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সম্পাদ ীয় 

২০২১ সাললর কম মাস, সিশ্বিযাপী মহামারীর সিতীয় কেউ ভয়ঙ্করভালি আছল়ে 

পল়েলছ আমালদর কদলে,  ললজ কতা আলের িছলরর মার্চ মাস কেল ই 

অসিসদচষ্ট াললর জিয িন্ধ। ইসতমলযযই প্রেম এিিং সিতীয় কেউলয়র অন্তি চতী 

সমলয়, ১৩ই মার্চ, সালয়ন্স ক্লাি তালদর ির্ চপূসত চ সদিস পালি  লরলছ পসরসিসত 

েীঘ্রই স্বাভাসি  হলি কসই আো সিলয়। স ন্তু কস গুল়ে িাসল। প্রসতসদি হাজার-

হাজার মািুলর্র প্রাণ ক ল়ে সিলয় আত্মপ্র াে মারণ সিতীয় কেউলয়র। অলি  

সপ্রয়জিল  হাসরলয়সছ আমরা অপ্রতযাসেতভালিই, প্রসতসদি এ টু এ টু  লর হলয় 

পল়েসছ মািসস  ভালি সিপর্ চস্ত। তা সলেও আমরা িু  কিেঁলযসছ এ  সিু 

ভসির্যলতর আোয়, এ সদি সি ঠি  হলয় র্ালি - এই ভািিাটু ু সম্বল  লর।  

 

স ন্তু, 'সময় িসহয়া র্ায়, িদীর করালতর প্রায়'।  লললজর কের্ পরীক্ষাও সদলাম এই 

ল ডাউি আিলহই -  ললজ এখিও খুলললা িা, মহামারী এখিও কের্ হয়সি। 

তাই এই আিলহই 'আিতচ'-এর সিতীয় সিংখযার প্র াে। সালয়ন্স ক্লালির হলয় এটাই 

হয়লতা কের্   াজ আমালদর। আোমী প্রজন্ম এই সিংেিিল  আরও সুন্দর এিিং 

সুসিংেঠিত ভালি এসেলয় সিলয় র্ালি, এই সিশ্বাস আমার আলছ।  

 

এইিালরর 'আিতচ'-এর প্রচ্ছদ এলজজসিঠটস উ সম্প্রদায়ল  সমে চি  লর 

সলঙ্গবির্ময এিিং কেণীবির্লমযর কভদালভদ ভুলল, িতচমাি এই অসির সিশ্ব-

রাজিীসতর পটভূসম ায় সিশ্বোসন্তর  ো ছস়েলয় কদওয়ার উলেলেয পসর সিত।  

 

আো  সর, আলের িালরর মলতাই অলি  ভাললািাসা পালি এিালরর 'আিতচ'। 

সিাই ভাললা ো ুি, সুি ো ুি।  

 

ক ৌস্তুভ পাণ্ডা, 

সডপাটচলমন্ট অফ সফজজক্স, 

কজ ক   ললজ। 
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Cupron: A Social Application 
                                                                                                               

                                                                                   ~ Dr. Sanjukta Mukhopadhyay 

                                                               Associate Professor, Dept. of Chemistry, 

                                                                                                 J. K. College 

 

Cupron (Benzoin-a-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 aromatic compound (C14H13O2N) 

soluble in alcohols. It has many other applications like detection of basicity 

of sparingly soluble materials like Al2O3, BaCO3, separation of metal ions 

from mixtures etc. 

 

• 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 hazards of 

millions of helpless common people every day. So, there must be an 

affordable ‘water testing kit’ for every family. 

WHO, as the international authority of public health, always advises 

governments of various countries about the developments of health-based 

targets and regulations. Since 2004, ‘The guidelines for drinking water 

quality’ is promoting the framework of safe drinking water. WHO worked 

closely with UNICEF and in 2015, developed WASH FIT (Water and 

Sanitation for Health Facility Improvement Tool) with an aim to guide small 

primary health care facilities in low and middle-income 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 first-generation 

learners) can be trained about this. An awareness programme with an easily 
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usable ‘testing kit’ with a little bit instruction may save thousands of lives. 

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 a few 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.  

• Planning wide: 

Here comes the use 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 range 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. 

Just one specific case: 

Copper is 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, long-term intake above the acceptable range of concentration of 

copper ions damages gastrointestinal tract and causes other metabolic 

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 water 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 
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treatment processes cannot remove copper. However copper contamination 

is less in raw water. 

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

by WHO-drinking water specifications, as published by Central Pollution 

Control Board of India in their website.  

Cupron can be used as a testing material for copper ions in the ‘Dream 

Testing Kit’. It has a sensitivity limit (i.e., smallest detectable amount) of 0.1 

x 10-6 gm or 0.1 x 10-3 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 of dilute 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 copper concentration 

in de-ionized water above and below the toxic level.  

For a non-chemistry person, the scheme may be, 

1 drop of A        +         1 drop of B       +       1 drop of C 

 (water sample)        (supplied NH4OH)      (Cupron solution) 

• 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 play 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. 

• 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 – 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 
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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 the spiders 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 micron-sized glue droplets made up with glycoprotein. 

And this glycoprotein deforms like an elastic rubber band which takes major 
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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 strengthened and compact. In 

mathematics, the Fibonacci numbers, commonly denoted Fn, form 

a sequence, called the Fibonacci sequence, such that each number is the 

sum of the two preceding ones, starting from 0 and 1. 

But a question arises. When big insects, even humans get caught by the 

spider webs, then why spiders don’t get trapped themselves by their own 

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 the end 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, engineering and mathematics is the cause 

why these spiders are known as the best ‘Web Developers of Nature’. 

 

• References: 

▪ Oyen, M. (2013). Spider silk is a wonder of nature, but it’s not stronger than 

steel. The Conservation. 

https://www.google.com/amp/s/theconversation.com/amp/spider-silk-is-a-

wonder-of-nature-but-its-not-stronger-than-steel-14879 (Accessed on 

10/08/2021). 

Fibonacci Sequence Fibonacci Sequence in Spider Web 

https://www.google.com/amp/s/theconversation.com/amp/spider-silk-is-a-wonder-of-nature-but-its-not-stronger-than-steel-14879
https://www.google.com/amp/s/theconversation.com/amp/spider-silk-is-a-wonder-of-nature-but-its-not-stronger-than-steel-14879
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▪ Sahni, V., T. A. Blackledge, & A. Dhinojwala, (2010). Viscoelastic solids explain 

spider web stickiness. NATURE COMMUNICATIONS, 1:19: 1-4. DOI: 

10.1038/ncomms1019.  

▪ Albright, R. (2014). Spider Webs. Prezi. https://prezi.com/eb1endffzrjo/spider-

web/ (Accessed on 10/08/2021). 

▪ Villazon, L. Why don’t spiders get caught by their own web? BBC Science Focus 

Magazine. https://www.sciencefocus.com/nature/why-dont-spiders-get-caught-
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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 present – some of them are specialized for flight, some for 

insulation, some for structure or contour, some for sensation and so on. 

The feathers come in an incredible diversity of forms. Like hair in mammals, 

feathers are a part of the integument in birds. It is composed of the protein 

beta-keratin and made up of the same basic parts, arranged in a branching 

structure. In the most complex feathers, the Calamus extends into a 

central Rachis, which branches into Barbs, and then into Barbules. 

 

 

• 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 are discussed below: 

Structure of a typical feather 
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• 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 is 

wider than the other. And the barbules 

are stronger for the strength of the 

flight. 

• Contour feathers: 

Contour feather is what we see from 

outside, the covering of the bird’s body 

and also provides its shape. They are 

found everywhere in their body except 

the beak, legs, and feet. In contour 

feathers, the parts which we can see, 

are only coloured. 

 

• 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 the body where they can 

store the body heat.  

                                                                           

• 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 

usually hidden from our view. 
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• Filoplume: 

They are tiny. These feathers are 

found on the wings. Unlike other 

feathers, which are attached to the 

muscle for movement and nerve 

endings. These feathers inform the 

brain for the placement of feather 

for flight, insulation and preening. 

 

• Bristle: 

Bristles are the simplest feathers. 

Bristle feathers are found around 

the eyes and the mouth of insect 

eating birds.  

 

• 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.  

 

I. 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. 

 

II. We think of bird sounds either as songs or calls, but birds create 

sounds using their feathers also. 

III. Many birds line their nests with bird feathers; it actually helps to 

keep the eggs warm and constantly provides a soft padding 

around it. 
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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 

up against a tree’s trunk. 

 

V. Sometimes birds used their feathers’ colours and patterns for 

sending signals to mates and rivals. 

 

• 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. Firstly, birds 

use their colours to attract mates and intimidate the competition. And 

secondly, 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 main components viz., 

melanins, carotenoids and porphyrines. Another important thing is that 

feathers without any pigmentation are the weakest of all. 

 

i. Melanins: The blacks and browns come from the same pigment of human 

skin.  For example, the dark black of a crow or the brown stripes of an 

owl. Depending on the location, melanins can produce colours ranging 

from the darkest black to reddish browns and pale yellows. Melanins 
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not only provide the colour of the birds, but also provide strength to 

the feathers. 

 

 

ii. Carotenoids: The pigment carotenoid create most of the reds, 

oranges, and yellows in birds. There are more than 600 types of 

carotenoids present. In Northern cardinals, the colour red comes from 

this pigment. Carotenoids are actually produced by plant bodies. From 

consuming the plant itself or those insects which consume the plants, 

it comes to birds. The olive-green colour comes from the mixture of 

carotenoids and melanins. 

 

 

 

 

 

 

 

 

                                                      

iii. Porphyrines: Porphyrines are the 3rd 

type of pigments. This pigment is created 

by amino acids. It produces the red, 

brown, green and pink colour in birds. 

For example, it is present in the Turacos 

found in Africa. 

                                                                                                             

 

 

 

Great Horned Owl 

 

Northern Cardinal 
Female Scarlet Tanager 

 

Turaco 
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b) Iridescence: 

The term iridescence means, showing luminous colours that seem to 

change when seen from different angles. The 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, 

splits the lights into rich, 

component colours. Keratin 

allows feathers to act like a prism. As the viewing angle changes, the 

refracted light becomes visible in a glowing and shimmering iridescent 

display. 
 

                                                                                             

 

c) Non-iridescence: All colors of feathers are not iridescent in nature. Some 

of them are non-iridescent 

too. Tiny thin air pockets 

present in the barbs of 

feathers can scatter 

incoming light, resulting in 

non-iridescent colour. Blue 

colours in feathers are 

almost every time produced 

in this non-iridescence 

manner. The blues seen in 

the feathers of Indigo Buntings, Mountain Bluebirds are structural 

Ribbon Tailed Astrapia Peacock Feathers 
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colours. These feathers are blue because the exact same reason that the 

sky is blue. The blue light which has the smallest wavelength, is unable to 

go right through the air pockets. So, the blue is refracted in every 

direction and the remaining colours are absorbed by a layer of melanin. 
 

 

 

 

 

 

 

 

 

                                                                    

The next time you look at a bird, you will be able to better understand 

how its feathers protect it, make it gorgeous and make it possible for 

the bird to fly. 

 

 

• References: 

▪ https://academy.allaboutbirds.org/how-birds-make-colorful-feathers/ 

▪ https://academy.allaboutbirds.org/feathers-article/ 

▪ https://www.audubon.org/news/what-makes-bird-feathers-so-colorfully-

fabulous 

▪ https://kidwings.com/project/bird-feathers/ 

▪ https://www.petcoach.co/article/bird-feather-types-anatomy-growth-color-

and-molting/ 

▪ https://youtu.be/HobEqvZuppk 
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Seems to Have Nothing but Has 
Everything 

~ Akash Kumar,  

4th Semester, Dept. of Mathematics, 

 J. K. College 

Almost every science student knows the preliminary concept of sets. Here I 

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. Let, we take the interval 

[0, 1]  

      0 |                                                          | 1 

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

(1/3, 2/3)  

 0 |                 | 1/3       2/3 |                    | 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 |                 | 1/9           2/9 |                | 1/3  

 2/3 |                | 7/9       8/9 |                 | 1 

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,  

    |                                                                | 

    |                      |                  |                    | 

    |       |   |        |                 |       |    |       | 

   |—|   |—|   |—|    |—|    |—|  |—|  |—|  

- - - -   - - - -    - - - -     - - - -     - - - - 

-------- --------- --------- --------- ---- 

------- ---------- ------- ------- ------- 
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 --- ---------------------------------- 

         ......... … .. … … .. … .  

And so on…   

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 are countably many such points,  

And 2) yes, in some sense, a whole lot more. But in some other sense, just 

some dust – which in some ways is scattered, but in some other ways it is 

bound together.  

To measure the dust, firstly, we have to learn some mathematical 

representation of numbers.  

• Ternary representation of real numbers: 

It is nothing but to express a real number in base 3, i.e., like as binary 

representation of real numbers, we have to express a real number using the 

numbers {0, 1, 2}. As for example: 

    1/3 =0.10000… = 0.02222… 

    2/3 = 0.20000… 

    7/9 = 0.21000… = 0.20222… 

Notice that, 1/3 & 7/9 has two expressions each. For simplicity, we choose 

only that expression which don’t have 1s. We now consider all real numbers 

in [0, 1] as in the form of ternary.  

Now if we collect all the remaining points in [0, 1] say,  

𝓒= {x ∈ [0,1]: x = 0.C1C2C3… where Cn= 0 or 2} 

Which is a set of all sequences of 0 & 2, and the cardinality of the set of all 

sequences from ℕ to {0,2} is nothing but the cardinality of the power set of 

the set of all natural numbers which is uncountable.  

Hence, 𝓒 is uncountable, i.e., very large set!               
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Now, notice one thing, length of [0, 1] = || (1 – 0) || = 1, where, || * || denotes 

the length of an interval.  

In each case, we omit 1/3 part of the subintervals. So, if we collect all the 

omitting portions, it will give us a very funny result,  

1/3 + 2/3² + 2²/3³ +…  

= 1/3 [ 1 + 2/3 + 2²/3² + 2³/3³ +…] = 1/3 × 3 = 1 

So, the resulting length = 1 – 1= 0   

Concluding that the measure of this set is 0. 

i.e., ‘This set is very large set as well as it is very small set’. 

This set is known as 'Cantor Ternary set'.  

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

of Mathematics. 
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Michelson-Morley experiment: How 

the concept of ‘Ether’ changed 
                                  ~ Soumen Mishra,  

1st Semester, Dept. of Physics, 

J. K. College 

 

In the end of the nineteenth century physicists 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 one was that the velocity of light is independent of 

the velocity of frame of references. In the year of 1865, when James Clerk 

Maxwell proposed the ‘Electromagnetic wave Theory’ and calculated the 

velocity of electromagnetic wave which was the same as the velocity of light, 

it was thought that there is a relation between light and electromagnetism. 

In fact, light is itself an electromagnetic wave. In the 19th 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 propagation of light wave also. So, 

something has to be there for the propagation of light. Light was known to 

travel through outer space (which scientists believed was a vacuum). All of 

these evidences made it clear that light 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 aether, which 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 in order to fill space, 
but such a fluid that was millions of times more rigid than steel, 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, non-dispersive, incompressible, and continuous 



  আবর্ত: দ্বির্ীয় সংখ্যা ২০২১ 

 

25 
 

at a very small scale. So, there 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 moving. 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 done using an interferometer, 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 at a distance. 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 fringe pattern. 

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: 

 

Description of the Michelson Interferometer: 

It consists of a monochromatic 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 figure 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 horizontal, which splits the rays 

into two equal rays of same intensity at right angles. 

One of the two rays is transmitted to mirror M and other one is reflected 

through beam splitter to mirror M2. The rays are reflected back from both 

the mirror M and M2 reunited at the semi-reflecting surface. Then, it is 

transmitted to the lens and then to the eye or screen placed at a distance. 

Mirror M is movable and mirror M2 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 interference 

between the two waves. The complete system was floated on a pull of 

mercury, So, 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 with respect 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. 

 

Let’s consider the earth is moving towards the right with a velocity v. From 

the Galilean Transformational equations (Now 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 of 

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 B in the first figure, 

vx’ = vx – v, where vx is the velocity of light in earth frame. 

or, vX’= c – v 

where, vx’ is the velocity of light going from A to B in earth frame  

and c is the velocity of light. 

Time for light to go from A to B, t1a= L / (c – v) 

In returning to A from B, the speed of the light is, vx = – c, where the negative 

sign indicates the direction. 

vx’= – c – v = – (c + v)   

Time for light to return to A from B, t2a = L / (c + v) 

Hence the total time required for the light beam to go from A to B and then 

to return is,  

t1 = t1a + t1b 

or, t1 = L [
1

𝑐−𝑣
+

1

𝑐+𝑣
] 

or, t1 = 
2𝐿𝑐

𝑐2−𝑣2
 

In the second case the light ray is going from A to C, and then returning. 

vx’ = vx – v, where vx is the velocity of 𝐴𝐶⃗⃗⃗⃗  ⃗ ray in x-direction wrt ether frame. 

or, 0 = vx – v, vx’ is zero because the velocity is on the x-axis. 

In the time the ray moves from A, vx = v, means it is equal to the velocity of 

earth wrt the ether frame. 

In the y-direction, vy’ = vy, where vy and vy’ 

is velocity of light (𝐴𝐶⃗⃗⃗⃗  ⃗ ray) in y-direction 

wrt ether frame and earth frame 

respectively. 

Hence, we can say, adding up the previous 

two equations, 

vx2 + vy2 = v2 + vy’2 
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or, c2 = v2 + vy’2 

or, vy’ = √𝑐2 − 𝑣2                 

Thus, time taken by light to reach from A to C is, 

t2a = L / √𝑐2 − 𝑣2 

And time taken by light for returning to A from C is, 

t2b = L / √𝑐2 − 𝑣2 

Hence, t2 = t2a + t2b 

or, t2 = 2L / √𝑐2 − 𝑣2 

or, t2 = 2L / c√1 − 𝑣2/𝑐2 

Hence, ∆t = t1 – t2 = 
2𝐿

𝑐
 (

1

1−(𝑣2/𝑐2)
 – 

1

√1−(𝑣2/𝑐2)
) 

When v/c ≪ 1, 

1

1−𝑣2/𝑐2
−

1

√1−𝑣2/𝑐2
 = ( 1 − 𝑣2/𝑐2)-1 – (1 − 𝑣2/𝑐2)-1/2 

≈ (1 + v2/c2) – (1 + v2/2c2) 

= v2/2c2 

So, ∆t ≈ Lv2/c3 

Thus, the corresponding path difference will be, c∆t = Lv2/c2 

Now if we rotate the system by an angle of  
𝜋

2
, the two beams will interchange 

their time of traversals. 

Hence the effective path difference will be, 2c∆t = 

2Lv2/c2 

And the resultant fringe shift will be, 2c∆t/λ = 2Lv2/λc2 

The experiment was carried out by Michelson and 

Morley taking L = 11m and λ = 600nm and considering 

the velocity of earth wrt the ether as 30km/s, the 

fringe shift they got is, 2Lv2/λc2 ≈ 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 conclude that there was no ether or absolute frame at all. This 

conclusion was supported by Einstein’s second postulate of the special 

theory of relativity. The concept of ether was vanished after the null result 

of the experiment. 

Thus, the plan of the experiment 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. 

This experiment measured the speed of light in the direction of earth’s 

motion and also the speed of light at right angle to the earth’s motion. Both 

the speeds were found to be the same. This result discredited the ether 

theory and ultimately led to the foundation of the ‘Special Theory of 

Relativity’ by Albert Einstein, that the speed of light is a universal constant. 

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 

that’s never been seen before. Nicknamed ‘black nitrogen’, this new 

substance bp-N is crystalline, occurs in two dimensional sheets, and could 

one day be useful in advanced electronics. 

In modern periodic table, Mosley organized the 

elements into a periodic table by atomic 

number. An element’s atomic number is the 

total number of protons present in an atom. 

Because the 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 table, there 

is one golden rule for carbon, oxygen and other 

lighter elements – under 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 allotrope – dinitrogen (which exists as 

gas at room temperature) and doesn’t have any other form that resemble 

heavier elements in the group 15. This was always considered a bit weird, 

but the new study at the University of Bayreuth shows that nitrogen isn’t an 

exception to the golden rule, as has long been believed. 
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We know N2 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. Phosphorus, on the other hand, which is in the same group 

of the periodic table immediately underneath nitrogen has three different 

forms or allotropes – white phosphorus (which is very reactive), red 

phosphorus and black phosphorus. Now, the black phosphorus has an 

orthorhombic pleated honeycomb structure and it is thermodynamically 

most stable allotrope of phosphorus at room temperature and pressure, as a 

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 N2 has the strongest possible bond between two 

atoms, a so-called triple bond and any other form of nitrogen would 

decompose to form gas with a huge release of energy. 

It took truly extreme conditions to produce bp-N or black nitrogen. The 

compression pressure was 1.4 million times the pressure of the Earth’s 

atmosphere and the temperature was a bit over to 4000 degrees Celsius. 

Under the leadership of Dr. Dominique Laniel, the researchers at University 

of Bayreuth have built a very special piece of apparatus that 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 beam is 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 the whole of the 

apparatus. And when they heat it up, the 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 



  আবর্ত: দ্বির্ীয় সংখ্যা ২০২১ 

 

32 
 

atmospheres, the nitrogen becomes actually black and the exciting thing is 

that when they heat it up at 1.4 million atmospheres, it suddenly goes 

transparent. 

• 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 X-rays. When 

they shone the X-rays on the crystal of the transparent stuff, the X-rays are 

diffracted to a series of spots and 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 density functional 

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 material bp-N 

(where bp is for black phosphorus and N is for nitrogen). 

 

And the most interesting thing is that this bp-N or black nitrogen is actually 

transparent and the solid nitrogen from which it’s formed is black. In black 

phosphorus, the bonds between each phosphorus atom are at the same 

length but in the nitrogen form, some of the nitrogen atoms are closer 

together than the other one. This means the electrons in 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 composed of two-dimensional layers in which 

nitrogen atoms are cross-linked 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 high-tech applications. However, 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. Nevertheless, nitrogen remains a 

highly interesting element in material research. 
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▪ https://en.wikipedia.org/wiki/Allotropes_of_phosphorus#Black_phosphorus 

▪ https://www.uni-bayreuth.de/en/university/press/press-releases/2020/087-

black-nitrogen/ 

▪ https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.2160014.  

▪ https://newatlas.com/materials/black-nitrogen-allotrop 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Allotropes_of_phosphorus#Black_phosphorus
https://www.uni-bayreuth.de/en/university/press/press-releases/2020/087-black-nitrogen/
https://www.uni-bayreuth.de/en/university/press/press-releases/2020/087-black-nitrogen/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.2160014
https://newatlas.com/materials/black-nitrogen-allotrop


  আবর্ত: দ্বির্ীয় সংখ্যা ২০২১ 

 

34 
 

Phase Transition: A Brief Discussion 
~ Kabyik, Nandy 

4th Semester, Dept. of Physics 

J.K. College 

Some phases of matter are familiar to us from everyday experience: solids, 

liquids and gases. Solid H2O (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: solid, liquid, gas and plasma. But 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 semi-conductors 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 assume for 

simplicity that a substance can exist in 

solid, liquid and gas phases and plot 

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 it says 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 

temperature (purple region), is the 

liquid phase. 

This line does not go down forever, at a certain state 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 phase is 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 

exception? Water is an exception. It’s melting curve has a negative slope. 

With increasing pressure it’s melting point decreases. Because of this we are 

able to make snowballs. In 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 crystal to a more 

densely packed crystal and ultimately at very high pressures things would 

become extremely densely packed. 

The curve that separates liquid phase from gas phase is called the liquid gas 

coexistence curve because like before on that curve at that pressure and 

temperature, liquid and gas phases coexist. And it is called boiling curve 

because we can find 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 beyond that 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 temperature 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 it 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 coexistence 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 liquid and 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 go 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 changes discontinuously, 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 do this transition becomes 

less and less; till the latent heat vanishes 

at the critical point and beyond that there 

is no distinction. What else distinguishes 

a liquid from a gas? So, certainly there is 

the surface tension; that too vanishes at 

critical point. The surface tension 

decreases as we move up along the curve 

till at the critical point the surface tension 

vanishes, the meniscus disappears and 

the phase above that is just a homogeneous fluid phase. Everything that 

distinguishes a gas from a liquid disappears at the critical point. Even the 

density starts matching. That difference in density goes on vanishing till the 

critical point and then the difference disappears. The discontinuous phase 

transition becomes continuous phase transition, because the density 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 P-V 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 equation 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 Waal’s 

equation of state. The equation looks like this: 

(𝑃 +
a 

𝑉2
) (V –  b)= RT for one mole. This is a 

cubic equation in V. So, if we keep T constant 

and by plotting P vs. V, we will get a graph like 

this (T < TC).  

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 because this equation 

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 the other hand 

if it is flat, which means it is very compressible. 

Now, how would a curve like this (T < TC) 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 get when a minimum and a 

maximum come together? This maximum goes down and 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 

minima together and all the maxima together 

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 

physically possible. So, this part of the curve 

cannot be right. 

 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 volume decreases up to point G1. Then 

it would have started going down, but that is 

not possible. So, it jumps from G1 to point L1 

and after that it is now become a liquid, so we 

have to increase the pressure a lot more in 

order to make a small decrease in the 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 L1 and jumps to G1 and then becomes a gas. 

So, in the forward cycle and the reverse cycle, in 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 happens in 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 enough. No, hysteresis 

happens in this phase transition. If it did our refrigerators will not work.  

What happens instead is the following. 

During increasing the pressure from the 

gas phase, instead of going all the way up 

to G1, it decides to condense in between 

the minimum and the maximum at some 

very specific point (let us call it G2) and 

jumps to point L2. In the reverse cycle 

during decreasing the pressure from the 

liquid phase it jumps exactly from L2 to 

G2 and follow the same curve. That is 

what is observed and at higher 

temperatures also a similar thing is noticed.  

So, if we plot that correctly the envelope becomes like this; and the isotherms 

at lower temperatures will look like this. 

 

Now you can ask what happens if we took the system at a point 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 the vapour 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 

minimum and the maximum is called the 

unstable region and the region left under the 

envelope is called the metastable region. And 

the horizontal lines are called tie lines. 
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World’s Best Designers 

~ Rajlaxmi Chatterjee 

                                                                                        2nd Semester, Dept. of Zoology 

                                                                                              J.K. College 

 

8.7 billion species inhabit the planet Earth with the same motto – ‘to live 

better’. Yet, some of the organisms are 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 are a young species who have created a turning point in the history of 

life and landscape with our creative aspiration. Today, we are almost 

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

fiction and one could only dream of ‘riding a Pegasus’. Leonardo da Vinci was 

may be the first to have attempted to sketch several approaches on flying by 

‘observing birds’. Some approaches were brilliant and some were brave. Not 

to ignore the fact that he once attached wings on his student’s arm who took 

off from Mt. Ceceri and broke a leg. Eventually, the Wright brothers flew the 

world’s first airplane. 
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So, we realized that the ‘possibilities’ that we see today are the outcome of 

inspiration derived from nature in the past. 

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

observe. 

In parables, owls are often associated with wisdom and quietude. But the 

fact is true that owls have quieter flight than other birds, considering which, 

today owl-features serve as a model for 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. 

It’s the structure of woodpecker’s head from 

where the idea of developing a shock absorbing 

football helmet was drawn. A woodpecker 

doesn’t need a helmet even after hammering at 

25 pecks/sec on a tree trunk that would easily 

lead the species towards extinction. Thanks to 

the ‘hyoid apparatus’ of woodpecker that helps 

reduce impact to the brain. 

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

Such interesting tales of using nature’s blueprints in engineering and design 

are compiled in Janine Benyus’s book, who first coined the term: 

‘biomimicry’ and ‘bioinspiration’ for this approach in 1997. One can 

understand by the word itself: ‘bio’ meaning life and ‘mimicry’ means 

imitation. 

Janine Benyus, a biologist, innovation consultant and an American natural 

science writer, said “there are very deep methods of learning about nature, 

but not much about learning from nature.” 

Biomimicry is a new way of taking ideas from nature and applying them into 

different disciplines of development. 

David Oakey, a designer, gave a wonderful insight to the world “You don’t 

require to have a biology background! Once you develop an eye, you will see 

inspiration everywhere.” 
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If we look around, we have already taken instructions 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. Indeed, we are 

more drawn towards nature by its aesthetics or beauty than its functionality. 

American painter Barnett said, “Aesthetics is to artists what ornithology is for 

birds”. 

• What could be a better example of natural aesthetics than a 

peacock’s colourful feather? 

A peacock’s bright blue-green feathers are not just the outcome of pigments 

alone but also layers of structure that reflect specific wavelengths of light. In 

similar ways, the wings of butterflies have membranes with tiny scales that 

reflect light, resulting in iridescence. This so-called ‘structural colouration’ 

can be a better alternative for paints. Also, it has potential for application in 

biomimetic tissues and adaptive camouflage. But today’s techniques, to 

make it come true, are time-consuming and costly. 

In 1866, a Swiss engineer called Karl Cullman realised that the internal 

structure of femur made the human thigh bone very strong, and he copied 

the design to invent a crane. The world-famous Gustave Eiffel used the same 

design in 1887 to inspire the strong crisscross metalwork of the Eiffel Tower 

in Paris. 

Even before 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 the world has already prioritized sustainability, biomimicry-

researchers argue that it is the most influential and guaranteed source of 

inspiration for the designers pursuing eco-friendly solutions. The jagged 

scales of Fireflies are mimicked into LED bulbs to enhance glow and save a 

good amount of energy. Bullet trains have successfully eliminated noise 

pollution while passing through tunnels by mimicking the aerodynamics of 

kingfisher’s beak’s structure that splashes minimum water and makes 

minimum noise while catching its dinner. The well-designed flippers of the 
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Humpback whales can also 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 the increased possibility of a sustainable 

future. 

But still, we are at the early stage of design-processing and using bio-

inspired toolkits. A lot of technological and economic challenges are holding 

us back from living in an energy-efficient and toxin-free environment 

inspired by biomimicking technology. 

Our planet has sustained life for 3 billion years. As I mentioned earlier, 8.7 

billion species are discovered, suggesting their own best ways to get things 

done as if by nature, they know what works and what lasts.  

• References: 

▪ http://www.biomimicry.org 

▪ ‘Biomimicry’ and ‘The promise of biomimicry’ at http://www.treemedia.com 

▪ Engineered biomimicry by Akhlesh LakhtakiaRaúl José Martín-Palma 

▪ https://www.seas.harvard.edu/news/2016/11/new-technique-structural-

color-inspired-birds 

▪ http://personal.strath.ac.uk/j.wood/Biomimetics/inspirtational%20designs

/Eiffel%20Tower_files/Eiffel%20Tower.htm?fbclid=IwAR1Ym8UFH1Q5QAK

uNGVdnoyapxp5SB0ERn8oXwvkvYk4ps8A3825PNc-VYo 
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Mind Twitching Facts of Quantum 

Theory 

~ Aman Kumbhakar 

 4th Semester, Dept. of Physics 

 J.K. College                                                                                     

 

“If it is correct, it signifies the end of physics as a science” 

  – Albert Einstein 

• Quantization: 

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

system is. If a system can be divided into some small indivisible units, then 

that system is called ‘Quantized System’ or ‘Discrete System’ and if the 

system can be divided infinite times, then that system is called ‘Continuous 

System’. As an example, is charge a discrete system or a continuous system? 

If we know just the high school level science, then we will immediately say 

that charge is quantized, because we can’t get less than an electronic charge 

(1.6×10-19 C). But whenever we experiment with 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 I say distance is also quantized? Distance is also quantized and the 

minimum value of distance is roughly the Planck’s length (~10-35 m). Not 

only the distance but quantum theory tells us that every dynamical variable 

(a physical quantity whose value or 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 that the energy 

of a photon is quantized and the minimum value of that energy is hυ [h = 

Planck’s Constant, υ = frequency of light]. Basically, we can say quantized 

value of any dynamical variable is the building block of our universe, but we 

can’t see them nor feel them.  
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• Wave-Particle Duality:   

One of the most fundamental truth of the nature is that wave and particle are 

two sides of a same object, just like a coin has two sides: heads and tail. This 

phenomenon was first observed as photo-electric effect, which was 

explained by Albert Einstein in 1905. Few years later, French physicist Louis 

De Broglie proposed that not 

only light but each and every 

material particle shows wave-

particle dual nature. This gave 

the correct explanation of 

Bohr’s Electron Model for 

Hydrogen like atom. Later this 

hypothesis was experimentally 

proved by Davisson and 

Germer. 

Now, the question is, what kind of a Wave is this? It is a matter wave. What 

is Oscillating here? Probability 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 Austrian physicist Erwin 

Schrödinger, famously known as Schrödinger Equation. The Schrödinger 

equation is,  

−
ℏ2

2𝑚
𝛻2𝜓(𝑟, 𝑡) + 𝑉(𝑟, 𝑡)𝜓(𝑟, 𝑡) = ⅈℏ

𝜕𝜓

𝜕𝑡
(𝑟, 𝑡) 

Now you can question me what about a macroscopic body like your book in 

your hand? A wave is also associated with the book but the wave length is 

very small compared to the book’s size and that’s why the particle nature 

won the race here and you will see yourself or the book as a particle/body 

and for this type of situation classical physics gives good approximation of 

results but for microscopic particles like atoms or molecules where the 

wavelength associated to it is not smaller than the particle’s dimension, 

quantum physics starts to show its real nature. 
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• Same Experiment Can Give Different Results: 

Suppose I have constructed a beam splitter which reflects half of the incident 

light and transmits another half. As we previously know, light has dual 

nature – wave and particle. Now, think of light as a particle, then which 

photons will reflect and which ones 

will transmit? We can say that of the 

incident photon will reflect and the 

other half will transmit. But different 

photons give us different results!  We 

can’t say which one will get reflected 

and which one will get transmitted, all 

we can say is the probability of 

reflection is ½ and probability of transmission is ½. We can write the result 

of this experiment through a notation using the concept of vector space.  

               |Incident Beam⟩ = 
1

√2
|Reflected Beam⟩ + 

1

√2
| Transmitted Beam⟩   

‘|⟩’ this symbol is called ‘ket’ and represents any state or event and the square 

modulus of coefficient with this symbol represents the probability of that 

event. 

• A Particle Can Stay in More Than One Place (Superposition 

Principle):  

Let us take the double slit experiment. Double slit is just two slits kept in 

some distance. We usually throw particles or waves 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 pass waves through these slits then 

they will show an interference pattern. 

Now, what will happen for an electron? 

We had shown that electron has both 

wave and particle nature. If we place 

electron gun towards the double slit 

apparatus, it will show you an 

interference pattern like wave. Now, if 

we adjust the speed of electron gun and 
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make it so low that at one time only one 

electron will pass through the slits, 

where the first electron will appear? 

Simply we can’t say. We can just say the 

probability. But after some time when 

sufficient electron will hit the detector, 

we will clearly see the interference 

pattern. Now, let’s try to understand 

this interference pattern from particle 

point of view. Let’s suppose that it went 

through the top slit. If that was the case 

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

temporarily closed up. But with only top slit open, the electron 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, we 

conclude that the electron could not 

have gone through top slit. Standing 

this argument on its head, we conclude 

that the electron could not have gone 

through bottom slit either. Then what is 

really happening? The conclusion is 

that this indivisible electron went 

through both the slits! In terms of 

classical intuition this is a nonsense 

conclusion, but in terms of quantum 

theory’s superposition principle, 

however it makes perfect sense. We can 

represent the electron’s path as 

 
1

√2
|Path from upper slit⟩ + 

1

√2
|Path from bottom slit⟩. 

So, we have seen that a particle can stay in more than one place!  

• Observation Disturbs the System 

In previous experiment of double-slit with electron, we have seen that 

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

Double slit experiment with wave 

Interference pattern for electron over 
time 
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near the slits who can observe a single electron’s trajectory? At first look, it 

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 

observer, electron doesn’t behave like a wave anymore and they gave us just 

two bright spot opposites to each slit, rather than an interference pattern. It 

means when we observe, the electron starts behaving as a particle. Actually, 

when we observe the system, we have disturbed them and they can’t take 

more than one result, they have to get one result squeezed in. This is called 

the collapsing of a wave function. So, are electrons more advanced than us – 

do they know whether we are observing them or not? 

• Heisenberg’s Uncertainty Principle:  

If I throw or kick a ball 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 not – 

just give me some instruments or tell me the equation of the motion of that 

ball and I will give you the answers of both the questions simultaneously, 

either by experimenting or calculating. But if I give you a quantum particle 

e.g., electron and doesn’t matter how advanced instruments I give, we would 

not be able to tell the position and velocity of the electron at the same time, 

and this is Heisenberg’s Uncertainty Principle; which states that the product 

of the position and momentum uncertainty roughly equals the value of the 

Planck’s constant. Mathematically, ∆x∆p ~ h, where ∆x and ∆p are 

uncertainty or standard deviation of position and momentum and h is the 

Planck’s constant. This is not the inability of the instruments though, it’s the 

fundamental nature of our universe. Basically, if you want to know more 

about ball’s position then you have to lose the knowledge about its 

momentum and also vice-versa. This principle is not only applicable to 

position and momentum, it is also applicable to other conjugate variables 

like, energy and time (∆E∆t ~ h), angular momentum and angular position 

(∆L∆θ ~ h) etc. 
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• 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 you, quantum tunnelling is the main reason for our universe 

and our existence, don’t be surprised, because some advanced theory 

says that the big bang happened due to this phenomenon. Sun shines 

because of this, radioactivity occurs because of this. But what is quantum 

tunnelling? Quantum particles can go through any barrier (it can be 

physical like wall, can be just potential e.g., p-n junction in a 

semiconductor) which has more energy than that particle. But classically, 

if you have not enough energy you can’t go through any barrier. It maybe 

strange but it is true. We can’t tell which particle can go through the 

barrier and which one cannot, all we can just say is probability. We will 

find that Heisenberg’s uncertainty principle and Schrödinger’s equation 

somehow exactly states this. As in the figure, the box in the middle shows 

the potential barrier, a particle 

came from the left side and 

represented by a wave A𝑒𝑖𝑘𝑥, when 

the particle makes collision with the 

potential barrier, some amplitude 

go reflected and some amplitude of 

wave enters the potential, then they 

decay exponentially and come out 

as a sinusoidal wave A’𝑒𝑖𝑘𝑥, where 

A’ < A. The probability of finding the 

particle on right hand side is much less than the probability on the left 

side. Take a physical example from radioactivity. -particle or He2+ ion is 

one of the elements which comes out from the nucleus in radio-active 

decay. The energy of an α-particle which comes out falls in the range 

between 4-9 MeV only, but the potential energy of the nucleus is much 

higher than this. Then the question arises, how did an α-particle come 

from inside the nucleus?  The answer is they show the tunnelling 

phenomenon. If we do calculations of tunnelling to go through the wall in 

front of you, we will find the result approximately 10-40, that’s why we 

can’t go through the wall and we don’t do quantum calculation for us 

because classical physics gives us a very good approximate result. 
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• Quantum Entanglement: 

Quantum entanglement is the heart of the quantum theory. Entanglement 

means a connection between two things and if we know about a thing, we 

will automatically gain a knowledge about the other one. As an example, 

suppose you have two pens, one is blue and another one is black, and 

because we are good friends you gift me a pen. Now, your mom wants to 

know which pen you gave me. She 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 called 

‘Entanglement’. Let’s go back to the quantum world. There has been a 

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. We can’t say whether the electron is spin up or spin down, all we can 

say is the probability. |↑⟩ represents spin up and |↓⟩ represents spin down. If 

an electron is represented by   
1

√2
|↑⟩+

1

√2
|↓⟩, then the probability of the spin up 

electron is ½ and the spin down electron is ½. |↑⟩⊗|↓⟩ represents two 

entangled electrons, the 1st electron is spin 

up and 2nd one is spin down. Now, suppose 

we have created two entangled electrons 

|↑⟩⊗|↓⟩ + |↓⟩⊗|↑⟩; the notation says that 

two electrons are entangled in such a way 

that if we do a measurement and find the 

1st electron to be spin up and then with-out 

measuring the 2nd electron, we can say the 

2nd electron is spin down. Similarly, if 1st 

electron is found to be spin down, 2nd 

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 and another one is still in the Andromeda Galaxy at this moment. If we 

do measurement on 1st electron (which is on earth), automatically we will 

get the information about the Andromeda’s electron. Sounds ridiculous! 

Now think, can we send data at a speed more than the speed of light, using 

quantum entanglement? 
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• Schrodinger’s Cat: 

It is a thought experiment introduced by Erwin Schrödinger to explain 

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

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

and a box of poison gas. There’s 50% chance that the source will emit 

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 as 
1

√2
|alive⟩ + 

1

√2
|dead⟩, that means the cat is actually in 

a superposition state of life and death. 

When we open the box, there’s 50% 

chance that the cat is alive and 50% 

chance that the cat is dead and if you find 

the cat is dead then quantum 

mechanically, you killed the cat! Strange! But we can’t see this type of 

absurd things in our real life, this can’t be true, even Schrödinger himself 

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 electron can be in a linear superposition of spin up and 

spin down but the cat can’t. Everyone told that if h (Planck’s constant) 

tends to zero or if wave length is very small compared to the dimension 

of particle then quantum mechanics tends to classical mechanics. 

• Einstein’s Thinking and Bell’s Theorem: 

Whatever I told is Copenhagen interpretation of quantum theory and not 

all scientists used to agree with that and one of them is Albert Einstein. 

The quantum theory somehow starts from Einstein’s theory of photo-

electric effect but his love-hate story with Quantum mechanics makes 

things very beautiful. He tried many ways to disprove Quantum theory. 

Einstein, Podolsky & Rosen published the famous EPR Paradox. Einstein 

questioned how a particle can stay in more than one place? and if 

quantum entanglement is true then this is the absolute violation of 

Special Theory of Relativity. In EPR Paradox, he told us that quantum 

mechanics is true but incomplete, there must be some hidden variables, 

that decides which probability should take place. Somehow two 
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entangled particles are related to this variable. In the first half of the 20th 

century, the scientists were divided among two groups, one who believed 

hidden variables are real and one who didn’t. In 1964, John Bell showed 

that there’s nothing called hidden variables and Einstein was wrong! 

Now, What about quantum entanglement? Actually, the two entangled 

particles are related with the same wave function and because the wave 

function can be spread till infinity, only one measurement is enough to 

collapse the whole wave function. But this doesn’t give us the answer that 

if we can send an information at a speed more than the speed of light. You 

are on earth now and suppose I am in mars; you have one electron and I 

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 I must 

have spin down electron but I am in mars and how I would know that? 

You have to send me some signal and here is the problem! We can’t send 

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 encoded the information in Entanglement? As once Stephen 

Hawking said, “Not only does God 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, Dept. of Chemistry 

                                                                                     J. K. College, Purulia 

 

There is a saying that less is more. And recent researches on medicinal 

chemistry have almost confirmed it. I am talking about medications. It is not 

that diseases like cancer or diabetes cannot be cured or there are no suitable 

drugs for them, but the problem here is the traditional drug delivery system 

is not proper for them. And that’s where targeted drug delivery systems 

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. Let’s say a person is having pain in the left knee. 

So, 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. The neutralized part is 

called metabolites, which is now of no work! The remaining part 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 method. Some 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 mechanism –  

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 chemotherapy have found to 

lose their hair, because it targets all rapidly dividing cells, including 
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cancer cells as well as healthy cells, also causing lot of other side effects 

which could be fatal sometimes. 

An analogy used for current medications is that, ‘the current medication is 

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 

cause harm.’  

So, we need a way to target the medicines, so that, it only 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 drug and find the perfect drugs or, 

2. There are drugs that are known to work but not able to reach the site. We 

could use that by changing the way it is delivered. Here comes nanoscience 

as a potential solution. But what is nanoscience? Nano is one billionth of a 

meter! A normal human hair is 100,000 nm thick and here we are talking 

about 3-20 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 is an outer layer which will protect 

the drugs from being deactivated by the enzymes and chemicals in our body, 

and also will help to find the site and make it activated where it is required, 

like a vehicle which will carry it throughout the body and drop it at the 

targeted place. 

As the picture shows, the red and 

white cage is our vehicle and the 

blue ball, inside the cage, is our drug. 

These drug carriers can be made 

from a variety of different materials, 

some could be natural like starches, 

lipids, some could be synthetic like 

polymers, some could be inorganic 

including gold nanoparticles, some could be nano-sized 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 nanoparticles to help penetrate 

the blood-brain barrier. We can try to develop nanoparticles which will 

recognize specific markers on cancer cells or the damaged cell and deliver 

drugs in high concentration on these sites but not to the normal cells. 

A recent research has developed nanoparticles for application in imaging 

tumors. They encapsulated fluorescently labelled genes within the 

nanoparticles.  

As shown on the PANEL-B, after they injected animals with these 

nanoparticles, there is a bright red fluorescent colour within the abdomen of 

the animals, the reason is these nanoparticles are accumulating at the site of 

the tumors and in PANEL-A, these animals don’t have any cancer or tumor 

development, so after injecting with same nanoparticles, there is an absence 

of the red colour. These nanoparticles can also be used as a strategy to 

reduce tumor growth. 

But in some cases, liver can still create some problem by destroying the 

nanoparticles identifying these as foreign objects and preventing the drugs 

to reach the site. So, the future strategy to improve nano-particles 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 years old malaria drug can partially stop 

the immune cells from internalizing the nanoparticles and escape the liver. 

Another strategy could be, to use the body’s own nanoparticles. All of us have 

nanoparticles 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 

 

B 
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nanoparticles can be found in saliva, blood, urine, pancreatic juice, we can 

collect them and use them as carriers. So basically, we can use Trojan-horse 

based concept to fool the liver. But there is still 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 nanoparticles, which have been already approved, for example, 

VYXEOS CPX-351 which is a Liposomal formulation of cytarabine: 

daunorubicin which is approved to be used for acute myeloid leukemia, 

Doxil Caelyx (Janssen, 1996) which is a Liposomal doxorubicin (PEGylated), 

used for Ovarian cancer (secondary to platinum-based therapies), HIV‐

associated Kaposi's sarcoma (secondary to chemotherapy), Multiple 

myeloma (secondary). Myocet (Teva UK,2000) which is a Liposomal 

doxorubicin (non‐PEGylated) can be used for treatment of metastatic breast 

cancer (primary) Also, there are many drugs which are being developed and 

being approved for fungal disease, hepatitis B, and even cancer etc. In near 

future we can expect to develop drugs that can change the medicinal 

industry in such a way that every disease can be cured. 
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Concept of Temperature 
                                                                                         

~ Dr. Nityananda Das, 

                                            Associate Professor (Department of Physics),                                                                      

                                                                                        J.K. College, 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 

don’t get in trouble in understanding science. Because, whatever is discussed 

in science, is the mathematical formulation 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 store them in our mind. To discuss our perception of 

science, we can consider some very common concepts and laws in physics. 

These are pressure, temperature, heat etc. People who don’t know physics 

(by traditional education system), they also have a sense of these things. 

When a person goes inside water, feels the effect of water-pressure quite 

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

ovens and so many hot and cold bodies, which we have experienced in our 

daily life. These don’t need any traditional exposure of the laws of physics. 

Temperature is the degree of hotness or coldness. This is something that we 

can feel. We don’t touch a hot iron rod. We feel hot when the temperature is 

high (about 36C or above). From this, we can get an idea of how much 

hotness can be felt if the weather temperature is about 50C. We feel cold 

when we touch ice at 0C. But this is not only 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. In the winter season, if the weather temperature is, say, 10C, 

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 sense of hotness or coldness. 

So, only temperature doesn’t give us the degree of hotness. In this example, 

the water seems to be colder because the 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 to the 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 at a higher temperature 

compared to the other. Zeroth law of thermodynamics tells 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 the human body temperature, then heat will get 

transferred from the body to the surroundings. So, should we feel cold when 

the atmosphere is 36C or 35C? These are lower temperatures than the 

body temperature (37C). Definitely heat will flow from the body to the 

atmosphere and we should feel cold. But that doesn’t happen. It’s our 

experience that we feel sufficiently hot when the atmosphere is at 35C. Here 

we should explain this and then proceed to explain in general. 

Our body produces heat by metabolism. The excess heat needs to be 

released. If the weather temperature is 37C, the body can’t release heat and 

we feel warm or even hot. The heat needed to be released from our body 

needs weather-temperature to be something less than the body-

temperature. It is approximately 21C at which the body feels normal by 

releasing the heat required to transfer. 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 these discussions 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 about the pressure. 

The temperature is not the only factor to discuss about the sense of hotness 

and coldness. This needs pressure to be discussed. 

If the atmospheric pressure is reduced by one half of the normal atmospheric 

pressure, the feeling of hotness is reduced. I mean, 36C temperature when 

the atmosphere is at 1 Atmos, is more ‘HOT’ than the 36C temperature, 

when the atmospheric pressure is ½ Atmos. This easily comes from 

mathematics.  

𝑃 =
1

3
 𝜌𝑐2  =  

1

3 
𝑚𝑛𝑐2                                         … (1) 

where, m = molecular mass. 
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n= no. of molecules per unit volume. 

c = rms speed of the molecules. 

 = density. 

 

Using equation (1), we get, 

𝑐2 = (
3𝑘

𝑚
)𝑇                                                  … (2) 

𝑃 =  
1

3 
𝑚𝑛 (

3𝑘𝑇

𝑚
)  = 𝑛𝑘𝑇                                    … (3) 

 

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

doubled (keeping n = constant). 

When temperature is at a higher value than the body temperature, heat will 

get transferred from the atmosphere to the 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 1000C, 10,000C or 1,00,000C and we reduce the 

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

say 10-3 mbar, means 10-6Atmos or even below 10-10 Atmos and so on), the 

density of particles becomes so low that the transfer of heat from that much 

higher temperature to our body is negligibly small, and doesn’t cause any 

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 leg, is kept inside a bath at 100,000C and 

pressure at 10-6 Atmos or 10-10 Atmos, that portion gets negligible heat from 

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

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

parts of the body to release heat and we don’t feel any burning effect. So, in 

this way, we can think about the effect of temperature, not being afraid of 

the value of temperature only.  

 

Instead of considering atmosphere, we can proceed further by considering a 

gas of particles of mass 1g. Now find the rms speed of these particles when 

temperature is 20C and pressure is 1 Atmos.  
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As, 

𝑐2 = (
3𝑘𝑇

𝑚
)  = [3 × 1.38 × 10−23 × (273 + 20)]/[1 × 10−3] 

This gives  

𝑐2 = 1213 × 10−20 = 12.13 × 10−18  𝑚2/𝑠𝑒𝑐2 

∴ 𝑐 = 3.48 × 10−9 𝑚/𝑠𝑒𝑐 

Consider this gas is kept in a box of 1 m3. 

Pressure is, say, 10-10 Atmos. 

1 Atmos = 105 Newton/m2 = 10 N/cm2 

Now let’s have a sense of 1 Atmos. 

If acceleration due to gravity is taken as 10N/kg (9.8 is approximately 10), 

that means 1 atoms pressure is same as the force exerted by 1kg mass on 1 

cm2 on the Earth’s surface. So, we have the sense of 1 Atmos pressure. 

10−10 𝐴𝑡𝑚𝑜𝑠 = 10 × 10−10 = 10−9 𝑁/𝑐𝑚2 

 

Now, let’s calculate the density of particles. 

𝑃 =
1

3
𝑚𝑛𝑐2 

𝑃 = 10−9
𝑁

𝑐𝑚2
= 10−5 𝑁/𝑚2 

𝑐 = 3.48 × 10−9 𝑚/𝑠𝑒𝑐 

𝑚 = 10−3 𝑘𝑔 = 0.001 𝑘𝑔 

So, 10−5 =
1

3
 × (0.001)𝑛 × 12.13 × 10−18 

or, 𝑛 =
10−5×3

0.001×12.13×10−18 

= (
3

12.13
) × 1016𝑚−3 

= 0.25 × 1016𝑚−3 

∴ 𝑛 = 25 × 108 𝑐𝑚−3 
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Number of particles colliding with the wall = 1 × 3.48 × 10−9 × 25 × 108 =

8.7 𝑐𝑚−2𝑠𝑒𝑐−1 

 

We can approximately say that 10 particles (8.7 is approximated as 10) 

collide per sec per square cm or we can say that 1 particle collides in 0.1 sec. 

So, if a microphone of diaphragm of area 1 cm2 is used as a pressure sensor 

and connected to an oscilloscope, we observe peaks at the interval of 0.1 sec.  

So, what can we say about the pressure in between the two peaks? 

Another point to note is the rms speed. 

We can think about the measurement and sense of 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 peaks observed in the oscilloscope are not of the same height. This is 

because the particles follow a speed distribution. So, we observe peaks of 

different heights on the oscilloscope screen. Now comes a new situation and 

we have to engineer the problem of measurement of pressure. At the 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 by mercury thermometer. 

But, if we try to measure the 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 

equilibrium. It’s clear that the situation is much more difficult to measure 

temperature when only one particle collides with the thermal sensor in each 

0.1 sec per square cm. 

So, what’s the solution! Whatever we use as the thermal sensing property, 

we have to wait for some time to reach the thermal equilibrium. We can use 

thermocouple, or many other material properties such as magnetic 

susceptibility for measurement of temperature. But the question doesn’t 

stop here. We can think of a situation when a particle collides in 1 sec, 1 

minute, 1 hour or more. 
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For example, a single particle kept in a box of 1 m3. Mass of the particle 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 straight forward. We have to wait for several days or may be 

one year to measure the temperature or pressure of such a system. That’s 

puzzling and give rise to some questions in mind. Anyway, that is to be solved 

by some other methods. But, a query regarding the concept of temperature 

and pressure seems to be redefined. When the system of one particle of mass 

1 kg confined in a box of 1m3 and 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 concept of temperature as well as 

pressure. If we consider that the system has reached thermal equilibrium, 

then according to our concept of thermal equilibrium, we can say that the 

temperature of the system is same as the temperature of water bath say, 

20C. That means, the 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 

to contradict our sense of temperature. Because, we can’t think that a 

particle moving with constant velocity has a temperature. But, it’s true. 

This is the situation that scientists face in measuring the temperature of 

celestial bodies. So, there is a need to extend our traditional concept of 

temperature to a more general concept that can explain the temperature of 

this type of systems. 

In this way, we can think by extrapolating our physical situation by changing 

mass, time and length. We can extend our ideas of the natural phenomena 

and gradually we can uplift the sense of things which we don’t face in our 

daily life. But we have to get these ideas for understanding the nature as a 

whole. We can move towards a unified view of nature. 
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Now, let’s have the concept of negative temperature. We all know that 0K 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 enables us to define the 

temperature of systems which can’t be explained by the concept of 

temperature we had in our mind so far. This is easy. This can be explained 

from the definition of entropy change of a system. We have the definition, 
1

𝑇
=

𝑑𝑆

𝑑𝑈
                                                       … (4)  

where, dS is an infinitesimal change in entropy and dU is the infinitesimal 

change in internal energy of a system. 

 

Now, consider a system of N number of magnetic dipoles. An external 

magnetic field ‘B’ is applied to the system in a particular direction. 

Considering the dipoles are non-interacting, all the dipoles will be oriented 

in the direction of the applied field and the energy of a system is minimised.  

 

𝑈 = −𝑁(𝜇 . �⃗� )                                               … (5)  

 where, 𝜇  is the magnetic dipole moment of a single dipole and �⃗�   is the 

external applied magnetic field. 

When all the dipoles are oriented in the direction of the field, the angle 

between 𝜇  and �⃗�  is 0 and the total energy U of the system is (–𝑁𝜇𝐵). 
 

Entropy, 𝑆 = 𝑘𝑙𝑛 Ω = 0 

Here, Ω = 1, because there is only 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 = ½ and hence, two possible orientations). So, 

the number of ways of orientating n particles opposite to the direction of �⃗�  

and the remaining (N – n) particles in the direction of �⃗�  is 𝐶𝑛
𝑁. As the energy 

of the system increases, Ω = 𝐶𝑛
𝑁 increases up to n = N/2, where the entropy 

reaches its maximum value and which is the most favourable state. Further 

increase in energy increases the number of particles orienting in the 

opposite direction of �⃗�  and becomes more than N/2. Then, the value of Ω 

starts decreasing. The entropy vs. energy graph is shown in Figure 1. This is 
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clear from the figure that, dS/dU is positive up to N/2 particles. That means, 

temperature is positive. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Here, 𝑑𝑆/𝑑𝑈 = 0, when n = N/2, which means, 
1

𝑇
= 0, that is  𝑇 = ∞. 

As the value of n increases further, dS/dU becomes negative, which means 

1/T is negative and T is negative (shown in Figure 2). 

When the oppositely oriented particles are just above N/2, dS/dU is just 

negative with a value which is nearly 0. So, 1/T is negative with a very small 

value (tends to zero), i.e., 𝑇 = −∞. 

As the number of oppositely oriented particles increases further, the dS/dU 

is still negative but the numerical value tends to infinity (tangent) which 

means 1/𝑇 = −∞. That is, 𝑇 = 0 from negative side. This is shown in the 

Figure 2.  

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

infinity when n is (
𝑁

2
− 1) and is negatively infinity when 𝑛 = (

𝑁

2
+ 1). 

Just look at the figure and keep on thinking, and understand the sense of 

temperature. 

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

particles are oriented along the field and N/2 particles are opposite to the 

field direction. That is, total dipole moment is zero due to thermal 
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Figure 1. Variation of entropy with energy 
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fluctuation. So, the system is in paramagnetic state. When 𝑛 < 𝑁/2, the 

system is ferromagnetic and 𝑛 > 𝑁/2, the system is antiferromagnetic. 
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Suppose the walls of the container is in thermal contact with a heat bath and 

the temperature of the bath is increased up to 10,000C. 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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Figure 2. Temperature vs. energy. 
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Some Industrial Applications of Green 

Chemistry 

                                                                                    ~  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 by-products 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 chemists 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 

pesticide carbaryl under the brand name ‘Sevin’. It is produced by 

reacting α-naphthol with methylisocyanate (MIC). Later, UCIL 

established MIC-producing plant which started functioning in 

Bhopal since 1979. On midnight between 2nd and 3rd December in 

1984, emission of toxic gas MIC caused the disaster in Bhopal, 

commonly known as the “Bhopal Gas Tragedy” resulting deaths of 

thousands of innocent people. 

After that incident, an alternative method for synthesis of carbaryl 

was developed which bypasses the use of toxic MIC gas. α-naphthol 

reacts with phosgene (COCl2) to produce α-naphthyl chloroformate 

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.e., it 

takes 630 times the weight of the chip in source materials just to 

make one chip. In contrast, the same ratio for the manufacture of 

an automobile is only about 2:1. 

A process has been developed by scientists at the Los Alamos 

National Laboratory that use supercritical carbon dioxide in one of 

the steps of chip preparation, and it significantly reduces the 

quantities 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) program 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 is feather-

based printed circuit board that 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 of feathers as source material which includes preparation of 

biofuel also. 

 

3. Biodegradable plastics: 
Bioplastic polylactic acid is the most promising and popular 

material as an alternative to synthetic polymer. Biodegradable 

plastics are now synthesised from renewable resources, such as 

corn, sweet potato and tomatoes. The emerging eco-friendly 

alternatives may well become the most viable example of how 

green chemistry can alter our everyday lives. 

BASF (BadischeAnilin und Soda Fabrik, Germany) are making and 

marketing fully biodegradable bags, ‘Ecovio®’, made of this film 

along with cassava starch and calcium carbonate. The bags 

completely disintegrate into water, CO2, and biomass in industrial 

http://pubs.acs.org/isubscribe/journals/cen/80/i51/html/8051sci1.html?emFrom=emLogin
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1247399/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1247399/
http://www.alternative-energy-news.info/fuel-from-chicken-feathers/
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composting systems. The bags are tear-resistant, 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 bags. 

 

4. 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. Increased 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, half-life 

more than 6 months) applied through paints. It causes 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 thickness 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, SEA-NINE® 211, was marketed by Rohm 

and Hass Company. The 4,5-dichloro-2-n-octyl-4-isothiazolin-3-

one (DCOI, half-life in sea-water is one day and one hour in 

sediment) is the active ingredient of SEA-NINE® 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 fatty 

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 ingredient industry has 

been investigating methods to reduce trans fats in food. Of the 

available strategies, inter-esterification is the most effective way to 

decrease the trans-fat 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 acids. 

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 as a catalyst, 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 medicines, paints, biofuels and synthesis of cyclohexanone 

(used for synthesis of caprolactam to nylon-6 polymer) etc. Thus, Green 

Chemistry stands as a powerful tool in designing eco-friendly products and 

provides a solution to many health and environmental issues. However, 

designing green routes of synthesis is a challenging job with huge future 

prospect. 
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A Better Way to Picture an Atom 
~ Rahul Das, 

6th Semester, Dept of Physics, 

J.K. College 

Atomic orbitals have long been confusing for me. I have had some basic ideas 

that atoms have nucleus and some electrons; but this is not sufficient for a 

clear idea. Some books give a cartoon-diagram that 

electrons are moving randomly around the nucleus. 

These are correct up to a stage. But in higher studies, 

you need to be clear about what you are learning. For 

an example, we see a picture that electrons are 

moving around the nucleus.  

This picture doesn’t really convey much beyond the basic idea. On the other 

hand, some are like dumbbell, donuts or a curved line that shows the path of 

electrons, which are definitely 

more technically accurate (or 

technically inspired), but none of 

these feels like they can give a 

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 want 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).  

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

like the position of the electron, the wave-particle nature of quantum 

mechanics, the energy of the electron etc. Here we must recall the 

‘Heisenberg’s uncertainty principle’. We can’t measure the position and the 

velocity of an electron at the same instance. It states that the product of the 

uncertainty in position and momentum is greater than or equal to ħ (ΔpΔx ≥ 

ħ). So, we can not locate an electron and there are no instruments which can 

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 

we can draw by a single line. What actually we 

can find is the wave function of the electron. 

According to De Broglie hypothesis, particles 

have wave nature. To realize the wave-particle 

duality, imagine a bunch of water-particles 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 wave-function. Now, we have to 

know a little bit about the wave-function. 

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 wave-function 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 energy levels are listed below: 

Ψ100 =
1

√𝜋
(
𝑍

𝑎
)
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2
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Ψ320=
1

81√6𝜋
(
𝑍

𝑎
)

3

2
𝜎2𝑒

(−
𝜎

3
)(3𝑐𝑜𝑠2𝜃 − 1). 

Here σ = Zr/a; a = 4πħ2ϵ0/m𝑒2 and Z represents atomic number, r (variable) 

is the radius; ϴ (variable) is the angle of r with the z-axis and a, ħ, ϵ0, m, e – 

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 

electron in a volume element dτ is, |𝛹|2dτ = |𝛹|2 r2 drdΩ, where Ω is the solid 

angle.  

Now, how to get the pictures? We simply put r and ϴ (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 this –                                                                                                                  

 

 

 

 

 

 

 

 

 

                                                                                             

 

If you look carefully, you will see, in the 2s orbital, there are two spheres, one 

is major outside and the minor inside.  

Next, 

Hydrogen 1s orbital Hydrogen 2s orbital 
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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 2p orbital 

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, the hydrogen’s 3d-orbital is 
shown below. 

 

   

 

 

 

 

 

 

 

 

 

 

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 I used an image processing software to draw this image. These are not 

random images; these are the outcomes of the wave-functions of electron). 
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Hydrogen 3d±1 orbital 
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Electrons do not really ‘SPIN’! 

                                             ~ Koustav Panda,  

6th Semester, Department of Physics 

J.K. College 

Quantum mechanics has lots of weird stuffs, but there’s one thing that 

everyone agrees that probably no one understands completely. Yes, I’m 

talking about quantum spin. 

What is spin? It’s something that apparently some particles have that you 

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 glance, 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 

there sort of was. The external 

magnetic field magnetized the 

iron, causing the electrons in 

the iron’s outer shells to align 

their spins. Suppose, those 

electrons are acting like tiny 

bicycle wheels, and their shifted 

angular momenta is 

compensated by the rotation of the cylinder. This explanation only makes 

sense if we imagine electrons as spinning bicycle wheels, which might sound 

fine. In fact, the Einstein-De 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 somehow exists without classical 

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

rotation – it’s a quantum property of particles, like mass or charge. We can 

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 Einstein-De Haas effect was not the first indication of the spin-like 

properties of electrons. That came from looking at the specific wavelengths 

of photons emitted when electrons 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 physics: if you think 

of an electron as a ball of charge moving in circles around the atom, that 

motion leads to a magnetic moment – 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 

spectral line viewed at right 

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 (π-components), and two other lines equally 

displaced on either side with electric vector vibrating perpendicular to the 

magnetic field (σ-components); called a ‘Normal Triplet’.  

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

cases, the magnetic field causes energy levels to split even further – for 

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

sort of works is to say that each electron has its own magnetic moment – by 

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

the orbital magnetic moment and the electron’s internal moment – 

contributing to new energy levels. 

But for that to make sense, we really need to think of electrons as balls of 

spinning charge – 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 Wolfgang 

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 rotation to the electron, instead insisting on 

calling it ‘classically non-describable Two-Valuedness’. 

Okay, so it’s clear that electrons are not spinning, but somehow, they act like 

they have angular momentum.  And this is how we think about quantum spin 

now: it’s an intrinsic angular momentum that plays a role into the 

conservation of angular momentum like in the Einstein-De Haas Effect, and 

it also gives electron a magnetic field.  

An electron’s spin is an entirely quantum mechanical property. But before 

we dive into that, let me give you one more example that reveals magnetic 

properties that result from spin. This is the famous Stern-Gerlach 

experiment – proposed by Otto Stern in 1921 and performed by Walter 

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

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

the 47th electron occupies a 5s orbital) were passed through an 

inhomogeneous magnetic field.  If, for argument’s sake, the field were along 

z-direction, we’d expect classically to see on the screen a continuous band 

that is symmetric about the undeflected direction, z = 0. According to 

Schrodinger’s wave 

theory, however, if the 

atoms had an orbital 

angular momentum l, 

we’d expect the beam to 

split into an odd 

(discrete) number of (2l 

+ 1) components: like if 

the beams atoms were 

in their ground state l = 0, there would only be one spot on the screen. 

Experimentally, however, the beam behaves according to the predictions of 

neither classical physics nor Schrodinger’s wave theory. Instead, it splits into 

two distinct components. The results also seem to be same for hydrogen 

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

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 

degrees of freedom. It was given the suggestive name ‘Spin Angular 

Momentum’. Unlike the orbital angular momentum, the spin cannot be 

described by a differential operator. 

Hence, when the electron is placed in an 

inhomogeneous magnetic field �⃗⃗� , a force 

will be exerted on the electron’s intrinsic 

dipole moment; the direction and the 

magnitude of the force depend on the 

relative orientation of the field and the 

dipole. This force tends to align spin 

angular momentum 𝝁𝒔⃗⃗⃗⃗   along �⃗⃗� , producing 

a precessional motion of 𝝁𝒔⃗⃗⃗⃗  around �⃗⃗� . For 

instance, if 𝝁𝒔⃗⃗⃗⃗   is parallel to �⃗⃗� , the electron 

will move in the direction in which the field increases and vice-versa. 

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

electron’s spin. Since, experimentally, the 

beam splits into two components, the 

electron’s spin must have only two possible 

orientations relative to the magnetic field: 

either parallel or antiparallel.  

Besides confirming the existence of spin and 

measuring it, the Stern-Gerlach Experiment offers a number of other 

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. 

By the mid 1920’s physicists were very excited about a brand-new tool 

they’d been given – the Schrödinger Equation. 

                                         ⅈℏ 𝜕𝑡 𝛹 (r, t) = Ĥ  (r, t) 

This linear partial differential equation describes how quantum objects 

behave as evolving distributions of probability – 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 to fix this by forcing a wavefunction to have two components – 

motivated by this ambiguous two-valuedness of electrons. The wavefunction 

thus become a very strange mathematical object called a Spinor. 

i.e., 

| = (Ψ1
Ψ2

) 

Now, let’s assume spin is described by angular momentum operators Ŝx, Ŝy 

and ŜZ. We’ll abstractly represent two states, spin-up and spin-down, by 

Dirac kets, |↑> and |↓> respectively. Because the spin-up state is a state of 

definite z-component angular momentum, we can write, 

ŜZ |↑> = 
ℏ

2
 |↑> 

And similarly, 

ŜZ |↓> = − 
ℏ

2
 |↓> 

A more concrete representation of spin takes the form of two-component 

array or matrix, i.e., 

|↑> = (1
0
),  |↓> = (0

1
) 

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

components. 

1

√2
|↑> + 

1

√2
|↓> = 

1

√2
(1

1
) 

Now, let’s use these ideas to develop a representation of an electron wave 

function that includes spin. With the matrix notation we can put the wave 

function in the spin-up or spin-down position: 

 =  (r, t) |↑> = (Ψ1(𝑟,𝑡)
0

) 

 =  (r, t) |↓> = ( 0
Ψ2(𝑟,𝑡)

) 
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An arbitrary spin state can be represented by having these different wave 

functions Ψ1 an Ψ2 as the spin-up and spin-down components, in the form of 

a Spinor. 

 = (
Ψ1(𝑟,𝑡)
Ψ2(𝑟,𝑡)

) 

At a given time, the total probability that the electron is somewhere in 

space with some spin is one. 

                                = ∫(|Ψ1|
2 + |Ψ2|

2) 𝑑𝜏 =  

Let’s now try to develop a Relativistic Wave Equation. We start with the 

relativistic expression for energy, 

                                                    E2 = p2c2 + m2𝑐4   

Substituting the energy and momentum operators and applying the 

expression, 

                                − ℏ2𝜕𝑡
2𝛹 = − ℏ2𝑐2∇2  + m2c4  

(Αs it’s not clear what the square root of an operator even means or how to 

apply it, here we’re taking the square of energy equation.) 

This is called the Klein-Gordon Equation. But there are some problems with 

applying this equation to the electron, however. For every +ve energy (E > 

0) solution, there will be a -ve energy solution (E < 0) and –ve energy seems 

unphysical. This equation gives us the curvature in time of the wave function 

(𝜕𝑡
2𝛹) unlike the Schrodinger Equation, but we need both  and  𝜕𝑡𝛹 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 spin-less 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 𝑝  by doing a dot product of a vector with 𝑝 , a constant 

vector 𝛼  and another constant  with mc2. 

E2 = p2c2 + m2𝑐4 = (c𝛼 . �⃗⃗�  + βmc2)2 = (cαxpx + cαypy + cαzpz + βmc2)2 

To simplify our expressions, we use so called ‘Natural Units’ in which, c = ℏ 

= 1, and our formula of square of energy expression reduces to, 

E2 = (p2 + m2) = (αxpx + αypy + αzpz + βm) (αxpx + αypy + αzpz + βm) 
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Now, let’s list all the things that should happen for this to work out. So, we 

should have,  𝛼𝑥
2 = 𝛼𝑦

2 = 𝛼𝑧
2 = 2 = 1. 

But the rule of cross product should also work; for that the 12 cross-terms 

in the above expression should vanish. For that, we have to take the 

following considerations: 

ij + ji = 0, i ≠ j 

and ∀i,  

i + i = 0 

Thus, we can write the following expression as, 

(xpx + ypy + zpz + m) (xpx + ypy + zpz + m)  

= 𝛼𝑥
2𝑝𝑥

2+ 𝛼𝑦
2𝑝𝑦

2+ 𝛼𝑧
2𝑝𝑧

2+ β2m2  

(= 𝑝𝑥
2 + 𝑝𝑦

2 + 𝑝𝑧
2 + 𝑚2) 

Dirac realized, if a solution could exist, this can only be true if the α-s are 

matrices. In fact, the Pauli matrices satisfy just such relations. Each pair anti-

commute and the square of each equals a (2 × 2) identity matrix. 

̂x = (
0 1
1 0

) ,      ̂y = (
0 −ⅈ
ⅈ 0

),       ̂z = (
1 0
0 −1

) 

And, 

̂x  ̂y = - ̂y ̂x 

  ̂x ̂z = - ̂x  ̂z 

̂y  ̂z = - ̂z ̂y 

𝜎𝑥
2 = 𝜎𝑦

2 = 𝜎𝑧
2 = Î 

Î (𝑢
𝑣
) = (𝑢

𝑣
) 

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 matrices: αx, αy, αz and β. There are only three Pauli 

matrices and it’s not possible to find four (2 × 2) matrices satisfying our 

requirements. It’s possible, however, to find four (4 × 4) matrices to solve 

our problem. 

We know,                 
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E = xpx + ypy + zpz + m 

Now taking this solution and substituting energy and momentum 

operators, we arrive at the desired equation. 

                          ⅈ𝜕𝑡𝛹 = −ⅈ𝛼𝑥𝜕𝑥𝛹 − ⅈ𝛼𝑦𝜕𝑦𝛹 −  ⅈ𝛼𝑧𝜕𝑧𝛹 + 𝑚𝛽𝛹  

This is the Dirac Equation for a free electron. 

Where, 

𝛼𝑥 = 

0 0 0 1
0 0 1 0
0 1 0 0
1 0 0 0

 

 

𝛼𝑦 = 

0 0 0 −ⅈ
0 0 ⅈ 0
0 −ⅈ 0 0
ⅈ 0 0 0

 

 

𝛼𝑧 = 

0 0 1 0
0 0 0 −1
1 0 0 0
0 −1 0 0

 

 

𝛽 = 

1 0 0 0
0 1 0 0
0 0 −1 0
0 0 0 −1

 

Notice that each of the α-s contain two copies of corresponding Pauli matrix 

and β contains two (2 × 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, as  is a four-

component spinor [as αx, αy, αz and β all are (4 × 4) matrices]. If  was a two-

component spinor, we could readily interpret one component as 

corresponding to spin-up and the other to spin down. But what are we to 

make a four-component object? We’ve to try to find the solutions of these 

equations and then try to determine if this type of wave function 
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corresponds to something real or if it’s just another dead end on our quest 

for a relativistic wave equation of the electron. 

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

Some particles have integer spins s = 0, 1, 2, … (the pi-mesons have s = 0, 

photons have s = 1 and so on) and others have half-odd-integer spin s = ½, 

3/2, 5/2, … (electrons, protons, neutrons have s = ½, the deltas have s = 3/2 

and so on). The particles with half-odd 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 – it defines how they interact with each other. Bosons, for 

example, are able to pile up in the same quantum states, while fermions can 

never occupy the same state. This anti-social 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 matter 

actually having a structure. It’s the reason you don’t fall through the floor 

right now while reading this article.  

Let’s end this ‘confusing’ discussion right here, now if you ask me in one 

word what ‘spin’ really is or how to visualize spin, I’ll say imagine a ball 

spinning except it’s not a ball and it’s definitely not spinning! 
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Translating Magic Into Science: 

Cognitive Science 
~ Nandini Dutta 

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

 “The sciences have developed in an order the reverse of what might have been 

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

domain of law, and then, gradually what was nearer: first the heavens, next the 

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

yet very imperfectly) the human mind.” 

                                                                                                    – 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. But there are still many 

unanswered questions about ‘the human mind’. 

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 the unknown 

phenomenon of the brain has given rise to an interdisciplinary approach, 

which has since become known as Cognitive 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. 

 

• History:  

In order to understand the overall 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 by ‘behaviourism’, 

a view which denied the existence of mind.  According to 

behaviourist J.B. Watson, “Psychology should restrict itself to 

examining the relation between observable stimuli and observable 

behavioural responses.” So basically, the topic of consciousness and 

mental representation was banished from the discussion.  

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 that memory 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 rules.  George 

Miller, John McCarthy, Marvin Minsky, Allen Newell, Herbert Simon 

and Noam Chomsky – these six thinkers are considered to be the 

founders of Cognitive Science. 

 

• 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 of computation, 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 or MODEM. 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 course, the 

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 is it? Well, it is a concept that stand for a single 

entity or group of entities. The fact is that representation stands for 

something ‘symbolic’. For example, Dollar has a symbol ‘$’, which 

itself is not money but is used to represent it.     

 

• Interdisciplinary Perspective: 

Let me demonstrate how perspective works.  We all know all these 

legendary detectives like ‘Byomkesh’, ‘Feluda’, ‘Kakababu’, brought 

into life by writers. What do they do when they are investigating a 

crime scene or any mysterious 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. So, they investigate the situation 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 meant when 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 

novel “Royal Bengal Rahashya” by Satyajit Roy, when Feluda says 

to Lalmohan Ganguly, “You always first choose a suspect as criminal 

and try to find a reason for the crime as per his possible motive 

whereas I try to investigate the pattern of the crime at first and then 

try to find the criminal.”   
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• Interdisciplinary Approach: 

Scientists have mentioned some of the different approaches in 

cognitive science –  

 

▪ The Philosophical Approach: 

Philosophy is the oldest 

approach of all. This 

approach is free to 

study virtually any sort 

of important question 

on virtually any subject 

ranging from the nature 

of existence to the 

acquisition of knowledge to politics, ethics and beauty. 

Philosophers often narrow their focus on specific questions 

like “What is mind?”, “How do we come to know things?”, 

“How is mental knowledge organised?” 

 

▪ The Cognitive Approach: 

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 adopted 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.  

 

▪ The Evolutionary Approach: 

As per Darwin, according to the 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 
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approach can be considered in a general way 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.  

 

▪ 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 and compare 

different languages. 

 

▪ The Emotion Approach: 

Humans don’t just think, they also feel. Our consciousness 

consists of emotions such as happiness, sadness, anger etc. 

Recent works have produced a wealth of data on emotions 

and how they influence our thoughts.  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. 

 

▪ The Social Approach: 

Because we live in a society, individuals are strongly 

influenced by the social environment. This field is to explore 

how we think about ourselves and other people. We also 

don’t think about objects the way we think about human or 

animals. This talks about the ability to understand other 

people’s minds.  The capacity may lack in patients with 

autism. To summarize, we have to work on social cognitive 

phenomenon: Attitudes, Impression, Attributions, 

Stereotypes and Prejudice. 
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▪ The Artificial Intelligence Approach:  

AI 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 AI is that we may be able 

to create an artificial person consisting of human 

consciousness, ability to make decisions and so on 

(Friedenberg, 2008).   

 

▪ The Robotics Approach: 

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

of AI but both are slightly different. Whereas in AI we make 

devices with ability to ‘think’; but in robotics, robots can be 

made who can actually ‘act’. Investigators in this field built 

mechanical devices which are able to physically perform a 

commanded act. As for example, navigating around a room, 

manipulating parts on an assembly line and defusing 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 part is it is all an art as said by Christopher 

Nolan, “If you’re going to perform an inception, you need imagination. You 

need the simplest version of the idea – the one that will grow naturally in the 

subject’s mind. Subtle art.” 
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Superconductivity and its 

Applications 
~ Shreya Mahato 

 6th Semester, Dept. of 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 vice-versa. 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 the electrical resistance of a sample of mercury 

suddenly dropped from 0.08 ohm 

at about 4 K to less than 3 x 10-6 

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 

science – superconductivity. 

Now let’s come to the reason behind this phenomenon. In a perfect crystal, 

there is a regular arrangement of 

atoms. It is very convenient to 

imagine points in space where 

these atoms are located. Such 

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 as quantized particles, called phonons. A phonon is a collective 

excitation in a periodic, elastic arrangement of atoms or molecules in 

condensed matter. They can be thought of as quantized sound waves, similar 

to photons as quantized light waves. According to the BCS theory, 

superconductivity occurs when two electrons form 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. When an electron approaches a positive 

ion 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 and feels attracted by 

the distorted lattice. In another way, the first electron here is actually 

influencing the second electron. Therefore, 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, the lattice actually 

helps them to move forward. This is why they experience almost no 

resistance and the crystal becomes a superconductor. So, superconductivity 

is just a strange quantum dance between cooper pairs and phonons. 

Cooper pair 
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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 its electrical resistance is 

practically zero below a well-defined temperature Tc, called the critical 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 

superconducting state appears to hold for all 

superconductors. The range of transition 

temperature is best confirmed, at present, 

extends from 90 K for the compound YBa2Cu3O7 

to below 0.001 K for the element Rh. Some 

materials only become superconducting under 

high pressure; for example, Si becomes 

superconducting from at 165 kbar and at Tc = 

8.3 K.  

The applied magnetic field is also something to consider while taking a 

conductor into its superconducting state. Superconductivity will disappear 

if the temperature is raised above TC, 

or if a sufficiently strong magnetic 

field is applied. It is also interesting to 

see that the magnetic energy required 

to raise the electrons of, for example, 

Pb, from the superconducting to 

normal state is only one-ten 

thousandth of that required energy to 

normalise the superconducting state 

by thermal energy. The temperature 

and magnetic field can be reasonably understood by the following relation, 

𝐻𝐶 = 𝐻0 [1 + (
𝑇

𝑇𝐶
)
2

] 

               where, HC is the maximum critical field strength at the temperature 

T; H0 is the maximum critical field strength occurring at absolute zero; TC is 

the critical temperature. 

Transition point of Helium 

The critical magnetic field at which 
superconductivity disappears 
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Superconductors show a very 

interesting phenomena under the 

influence of an applied magnetic field. 

When kept inside a magnetic field, 

magnetic field lines simply go through a 

conductor. But as a superconductor is 

cooled past the critical temperature in a 

magnetic field, the field lines inside the 

material are abruptly expelled. This 

happens because when a superconductor is cooled in a weak magnetic field, 

persistent currents arise on the surface and circulate. These currents arise 

because when a substance with mobile charges is in a field, the charges 

reorganise themselves so that the field 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 current. This creates mirror images of each pole of the 

magnetic field, thus repelling the field lines. This is called the Meissner effect. 

Meissner effect leads to a very exciting practical application of 

superconductivity, called levitation. 

Levitation is the process by which 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 

small magnet over a superconducting 

material, it levitates. Due to the 

repelling force of the superconductor 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 by superconductivity is 

superconducting magnetic 

levitation train – or in short, 

SCMAGLEV train. Developed 

by Central Japan Railway 

Company for over 50+ years, 

the SCMAGLEV train is a truly MAGLEV train 

 

Meissner Effect 

Levitation 
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transformational transportation technology. The current SCMAGLEV train 

known as the L-0, holds the Guinness record for the world’s fastest MAGLEV 

train – clocking at 603 km/h! 

The concept behind SCMAGLEV train is fairly simple. The superconducting 

magnets employed on the train can generate magnetic fields up to 10 times 

stronger than ordinary electromagnets. These magnetic fields interact with 

simple metallic loops set into the U-

shaped concrete guideway. These 

loops get three important tasks 

done: one creates a field that makes 

the train hover about 5 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 bottom, the more magnetic resistance pushes it 

back. 

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 it 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 sends 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. Using superconductivity, the ‘wireless’ 

transmission bandwidth increases 167 times as operating frequencies will 

eventually move from 30 GHz to 5 THz (5000 GHz). 

MAGLEV track 
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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 superconductors like 

YBa2Cu3O7, Hg-1201, Hg-1212 etc. has made working with them even easier. 

Each new superconducting material offers scientists an opportunity to get 

closer to understanding how high-temperature superconductivity works 

and how to design new superconducting materials to advance technological 

applications. 

References: 

▪ Introduction to the History of Superconductivity by Charles Slichter 

▪ Solid State Physics by S. O. Pillai 
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An Asian Elephant Imitates Human 

Speech 
  

~ Sushrita Das Modak,  

4th Semester, Dept of Zoology 

J. K. College 

• Introduction: 

Vocal imitation has convergently evolved in many species, allowing learning 

and cultural transmission of complex, conspecific sounds, as in birdsong. 

Scattered instances of vocal imitation also exist across species, including 

mockingbirds imitating other species or parrot and mynahs producing 

human speech. 

A scientific investigation has concluded one elephant has learned to speak at 

least six words of Korean. 

• Description of the Asian Elephant: 

An Asian male elephant (Elephas maximus) in the Everland theme park in 

Yongin, South Korea, named Koshik who was born in 1990, can imitate 

human speech. He could imitate words in Korean that can readily be 

understood by those who know the language. The elephant accomplished 

this in a most unusual way: he vocalizes with his trunk in his mouth. 
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• Description of his Vocalization: 

The elephant’s vocabulary consists of exactly five words (Researchers report 

on November 1 in Current Biology, a Cell Press publication). Those words 

include “annyong” (hello), 

“anja” (sit down), “nuo” (lie 

down), and “choah” (good). 

Ultimately Koshik’s language 

skills may provide important 

insights into the biology and 

evolution of complex vocal 

learning, an ability that is 

critical for human speech and 

music, the researchers say. 

• Koshik’s Speech Production and Formant Matching: 

A formant is a concentration of acoustic energy around a particular 

frequency in the speech wave. Particularly during vowel production, 

Koshik’s first two formants accurately match formant 1 and formant 2 of his 

trainers. 

Comparing means of the first and second formant with the corresponding 

human formant of the most commonly recorded vowels, ‘a’, ‘o’, and ‘u’, 

revealed no significant difference between the elephant and the human 

models. Koshik’s precise imitation of the acoustic characteristics of his 

trainers is remarkable, given that 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, he raises 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 timing of trunk insertion and 

removal between the different imitations. 



  আবর্ত: দ্বির্ীয় সংখ্যা ২০২১ 

 

99 
 

• Comparison of the Elephant’s speech imitation, Human 

speech and natural Asian elephant calls: 

Researchers applied discriminant function analysis (DFA) to compare 

structural characteristics of Koshik’s speech imitations to natural Asian 

Elephant calls (using 

duration, minimum and 

maximum fundamental 

frequency, and the first 

formant/spectral peak 

frequency), finding that 

Koshik’s imitations are very 

different from 187 calls and 

22 Asian elephants of both genders and various ages recorded in five 

different zoos and in the Udawalawe National Park, Sri Lanka. 

 

• Researcher Angela Stoeger’s Speech about Koshik’s 

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 Stoeger says, elephants 

have a trunk instead of lips. While their 

large larynx can produce very low-

pitched sound, Koshik’s speech mimicry 

exactly copies the pitch and other 

characteristics of his human trainers’ 

voices. A structural analysis of Koshik’s 

speech showed not just clear similarities 
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to human voices, but also clear differences from the usual calls of 

elephant.  

 

• Why Koshik adopted this unusual Vocal Behavior: 

It’s not completely clear why Koshik adopted his unusual vocal 

behaviour, but the researchers suggest that it might 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. 

 

• References: 

▪ https://en.wikipedia.org/wiki/kosik_(elephant) 

▪ 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%20of%20his%20trainers 

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

▪ https://www.researchgate.net/publication/232811465_An_asian_Elephant_Imit

ates_Speech 

▪ https://www.nationalgeographic.com/animals/article/121102-korean-

speaking-elephant-talk-human-science-weird-animals 

▪ https://www.voanews.com/east-asia-pacific/researchers-verify-elephant-

mimics-human-speech 

▪ Journals by: Angela S. Stoeger, Daniel Mietchen, Sukhun Oh, Sherin de Silva, 

Christian T. Herbst, Soowhan Kwon and W. Tecumseh Fitch. 

▪ An Asian Elephant Imitates Human Speech, Current Biology, 2012. 

 

 

 

 

https://en.wikipedia.org/wiki/kosik_(elephant)
https://www.sciencedaily.com/releases/2012/11/121101121534.htm#:~:text=An%20Asian%20elephant%20named%20Koshik,those%20who%20know%20the%20language.&text=%22Intriguingly%2C%20the%20elephant%20Koshik%20is,voice%20pitch%20of%20his%20trainers
https://www.sciencedaily.com/releases/2012/11/121101121534.htm#:~:text=An%20Asian%20elephant%20named%20Koshik,those%20who%20know%20the%20language.&text=%22Intriguingly%2C%20the%20elephant%20Koshik%20is,voice%20pitch%20of%20his%20trainers
https://www.sciencedaily.com/releases/2012/11/121101121534.htm#:~:text=An%20Asian%20elephant%20named%20Koshik,those%20who%20know%20the%20language.&text=%22Intriguingly%2C%20the%20elephant%20Koshik%20is,voice%20pitch%20of%20his%20trainers
https://www.sciencedaily.com/releases/2012/11/121101121534.htm#:~:text=An%20Asian%20elephant%20named%20Koshik,those%20who%20know%20the%20language.&text=%22Intriguingly%2C%20the%20elephant%20Koshik%20is,voice%20pitch%20of%20his%20trainers
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3548412
https://www.researchgate.net/publication/232811465_An_asian_Elephant_Imitates_Speech
https://www.researchgate.net/publication/232811465_An_asian_Elephant_Imitates_Speech
https://www.nationalgeographic.com/animals/article/121102-korean-speaking-elephant-talk-human-science-weird-animals
https://www.nationalgeographic.com/animals/article/121102-korean-speaking-elephant-talk-human-science-weird-animals
https://www.voanews.com/east-asia-pacific/researchers-verify-elephant-mimics-human-speech
https://www.voanews.com/east-asia-pacific/researchers-verify-elephant-mimics-human-speech


  আবর্ত: দ্বির্ীয় সংখ্যা ২০২১ 

 

101 
 

The Small World inside Matter 
 

~ Dishani Pal,  

6th semester, Dept. of Physics, 

J.K.College  

 
For a long period of time, we have considered atom as the smallest, 

indivisible unit of matter. As the basic building blocks, atoms of same or 

different materials combine to form molecules. Molecules are the most stable 

state that easily found in nature. 

Rutherford's Experiment and Thomson's experiment 

discovered the structure of atom to be consisting of 

positively charged massive nucleus and the negatively 

charged lighter particles.  

Later, it was found that nucleus consists of protons and 

neutrons. The experimental observation of discrete 

atomic spectra, photoelectric effect and some other phenomena changed the 

classical concept and was explained by quantum theory which suggests the 

discrete energy states and orbital structure of electrons inside the atom. 

This overall brings a concrete idea of atom to be a positive nucleus consisting 

of protons and neutrons and the electrons forming a cloud due to 

distribution of probability as predicted by new quantum theory. 

 

 
All these are established based on theoretical and experimental verification 

of observed atomic phenomena. 

But, further developments of high energy scattering unveil the mystery of the 

internal structure of the nucleons (protons and neutrons). 

Further theoretical developments again bring insight to the structure of the 

nucleons. High energy experiments lead to the possibility of the nucleons to 

be consisting of some smaller particles, which are now named as ‘quarks’. 
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They are attracted by much stronger and more short‐range force mediated 

by heavier field particles, called gluons. 

The binding of nucleons was explained by ‘nuclear force’ which is a strong 

and short‐range (fermi order) force. Several mathematical formulations 

were proposed, all of which suggests that this type of force can be generated 

by the exchange of some heavier field particles. Experiments and theories 

have established that, this nuclear force is due to exchange of mesons which 

are about 300 times heavier than electron, and produces a strong and short‐

range force to bind the nucleons overcoming the electrostatic repulsive force. 

This nucleon‐nucleon binding energy is of the order of MeV. 

Protons and neutrons are hadrons (particles that experience the strong 

nuclear force and contains quark). 

Quark is a type of elementary particle and a fundamental constituent of 

matter having spin quantum number ½. It carries small fractional charges. 

Up and down quarks are the 2 types of quarks that discovered firstly. Then 2 

more sets are found – strange and charm, top and bottom. All these types of 

quarks have their anti‐versions, called antiquarks. 

 

1st-generation quark:  

Up quark (lightest) and down quark (2nd lightest quark) combine to form 

most stable hadrons like 

protons (2 up quarks and 1 

down quark) and neutrons (1 up 

quark and 2 down quarks). The 

electric charges carried by the 

quarks (up quark 
2

3
𝑒 and down 

quark −
1

3
𝑒) introduce charge in 

hadrons. 

Protons have (2 × 
2

3
−

1

3
) = +1 charge. 

Similarly, neutrons have (
2

3
− 2 ×

1

3
) = 0 charge. 

 

2nd generation quark:  

Next strange quarks with longer time span with electric charge −
1

3
𝑒 were 

discovered. The name came from their strangely long lifetime. Charm or C‐

         proton                                neutron  
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quark is the 3rd most massive of all quarks with electric charge 
2

3
𝑒. According 

to Glashow, 

“We called our construct the ‘charmed quark’, for we were fascinated and 

pleased by the symmetry it brought to the sub‐nuclear world.” 

 

3rd generation quark:  

Bottom quark is a heavy quark with charge −
1

3
𝑒. It decays into charm quark 

or very rarely into up quark. 

Lastly the most massive of all elementary particles top quark which charge 
2

3
𝑒. It derives its mass from coupling to the Higgs bosons and decays into 

bottom, strange and down quark. 

Electrons are leptons, which are indivisible unit particles responsive only to 

electromagnetic force, weak force and gravitational force, but are not 

affected by strong nuclear force.  Electrons also have two heavier siblings in 

lepton series – muon and tau. All of them have electric charge –e. Because of 

their greater mass, muon and tau rapidly change into electrons and 

neutrinos through a process of particle decay. In the lepton series, there are 

3 types of neutrinos – electron neutrino, muon neutrino and tau neutrino. A 

neutrino is a sub‐atomic particle that is very similar to electron, but has no 

electric charge and a very small mass which might even be zero. They are the 

most abundant particles in the universe, because they have very little 

interaction with matter. However, it is nearly impossible to detect them. With 

the sun rays, trillions of neutrinos interact with our body in a fraction of 

second. All of these leptons have their anti‐versions too.  

Scientists have formed a table of fundamental particles (quarks, leptons) and 

three (electromagnetic forces, weak and strong interaction forces) of the four 

fundamental forces, kind of like the periodic table, called the standard model 

of particle physics.  It is currently the best theory to describe the most basic 

building blocks of universe. It explains how quarks and leptons make up all 

the known matter, how force carrying particles (bosons) influence the 

quarks and leptons and introduce Higgs boson which gives mass to quarks, 

leptons and bosons. Bosons have integer spin quantum no. (…, ‐2, ‐1, 0, 1, 

2, …), but there are another group of hadrons and leptons having half‐integer 

spin quantum number (…, ‐3/2, ‐1/2, +1/2, +3/2, ....), called Fermions. 
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Bosons plays the most important and interesting role. Gluons are 

responsible for the strong nuclear force. They act like glue and bind proton, 

neutron and other nucleons together in nucleus. Photons, the quanta of light, 

carry the electromagnetic forces. Electrons are bound to the nucleus with the 

electromagnetic force. The attraction force between them is caused by the 

exchange of massless, chargeless photons. Unlike photons, W and Z bosons 

have mass, they are responsible for the weak nuclear force and the nuclear 

fusion on sun. The force allows photons and neutrons transform into each 

other.   

                                                  

                                

 

Now, let’s try to understand the ‘Higgs boson’, the most complicated element 

of the table. Higgs field is a field of energy that is thought to exist in every 

Two types of elements – bosons and fermions 

Interchange of proton and neutron 
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region of the universe. The interaction with the field produces excitation, 

called Higgs bosons. They are massive scalar bosons with zero spin and no 

electric charge. The interaction with the Higgs field gives mass to the 

interacting particles. For example, protons have no interaction with these, so 

they are massless. Where heavier bosons feel a lot of interaction with the 

Higgs field, which gives them their mass. 

For a clear view, just assume a room full of crowd. A less‐talkative person 

tries to go through the room with minimum interaction with the crowd, 

where a talkative person is interacting maximum with the crowd. Here, the 

crowd represent Higgs field, the less‐talkative person gains lower mass and 

the talkative person gain higher mass. 

This small world inside our known matter occupies less than 5% of the 

universe. The other 68% of universe is dark energy and 27% is dark matter. 

Dark matter has mass, so there may exist a chance of interaction with the 

Higgs field!  
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Dinosaur‐Killing Asteroid and Recast 
of Modern Tropical Rainforest 

~ Manas Kr. Mahato,  
4th Semester, Dept. Of Botany 

J.K. College 
 

Nowadays, generally you can’t find anyone who doesn’t know more or less 

about rainforests and dinosaurs due to daily broadcasting of many wildlife 

channels like National Geographic, Discovery, Animal Planet etc. Of course, 

lots of credit goes to Jurassic World 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-dark understories where predators and 

prey play hide and seek. On the other hand, 

if we talk about dinosaurs, we can only see 

them in Jurassic World movies. And, we 

have no other option. Of course, there are 

lots of demo in museums but that’s not 

enough. In those movies, we often see a 

searching team roaming in dense jungle in 

trace of a dinosaur, fled from the park. 

Footprints of that dinosaur are spread out 

here and there but not a single trace of that 

giant body. Suddenly, shocking everyone, a 

huge vibration comes out from a large-dense bush beside them and one 

could see an awakening brick-redden burning eye from a gap of the bush. 

But what if it happened 70-80 million years ago, in that dinosaur era, what 

would have been the image then? The scenarios that we have been shown in 

movies; most of that which thrill us, don’t fit for the dinosaur era. There are 

huge differences between that era’s forests and the present-day forests or 

rainforests – whatever it is. 

It turns out that, what we are used to imagine about rainforest, those jungles 

tunicated by pitch darkness, giant flowers, broad-leaved trees – none of 

these things were true. Salience of Northern South American rainforests, 

 
Amazon Rainforest 
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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 12-km wide massive asteroid, the size of 

Manhattan city, slammed into present day Chicxulub, Mexico, igniting 

wildfires and a cloud of dust and ashes, 

darkened the skies for years, triggering the 

extinction of dinosaurs. A new study, 

published in ‘Science’, examined plant fossils 

from present day Colombia to show how one 

catastrophic event transformed tropical 

rainforests. It explores how the so-called 

bolide impact at the end of the Cretaceous 

period paved the way for the evolution of 

our modern rainforests, the most diversed 

terrestrial ecosystems on earth.  

For the study, researchers analyzed 

thousands of samples of fossil pollen, leaves 

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 reveal other 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 way off, 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 sediment types spanning 

nearly in all time periods. Collecting 10,000 of fossil pollen grain from 39 

different sites allowed Jaramillo and 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 catalogue the ancient flora of their home 

continent, amassing more than 6,000 fossil leaves and more than 50,000 

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. 

These leaf fossils from Colombia formed 
in the Paleocene epoch, after an 

asteroid impact led to the planet's fifth 
mass extinction event. (Fabiany 

Herrera) Credit: Carvalho et 
al., Science; 2021 

https://www.eurekalert.org/pub_releases/2021-04/aaft-oom032921.php
https://www.eurekalert.org/pub_releases/2021-04/aaft-oom032921.php
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According to research, after the Chicxulub incident, most of the remaining 

plants died and three-fourths of all the living species went extinct. Leaf 

fossils and Pollen found in Colombia, during the age of dinosaurs and before 

the impact on rainforests, were very different to how they looked today. 

Rainforests were formed by Monkey-puzzle tree flowering plants and 

abundant ferns. Trees grew widely spaced from each other allowing sunlight 

to reach the forest floor. There lived 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 most of 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 dinosaurs 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.  

A graph showing the rise and fall of species diversity in the South American 
tropics on either side of the asteroid impact that caused the end-cretaceous 
extinction event. On the right are a pair of illustations showing the differing 

forest structures that defined each epoch. (Carvalho et al., Science 2021) 
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Before STRI (Smithsonian Tropical Research Institution) in Panama 

conducted this research, scientists didn’t know how different the tropical 

rainforests of central and South America had once been. Monica Carvalho, 

the study co-author from the STRI, examined tens of 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 discovered that the type 

of vegetation comprising the continent’s 

forests drastically changed after the incident. 

Before the crash, widely spaced conifers and 

ferns filled the region, allowing in large 

amounts of light, the Post reported. 

Examining more than 50,000 fossil pollen 

records, the team discovered that after 

extinction of so many species, about 45% of 

plant diversity (particularly seed-bearing 

plants) due to that asteroid hit, flowering 

plants called angiosperms took over as the 

forests recovered during the next six million 

years. These filled in where other species had 

gone extinct, leading to the ‘reign of flowers’, an STRI press release noted. 

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

canopy associated with today’s rainforests did not develop until after the 

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. 

The study implies, this is how world’s most diverse terrestrial ecosystem- 

the tropical rainforests teeming with bright bromeliads and abundant 

orchids developed.  

As for why, the scientists gave three hypotheses about how did that 

devastation gave rise to today’s rainforests: 

• Dinosaurs had kept forests open by moving their large 

bodies through the vegetation. When they disappeared, the 

forests could grow denser. 

• The ash from the impact enriched the soil, favouring faster- 

growing flowering plants. 

In 2007, co-author Mauricio Gutierrez 
collects fossil leaves inside a coal mine in 
Colombia. ( Courtesy of Carlos Jaramillo) 
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• The extinction of tropical conifers enabled flowering plants 

to take over the niche. 

While scientists aren’t sure which theory, or combination of theories, 

created modern rainforests. The STRI release explained, “The sparser 

canopies of the pre-impact 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, 

making the area much more productive.” Besides, Legume trees, a dominant 

feature in today’s tropical rainforests, with the help of symbiotic bacteria in 

their roots, fix nitrogen into the soil. Without these shifts in forest spacing 

and makeup, today’s climate could have developed differently.  

At the end, we simply can say whatever the reason, the study gives the 

evidence that life eventually finds a way, but also that we shouldn’t take the 

biodiversity of contemporary rainforests for granted. Today’s rainforests are 

under serious threat from human activity. Record says, The Amazon saw its 

highest rate of deforestation in 12 years during 2020. According To the 

Brazilian Amazon Deforestation Monitoring Program, Amazon lost its 150-

acre area, equivalent to about 114 football grounds per minute in every 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. 

Life on earth carries on but a loss like that can’t be recovered easily.  The 

planet has seen thousands of species come and go, and eventually, new 

species will evolve, but we know this takes millions of years. The real 

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

we have created on our own planet.  

Jaramillo says, “It took around seven million years for tropical forest top 

regain the amount of biodiversity earth had before the asteroid hit. We can 

expect a similar lag if we wipe out the unique species now flourishing in the 

Amazon”.   
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The Ultimate Darkness of Universe  
~ Miten Mahato,  

6th 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 of thermodynamics. 

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, 

𝛿𝑄 = 𝛿𝑈 + 𝛿𝑊 

Where, 𝛿Q = the amount heat given to the system, 𝛿U = change of internal 

energy (i.e., vibration energy, translational energy, nuclear energy, 

electronic energy, bond energy etc.) of the system and 𝛿W = work done by 

the system. 

Basically 1st law states the principle of conservation of energy. 

To understand the 2nd law of thermodynamics, let’s do a thought 

experiment – 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 and more 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 

quantity, for which such process occurs? The answer is yes, and it is because 

of the entropy of the system. 

Any natural thermodynamic process will occur in the direction where 

entropy of the system increases: this is the 2nd law of thermodynamics. 

Mathematically, ∆𝑆 ≥
∆𝑄

𝑇
, ∆𝑆 ≥ 0. Here the ‘equality’ sign holds for 

reversible (ideal) process and the ‘greater than’ sign for real process. 
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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. 

3rd law of thermodynamics states that the entropy of the system at 

absolute zero temperature is a well-defined 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 as ‘a suggested ultimate fate of the 

universe in which the universe has diminished to a state of no 

thermodynamic free energy and therefore can no longer sustain process that 

consume energy’ (Rudolf Clausius). 

According to 2nd law of thermodynamics heat flows from a hot body to a cold 
body. Let’s say, Q amount of heat is transferred from reservoir A at T1 
temperature to reservoir B at temperature T2, and T0 be the available lowest 
temperature of the universe. 

 

 

 

 

 

 

 

 

For reservoir A; ∆SA = –Q/T1, it is negative because heat flows out from the 

reservoir. 

For reservoir B; ∆SB = +Q/T2, it is positive because heat flows into the B. 

Hence total change in entropy, 

∆S = ∆SA + ∆SB 

T1 > T2 > T0       Universe at temperature T0 
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∆Suniverse = Q/T2 – Q/T1 

                                                                       = Q
𝑇1 – 𝑇2

𝑇1𝑇2
   

Since T1 > T2, ∆S > 0 and the process is irreversible. If T1 = T2, ∆S = 0, then the 

process will be reversible. If T1< T2, ∆S is negative which is not possible. In 

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 T0, the 

maximum amount of available energy for work for reservoir at T2 is, W2=𝛈Q  

where 𝛈= (1 – T0/T2),  

the fraction of heat converted into work in T2 is, (1 – T0/T2) Q 

If conduction is not occurred, then the maximum amount of available energy 

for work is, W1 = (1 – T0/T1) Q 

Since T1 > T2, hence W1> W2. Thus, an amount of energy has become 

unavailable for work due to irreversible process of conduction. If E is the 

available energy, then,  

                                  E = W1 – W2 

                                                            = Q (1-T0/T1) – Q(1-T0/T2) 

                                      = T0 (Q/T2 – Q/T1) 

                                      = T0∆Suniverse 

                      ∴ E = W1 – W2 = T0∆Suniverse   

Note that this is not loss of energy or violation of 1st law of thermodynamics, 

rather it is the unavailable energy (which cannot be transferred into work) 

for the increase of entropy of the universe. 

Since all-natural process are irreversible, hence the energy of the universe is 

continuously becoming unavailable for work. The increase in entropy of a 

system and its surrounding occur in all aging process, whether in living 

organism or non-living organism. There is no doubt which condition is prior 

in time – youth or maturity, structure or erosion. One condition 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 increasing 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.  

i.e., ∆Suniverse > 0 

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 an irreversible process, the entropy increases. If the entropy 

of an isolated system varies with some parameter X (time), then there is 

certain value of X which maximize entropy (+
𝑑𝑆

𝑑𝑋
= 0)  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 conceivable change in entropy 

would be zero. 

                                                                       

                                                                       Smax 

         Entropy (S) 

 

                                                                                                                  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 stockpile 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. A normal star’s heat is 

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 process will 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 black holes. The black holes will start to pull all 

the matters of the universe into themselves. At 10100 years from Big-Bang, 

black holes themselves will evaporate due to Hawking Radiation. 
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Before the Big-Bang, there were no stars, no galaxies but only an infinite 

dense point called singularity. 

At the time of Big-Bang, 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. 10-43 s after the 

Big-Bang, temperature of universe became 1032 K. From that, the 

temperature of the universe is constantly decreasing. Now the average 

temperature of the universe is approximately 2.73 K (–270.27°C), based on 

measurement of cosmic microwave back ground radiation. It means the 

universe is cooling down towards the absolute zero temperature. 

Change in entropy of the universe is, ∆Suniverse = 
∆𝑄

𝑇
, where T = final 

temperature of the universe and this temperature T goes towards the 

absolute zero, i.e., T tends to zero, so that ∆S tends to ∞. 

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 not possible 

(according to 3rd 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 this ultimate darkness forever. 

This is the heat death of the universe, also called the Big-Freeze or Cold-

Death. 
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The Story of Mechanical Humans – 

Robots 
                                                                                          ~ Nairanjana Sarkar 

 6th Semester, Dept. of Computer Science 

 J.K. College                                                                                     

 

From the beginning of human race, 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 Age. In that time, it 

was almost impossible to even think about mechanical 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 

‘Unimate’, created by George C. Devol in 1950s, 

which was a reprogrammable manipulator that 

could be used by car makers to automate 

metalworking and welding process; but he failed to 

sell his product. But later, Joseph Engleberger 

succeeded to modify the model into an industrial 

robot and sell it into market. Finally, he got the patent and he is now called 

as ‘the Father of Robotics’ for his successful effort. 

This Robotics is mainly based on the concept of Artificial Intelligence (AI) 

and Machine Learning. 

Artificial stands for ‘human-made’ and Intelligence stands for ‘thinking 

power’. Basically, the concept of robots stands for ‘a human-made thinking 

power’. Many Artificial Intelligence (AI) concepts are still hypothetical or 

under research. 

Sophia is the smartest humanoid robot in the world till now, developed by 

Hanson Robotics – a Hong Kong based company. She can track faces, 

maintain eye contact and recognize people. It uses visual cortex, AI, neural 

networks and computer vision for technical purpose. Few more modern 

robots are – ‘WALKER’, ‘SAMSUNG BOT RETAIL’, Mykie: the kitchen 
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assistant’, ‘Aido: smart home robot’, ‘Professor Einstein: the miniature 

genius robot’, ‘Lynx’, ‘Olly: Robot with artificial feelings’ etc. The most 

advanced robot till now is ASIMO created by Honda Motor Corporation that 

can walk as well as can climb the stairs, run, dance and hop or kick a soccer 

ball. 

 

Indian research of Robotics has also taken an important part in the world of 

invention of robots. Some of the best inventions by India are –  

• 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 to a 

patient’s care.  

• C-Astra:  A smart semi-automated robot launched 

by Invento Robotics for screening patients as well as 

disinfecting areas. That’s why recently it is used against 

corona virus using the features of thermal cameras to 

record the temperature of human body and the UVC light 

to disinfect areas.  

 

Sophia 

ASIMO 
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• Vyommitra: A female humanoid robot 

developed by Indian Space 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 can speak in two languages and 

can mimic human crew also. 

All these robots are made using AI, machine learning and deep learning 

technique etc. 

Robotics is a huge part of Computer Science which is still under research: the 

process to implement self-awareness, own conscious, sentiment and feelings 

can be the biggest invention of this decade in the world. 
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Introduction To Black Hole 
                                                                               ~ Smritimoy Chakraborty, 

                                                                                               B.Sc. Major in Physics, 3rd Year, 
                                                                           Indira Gandhi National Open University.     

                         
Black hole – the ‘Black’ in the name suggests that it has something to do with 

light. We all know that a perfect Black body absorbs 100% of light; not a 

single photon can escape it. In a particular region of space-time, a Black hole 

does the same operation with light. Now another question will come into our 

mind, what is ‘space-time?  So according to special theory of relativity, Space 

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 

particle (Newton’s theory of Light) by which it can interact with gravity (just 

an assumption to see an interesting result). 

Now, every astronomical object has its own 

escape velocity (required velocity to escape 

from the astronomical object). For example, 

escape velocity in our Earth is 11.2 km/s. In 

case of light, the velocity is c = 3 × 108, so it 

can escape easily. 

Now assume, if we want to convert the Earth into a Black hole, what should 

we do? Firstly, we have to put c at the position of vescape and solve the 

equation by putting mass of Earth (M) and Newton’s Gravitational constant, 

and we get the value of r ~ 8 mm. So, we have 

to compress the Earth by a large amount and 

convert it into a sphere of radius less than or 

equal to 8 mm, this is called the 

‘Schwarzschild radius’. Now, just think about 

how strong the gravitational force of this 

newly constructed Earth is! And nothing, 

even light can escape from this. It is just an 

example, not only that it is impossible to 

have such huge amount of force, but also there exists a mass limit to be a 

black hole. This mass limit is called the ‘Chandrasekhar Limit’. 

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 supernova, or explode 
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and then collapse into a neutron star or a black hole. The centre of the black 

hole is called ‘singularity’ and inside a black hole, the gravitational energy is 

tending towards infinity because of its huge density. So far, we have 

understood that black holes are ‘black’, a space-time astronomical object, 

highly compressed and dense. 

But light is not a particle, it has 

wave property also. So, how do 

light waves interact with 

gravity? How are all the laws of 

mechanics consistent with 

space-time concept? What is 

the generalized form of special 

theory of relativity? How does space-time change the direction of 

propagation of light? 

These questions lead a new theory of gravity (i.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. 

After considering the suitable 

coordinate, if we solve the Einstein 

Field equation, we get a space-like 

behavior for a spherically symmetric object. In 1969, an American scientist 

John Wheeler named it as ‘Black Hole’. In 1975, it was declared that Cygnus 

is a Black hole which was detected by x-ray (Radio Astronomy). Black holes 

were first discovered in theory as a solution to the Einstein’s equation. Later 

they were discovered experimentally. Some solutions to Einstein’s equations 

clearly said that some structure of space-time exists in the universe from 

where light cannot escape. It is the similar concept that we 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 

Equivalency plays a very important role here. Einstein’s biggest thought-

experiment was to see the equivalency of acceleration and gravity. ‘Gravity 

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

time which satisfies the non-Euclidian geometry. So finally, we have a curved 

space-time fabric. And there are many space-time objects; the black hole is 

one of them. 

 

Tµν Energy Momentum Tensor 

R Ricci Scalar 

Rµν Ricci Tensor 

gµν Metric Tensor 
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• Energy of a Black Hole 

Now, what is the source of energy of a black hole? The answer is depending 

upon your viewpoint, i.e., either you are using classical theory of black hole 

or you are using quantum theory of black hole. Since we 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 energies, but this 

is the most dominating part. The potential energy is gravitational potential 

energy (since it’s an astronomical object).  

Now I am going to shortly introduce all others source of energy of a black 

hole. These are gravitational potential energy, rotational kinetic energy, heat 

energy, electrostatic energy etc. 

All the energies of a black hole are 

external quantities, they are absent 

inside the horizon. This paradigm of 

black hole is known as External Energy 

Paradigm for Black Holes (Ha, 2018). Due 

to high gravitational potential energy, it 

attracts every astronomical object 

towards it and collapses the entire mass 

of the object into a singularity. 

• Quasi-local Energy 

When we consider the total gravitational energy of the black hole and solve 

the Einstein field equation for curved space-time to find the relation of total 

energy with dynamical values like, momentum and angular momentum; 

then this energy is called quasi-local energy of a black hole. 

• Rotational Energy 

Due to the conservation of angular momentum of the black hole, it gains 

some high amount of angular speed. This angular speed (magnitude of 

velocity) is transferred to the rotating object near the event horizon and the 

entire particle gains this amount of energy. So, they start moving very fast 

(Approx. 108 m/s). 
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• Electrostatic Energy 

If the black hole is a charged, it interacts with the electromagnetic field. But 

according to the External Energy Paradigm for Black Holes, there is no 

electrostatic energy inside the charged black hole. 

• 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 the black hole. 

So, these are the basic forms of energies for a black hole. Now the question 

is, how does a black hole release these energies? 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 

formula for the radius of ‘Event Horizon’ or 

‘Schwarzschild radius’. Let’s go to the 

Newtonian Mechanics which describes the 

motion of the particles in the gravitational 

field. Now just think about how to escape the 

earth’s surface? The answer is simple; first 

you have to go at the top of the Himalayas. After going to a good height, you 

have to start throwing some object and you have to start increasing the 

speed every time. So initially it’s slow then it’s faster and finally it’ll achieve 

orbital velocity. Now if you still increase the velocity then the object will 

escape the Earth orbit with escape velocity. 

Now, mathematically, if an object is moving with a velocity, it implies that 

some kinetic energy is associated with it. So, to escape the earth surface, the 

particle must have to overcome the gravitational potential energy. So, the 

minimum escape velocity obeys the following condition,  

Kinetic energy of the particle due to its motion = Gravitational potential 

energy of the particle due to Earth’s gravity 

or, 
1

2
mv2 = 

GMm

R
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or, v = √
2GM

R
 

Now for black hole, as light cannot escape it, so this equation for v = c 

becomes, r =  
2GM

c2 . This is the equation of ‘Schwarzschild radius’ or the 

radius of event-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. That’s really a scary scenario. That’s why we are looking for 

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 extract the wind energy out there. That’s why solar 

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 solar fuel, 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 efficiency as well. Another problem associated with these methods is the 

surface problem.  

Now comes the solar cell which 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. Photovoltaics develop 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 extract 

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. 

 

• Generation of Solar Cells: 

1st generation 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 mainly 

used to power off grid applications, satellites, where you 

really had no other cheap alternative. Bulk 

semiconductors were sliced into a thin sheet that can be 

converted into a solar harvesting device. These were 

simpler in constitution but impossible to realize on the 

gigawatt scale, multi gigawatt scale or even the terawatt scale. 

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 cell, 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 inherent problems 

like Staebler-Wronskii 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 increasing variability. It led to 

the Nobel prize for three guys in the year 2000. Number 

of publications appearing for 3rd generation solar cells 

far exceeds 1st and 2nd generations. Something that 

quickly breaks the market stops in science. Scientists are 

still continuing their research on organic photovoltaics. 

They are scalable, do not embody any toxic material like Cd-Telluride 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 Principle 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. 

 

                                                                                                                                                                                                                                                                                                            

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. In order 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 UV to visible finally 

to IR and to use all this light, we should think of a semiconductor with a low 

band gap. The 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 bulk hetero 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 the holes 

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 than randomly 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).  

Electrode 

Electron transport layer 

Hole transport layer 

Outer electrode 

ACTIVE MATERIAL 
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Characterization of Polymers: 

UV spectroscopy:  

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

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

control are of crucial importance for device performance. The mismatch of 

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

the reasons for low efficiencies of devices. Chemical modification of the 

semiconducting polymers’ structure is a common approach that leads to 

tuning of the band gaps. The extension of conjugation degree leads to an 

enhancement, in terms of intensity, and red-shift of the absorption spectra 

of conjugated polymers. As the collection of the 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 the size of the polymer (its molecular 

weight) can have a severe influence on the device performance. It is 

therefore important to be able to analytically determine this in order to fully 

evaluate the polymer’s functionality in polymer solar cells. Size exclusion 

chromatography (SEC) is the most used method for determining the 

molecular weight of polymers applied in photovoltaics. The number average 

molar mass (Mn) and the average molar mass (Mw) 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 and Wi =NiMi.  

Mn=ΣNiMi/ΣNi 

Mw = ΣNiMi2 /ΣNiMi = ΣWiMi/ΣWi                                                                                                                                            

By comparing the equations, it can be seen that Mw will always be greater 

than Mn, unless when all the polymer molecules have the same molecular 

weight, then Mw will be equal to Mn. The ratio of Mw/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, 

dissolved in the eluent used for moving the 

analytes, onto the column which consist of 

a porous material. The smaller size 

polymers are to a higher degree trap in the 

columns’ porous material and will 

therefore stay longer on the column 

compared to the larger size polymers 

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 multi-layer structure. The coating or printing 

technique has what we call dimensionality in plane. Most of the coating 

techniques are zero-dimensional. If we want to focus on coating techniques 

that form an even homogeneous layer, they fall in a few different categories: 

Spin coating: Spin coating 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 of making 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 coater), where the substrate is mounted 

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 is widely 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 atomization 

process are surface tension, viscosity, fluid density, gas flow properties, and 

nozzle design. The simplest form of a pneumatic-based 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 electro-spraying. The 

method has seen an increasing impact in the lab-scale fabrication of organic 

solar cells. Spray coating allows a broad range of solvent systems and a 

versatile selection of material systems. Therefore, it shows its applicability 

in intermediate layers, active layers, and electrodes. 

Slot-die coating: Slot-die coating is a non-contact large-area 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 mPa⋅s and several thousand Pa⋅s 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 pre-metered 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. The stripe coating 

capability is favourable for the fabrication of OPV devices, as it allows easy 

stacking and cross-directional 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, and silver. 

Printing techniques are one or two-dimensional or even three-

dimensional. In the context of organic photovoltaics, for the coating 

techniques, it is the solid we want at the film of that we dissolve in the solvent 

or make a dispersion of in the sovent 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 

squeegee that presses against the screen mesh 

onto the substrate. The moving squeegee forces 

the ink through the open areas while the 

rebound of the screen induces shear to the 
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columns of materials. Typically, high-viscous 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 

materials. The gravure 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 un-patterned chrome surface blank. 

The ink is transferred to substrate through surface interactions, the nip zone 

between impression roller and gravure cylinder. 

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 

of todays’ inkjet printheads employed in functional 

printing use piezoelectrically actuated transducers to 

eject droplets on demand out of the nozzle. A 

simplified schematic is shown in figure alongside. An 

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, it’s 

of course a printing 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 machine, we can roll it back off as a finished solar cell. This sort of process 

where everything is done in the same 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 layer in 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 do it for 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 that it 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 that our 

processor doesn’t handle the front surface, top surface is touched instead, 

we won’t find the same on the mini roll coater. 

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 an electric 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 on, we have to patch those solar cells, 

laminate them or encapsulate them. We process the solar cell directly  on an 

oxygen and moisture barrier foil. The solar cell is just printed on the backside 

of the barrier foil so it’s exposed to the atmosphere, it will break down once 

its operated by shining light at it. To aggress this problem, the solar 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 packaging something that 

doesn’t work. Therefore, testing is essential. We can at least avoid packaging 

the areas of the foil that doesn’t work well. The lamination is a different 

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 made all the 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 OPVs may have an efficiency of about 1-2% 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 question 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 the solar 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 out the solar cells. The idea is we have a 

trolly or wagon that can be moved over the platforms and in the process of 

moving it, we apply the solar cells. We can also re-extract the solar cells that 

may have finished its 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 little extra cost and it also enables 

us to re-extract the resources that are found on the solar cells. We serially 

connect the solar cells. The advantage of serial connection is that we don’t 

require thick conductors. We also want to step up the voltage. This was 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 distances with no real ohm loss due to transmission. 

References: 
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The Migration of Golden Eagle  
 

~ Priti Mahato,  

4th Semester, Dept. of Zoology, 

 J. K. College 

“Just remember it’s bird that is 

supposed to suffer, not the hunter.” 
 – George W. Bush 

• 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 raising 

their young ones. The migration can 

be seen of the Golden Eagle, Aquila 

chrysaetos. It is the largest bird of 

prey in North America and the 

national bird of Mexico. These birds 

are covered with a golden-brown 

layer of feathers, with feathers on 

the head and at the back of the neck, 

with a slightly lighter golden colour. 

These majestic birds range from Mexico 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 mid – 

sized mammals and some birds and 

reptiles. They build nests on 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 bowl-shaped platforms. 
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• Golden Eagle’s Migration: 

Golden Eagles can migrate over long distances. The recovery from the leg 

bands of three juvenile Golden Eagles banded in northern Quebec (Spofford 

1971, Millsap and Vana 1984) as well as the migration counts made at 

different lookouts around the Great Lakes and along the Appalachians 

(Heintzelman 1986, 

DeSmet 1987, Titus and 

Fuller 1990) have 

revealed that Golden 

Eagles migrate south from 

eastern Canada. Although 

some northern breeders 

travel more than 5,000 km 

between their breeding 

and wintering grounds, 

most migrants are short or 

moderate distant 

migrants. They tend to concentrate along 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 and near the Great 

Lakes typically to avoid lengthy water-crossing. In North America, migrating 

Eagles concentrate along the 

Appalachian Mountains in the east 

and Rocky Mountains in the west. 

They generally migrate alone or in 

some small flocks of two to five birds, 

at a speed up to 50 to 55 km/hour. In 

autumn, immature Golden Eagles 

leave the breeding grounds earlier 

than adults. In spring, adults migrate 

before immature birds. In summer, in 

the United States, golden eagles are 

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 Eagles 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 

Golden Eagle near Mt. Shasta 
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heated air to help them move efficiently, gliding from one thermal to the 

next. 

At Hawk Mountain Sanctuary, peak 

numbers of Golden Eagles are seen 

on the day after the passage of a 

cold front. The majority of the 

Golden Eagle flight at Hawk 

Mountain occurs in November. The 

long-term average count at Hawk 

Mountain (1934 – 2002) is 54, and 

the average count for the past 10 

years (1993 – 2002) is about 100. 

In autumn 2003, 159 Golden Eagles 

were counted at Hawk Mountain and the sanctuary recorded its highest one 

– day count of 31 Golden Eagles on November 20, 2003.                                                                

The first Golden Eagles go north in the late-February. The peak Migration 

period lasts from mid-March to the end of April. The spring migration is over 

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 December. 

• 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 mid-afternoon. Movement stops as it gets dark and we 

often see the birds settling on the peak. Very often, perfect migrating 

conditions produce few sightings because the flow might be blocked by the 

poor condition elsewhere. 

 

 

Map of Golden Eagle nest site 
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• Why Golden Eagles Migrate:  
Migration shifted out of step with a seasonal boom in food, when 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. Scott La Point from Columbia University 

explained that day length or photoperiod 

give these great birds the cue to go “as far 

and as fast as possible”. While analyzing 

the tracking data composed of 20 years’ 

worth of tagging birds with satellite tags 

and following their seasonal migration, he 

noticed an unusual pattern – 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 October-November. 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 that’s shifting on 

spring arrival; could be less optimal. 

 

• Disadvantage Of This Migration: 

▪ Many young ones are not able to reach the destination because they 

die during the course of the continuous and tiresome journey.  

▪ 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. 

▪ Sometimes man-made high tour and light houses cause for their death. 

▪ Men themselves are responsible for their death, they shoot at these 

poor birds just for their own leisure and amusement. 

• 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 and accompanying 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 Great- Plains. 

There are potential benefits to both Golden Eagles and development 

companies if dataset and similar migration corridors’ mapping result are 

used in initial site planning. The importance of migratory pathways of 

Golden Eagles in conservation planning is that it allows for the greatest 

conservation impact to 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 Eagles in the Western 

Hemisphere. 

 
“My soul was always so full of aspiration, that a God was necessity to me. I was 

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

was as essential as it is to the bird” 
 – Hannah Whitall Smith 
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Artificial Radioactivity 
~ Abha Mahato 

 6th Semester, Dept. of Physics 

 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, neutron is created. 

In the year of 1934, Frédéric Joliot-Curie and Irène Joliot-Curie 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, then also neutron is emitted. 

Let’s come into the topic of aluminium. In previous 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 emits in this process. If aluminium 

had isotopes, then perhaps 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 neutron both 

are emitting from Al27. Before that, two kinds of particles have 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 as expected, but some 

thinner lines were also seen along with them and it seemed that it was 

caused by electrons. They accomplished the experiment by putting the 

chamber into a magnetic field. The lines bent, but in the side opposite to the 

electron. Then, surely it was positron. So, it is not that positron can be found 

only in cosmic ray, it is possible to create positron in laboratory also. 

Now, let’s discuss about the change in nucleus of aluminium. Then is it so 

that proton, neutron and positron are emitting 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 emitting.  
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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 for a 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 result, they found that the half-

life of substances derived from the conversion of aluminium is 3.25 minute. 

For magnesium, the half-life is 2.5 minute. For boron, the half-life is 14 

minutes. But what object is being decayed like this? It is certain that 

aluminium, magnesium, boron are not. They were unbreakable before they 

got struck by the 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 is being 

emitted. Now, let's come into the matter of aluminium. So, the fact is that P30 

and neutron are produced after the interaction between aluminium and 

helium. But, this P30 is not the isotope of phosphorus because P31 is the only 

stable isotope of phosphorus. So, Joliot and his co-workers assumed that P30 

is an unstable element and it is radioactive. It breaks and positron emits from 

it. Same thing happens in the case of magnesium and boron also. 

In the middle of the chemical reaction, death and birth of P30 is the real truth 

– 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. 

Can’t proton-neutron do what alpha particle is doing? Why can’t they? Alpha 

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 atom and reaches the nucleus, it 

may take some time 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 his best 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 elements, 40 are radioactive. They also pointed out that the 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 neutrons 

changes into another artificial radioactive element. 

They found out that this 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 time; stable 

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. But elements with 

mass number 43, 61, 85 and 87 have not been traced. Occasionally, news of 

their discovery would come out, but those were not credible. Now, those 

elements can be generated by hitting the nucleus of another atom. Not only 

the vacancy of Mendeleev’s periodic table has been filled, but also it is being 

extended. The particles which have been newly generated are – Np93, Pu94, 

Am95, Cm96, Bk97, Cf98, Es99, Fm100, Md101, No102. 

Another more interesting fact can be mentioned. Deuteron struck bismuth 

and Ra E was formed. 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 20-lakh electron-volt energy, emitted 

and created a wondering artificial radioactive element after falling into 

sodium. The deuteron struck Na23 and gamma ray started being emitted 

from this Na24 slowly, like a natural radioactive element. This type of sodium 

was named as Radio-Sodium. 
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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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