to find out that if artificial
radioactivity can be triggered by the strike of neutron or not. He and his
colleagues examined with various types of sixty atoms. They noticed that out
of 60 elements40 are radioactive. They also pointed out thathe ray is also
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being emitted even in the course of strike. The emission from the newly
produced artificial radioactive element was not like before.

Besides that, in many cases, it is widely seen that neither alpha particle nor
proton comes out of the nucleus but the nucleus along with neutrors
changes into another artificial radioactive element.

They found out thatthis type of transformation takes place for heavy nucleus
and less powerful neutron can do this work in a good manner.

The nucleus which held the neutron with it, did not become more charged
but transformed into a new material. But is it necessary that this new
material have to be radioactive? No, it is not true for all the timestable
Isotope can also be created.

Alpha particle and neutron generate unnatural radioactivity. Now,
extremely powerful proton and deuteron were used. They can also cause this
unnatural radioactivity and they accomplished it smoothly.

There are 92 elements in the periodic table of Mendeleev. Belements with

mass number43, 61, 85 and 87 have not been traced. Occasionally, news of

their discovery would come out, but those were not credibleNow, those

elements can be generated by hitting the nucleus of another atom. Not only

the vacancy of Menddd AO8 O PAOET AEA OAAT A EAO AAA
extended. The particles which hae been newly generated areg Np®, Puf4,

Am?os, CrrPé, BK97, CP8, ES?9, Fm100, Md101, Noto2,

Another more interesting fact can be mentioned. Deuteron struck bismuth
and RaE wasformed. So far, the radioactive elements were being created in
nature, now the same is being created in laboratory by the scientists.

From cyclotron, a deuteron consists of 20akh electron-volt energy,emitted
and created a wondering artifical radioactive element after falling into
sodium. The deuteron struck Na23 and gamma raystarted being emitted
from this Na24 slowly, like anatural radioactive element. This type of sodium
was named as Radisodium.
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Activities in 2021

Glimpses from SciFest 2021

1. March 13: Celebration of pristine yeartide of Science Club, SciFest

2021.
2. August 10: Online observance of the birth anniversary of Acharya

Prafulla Chandra Roy.
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