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ά.ŀŎǘŜǊƛŀƭ {ŜŎƻƴŘŀǊȅ  

aŜǘŀōƻƭƛǘŜǎ ό.-{aǎύ Υ  

! DƻƭŘƳƛƴŜ ƻŦ !ƴǝŦǳƴƎŀƭ !ƎŜƴǘǎέ 

Wŀƴƪƛ wǳǇŀǊŜƭƛȅŀ 

!5 Ih/ !ǎǎƛǎǘŀƴǘ tǊƻŦŜǎǎƻǊΣ 

aƛŎǊƻōƛƻƭƻƎȅ ŘŜǇŀǊǘƳŜƴǘΣ aΦ DΦ LƴǎǝǘǳǘŜ 

{ƻƛƭ ƛǎ ŀƴ ŀŘƳƛǊŀōƭŜ ƴƛŎƘŜ ŦƻǊ ǘƘŜ ƎǊƻǿǘƘ ƻŦ ǾƻƭǳƳƛƴƻǳǎ ōŀŎǘŜǊƛŀ ǘƘŀǘ Ŏŀƴ ƛƴƅǳŜƴŎŜ Ǉƭŀƴǘ 

ŜǾƻƭǳǝƻƴΦ aŜǘŀōƻƭƛǘŜ ǇǊƻŘǳŎǝƻƴ ƛǎ ǘƘŜ ƎŜƴŜǊŀƭ ǇǊƻǇŜǊǘȅ ƻŦ ƳƛŎǊƻƻǊƎŀƴƛǎƳϧІофΤǎ ƛƴƘŀōƛǘπ

ŀƴǘǎ ƛƴ ŀ ƴŀǘǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘΣ ƛƴŎƭǳŘƛƴƎ ŜǳƪŀǊȅƻǘŜǎ ŀƴŘ ǇǊƻƪŀǊȅƻǘŜǎΦ .ŀŎǘŜǊƛŀ ǇǊƻŘǳŎŜ ŀ 

ǾŀǊƛŜǘȅ ƻŦ ƳŜǘŀōƻƭƛǘŜǎ ǿƛǘƘ ŘƛǾŜǊǎŜ ōƛƻǝŎ  ǎǘǊŜǎǎ ƳŀƴŀƎŜƳŜƴǘ  ŦǳƴŎǝƻƴŀƭƛǝŜǎ ό .Şπ

ǊŘȅΣ нллр Τ  {ŀƭŀȊŀǊ Ŝǘ ŀƭΦΣ нлнн ύΦ .-{aǎ ό.ŀŎǘŜǊƛŀƭ ǎŜŎƻƴŘŀǊȅ ƳŜǘŀōƻƭƛǘŜǎύ ŀǊŜ ŎƻƳǇƻǎƛǘŜǎ 

ǘƘŀǘ ŀǊŜ ƴƻǘ ŜǎǎŜƴǝŀƭ ŦƻǊ ǘƘŜ ƎǊƻǿǘƘ ƻǊ ǊŜǇƭƛŎŀǝƻƴ ƻŦ ōŀŎǘŜǊƛŀΤ ƘƻǿŜǾŜǊΣ ŀǊŜ ŦƻǊƳŜŘ ǘƻ Ŏƻƴπ

ǾŜǊǎŜ ŀ ǎŜƭŜŎǝǾŜ ŀŘǾŀƴǘŀƎŜ ǘƻ ǘƘŜ ƻǊƎŀƴƛǎƳΦ .- {aǎ ŀǊŜ ƭƻǿ ƳƻƭŜŎǳƭŀǊ Ƴŀǎǎ ǇǊƻŘǳŎǘǎ ƻŦ 

ǎŜŎƻƴŘŀǊȅ ƳŜǘŀōƻƭƛǎƳΣ ƘŀǾƛƴƎ ǿŜƛƎƘǘ ƻŦ нΦр Y5ŀ ŀƴŘ ƭŜǎǎ ό tŀǘƘƳŀ Ŝǘ ŀƭΦΣ нлмм ύ ŀƴŘ ŀǊŜ 

ǇǊƻŘǳŎŜŘ ŦǊƻƳ ƳƛƴƻǊ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ƳƛŎǊƻōŜǎΦ ¢ƘŜǎŜ ŀƳŀƭƎŀƳǎ ƘŜƭǇ ǘƻ ǇŜǊǎƛǎǘ ƛƴǘŜǊ-ǎǇŜŎƛŜǎ 

ŀƴǘŀƎƻƴƛǎƳΣ ƻũŜǊ ǎŜƭŦ-ǇǊƻǘŜŎǝǾŜ ƳŜŎƘŀƴƛǎƳǎ ŀƴŘ ǎƛƳǇƭƛŦȅ ǇǊƻǇŀƎŀǝǾŜ ǇǊŀŎǝŎŜǎ ό ±ŀƛǎƘπ

ƴŀǾ ŀƴŘ 5ŜƳŀƛƴΣ нлмм ύΦ bǳƳŜǊƻǳǎ ǎŜŎƻƴŘŀǊȅ ƳŜǘŀōƻƭƛǘŜǎ ƘŀǾŜ ǊŜŎƻƎƴƛȊŜŘ ǘƘŜƛǊ ǊƻƭŜ ƛƴ 

Ǉƭŀƴǘ ǎǘǊŜǎǎ ƳŀƴŀƎŜƳŜƴǘΣ ƛƴŎƭǳŘƛƴƎ ŘŜŦŜƴŎŜ ƳŜŎƘŀƴƛǎƳόǎύΣ ōȅ ǎŜǊǾƛƴƎ ŀǎ ŀƴ ŀƴǝōƛƻǝŎ ŀƴŘ 

ōȅ ǇǊƻŘǳŎƛƴƎ ǇƛƎƳŜƴǘǎ ό YŜǎǿŀƴƛ Ŝǘ ŀǘΦΣ нлнл ύΦ  
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{ŜŎƻƴŘŀǊȅ ƳŜǘŀōƻƭƛǘŜǎΣ ŎƻƳǇǊƛǎŜŘ ƻŦ ǘŜǊǇŜƴŜǎΣ ǇƘŜƴƻƭƛŎǎΣ ƴƛǘǊƻƎŜƴ όbύ ŀƴŘ ǎǳƭǇƘǳǊ ό{ύ Ŝƴπ

ŎƻƳǇŀǎǎƛƴƎ ŎƻƳǇƻǳƴŘǎΣ ǇǊƻǘŜŎǘǎ Ǉƭŀƴǘǎ ŀƎŀƛƴǎǘ ǎŜǾŜǊŀƭ ōƛƻǝŎ ǎǘǊŜǎǎŜǎ ƛΦŜΦ ƘŜǊōƛǾƻǊŜǎ ŀƴŘ 

ǇŀǘƘƻƎŜƴƛŎ ƳƛŎǊƻƻǊƎŀƴƛǎƳǎ ŜǎǇŜŎƛŀƭƭȅ ŦǳƴƎƛΣ ōŀŎǘŜǊƛŀΣ ŀƴŘ ƻǘƘŜǊ ǇŀǊŀǎƛǘŜǎΦ !ƭƻƴƎ 

ǿƛǘƘ ōƛƻǝŎ ǎǘǊŜǎǎ ƳŀƴŀƎŜƳŜƴǘΣ ǘƘŜȅ ŀƭǎƻ ǇǊƻǾƛŘŜ ŀ ǎƘƛŜƭŘ ŀƎŀƛƴǎǘ ŎŜǊǘŀƛƴ ŀōƛƻǝŎ ǎǘǊŜǎǎπ

Ŝǎ ό aŀȊƛŘ Ŝǘ ŀƭΦΣ нлмм ύΦ ¢ƘŜǎŜ .-{aǎ ŀŎǘ ŀǎ ŘŜŦŜƴǎƛǾŜ ƳƻƭŜŎǳƭŜǎ ŀƎŀƛƴǎǘ ƴǳƳŜǊƻǳǎ ŘƛǎŜŀǎŜ 

ǎǘǊŜǎǎŜǎ ŜƛǘƘŜǊ ōȅ ǎǘǊŀƛƎƘǘ ƛƴƘƛōƛǝƻƴ ƻŦ ǇƘȅǘƻǇŀǘƘƻƎŜƴ ƎǊƻǿǘƘ ŀƴŘ ƛƴŘƛǊŜŎǘƭȅ ōȅ ǎǝƳǳƭŀǝƻƴ 

ƻŦ Ǉƭŀƴǘ ŘŜŦŜƴŎŜǎΣ ƻǊ ōȅ ōƻƻǎǝƴƎ Ǉƭŀƴǘ ƛƳƳǳƴƛǘȅ ό YŜǎǿŀƴƛ Ŝǘ ŀƭΦΣ нлмф ŀΣ  нлмф 

ōΤ  {ŀƴǎƛƴŜƴŜŀ ŀƴŘ hǊǝȊΣ нлмм ύΦ ¢ƘŜǎŜ ōŀŎǘŜǊƛŀ ǘǊƛƎƎŜǊ Ǉƭŀƴǘ ƎǊƻǿǘƘ ōȅ ǇǊƻŘǳ 

ƛƴƎ ǎŜŎƻƴŘŀǊȅ ƳŜǘŀōƻƭƛǘŜǎ ǇǊƻǾƛŘƛƴƎ ǎƘƛŜƭŘ ŀƎŀƛƴǎǘ ōƛƻǝŎ ǎǘǊŜǎǎ ōƭŜƴŘŜŘ ǿƛǘƘ ƻǘƘŜǊ Ǉƭŀƴǘ 

ƎǊƻǿǘƘ ŀƴŘ ŜƴŘƻǊǎƛƴƎ ŦŜŀǘǳǊŜǎ ǎǳŎƘ ŀǎ ƴƛǘǊƻƎŜƴ ŬȄŀǝƻƴΣ !ǳȄƛƴǎ ǇǊƻŘǳŎǝƻƴΣ ǇƘƻǎπ

ǇƘŀǘŜ ǎƻƭǳōƛƭƛǎŀǝƻƴΣ ǎƛŘŜǊƻǇƘƻǊŜ ǇǊƻŘǳŎǝƻƴΣ I/b ǇǊƻŘǳŎǝƻƴ ŀƴŘ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ǾŀǊƛπ

ƻǳǎ ŘŜƎǊŀŘŀǝǾŜ ŜƴȊȅƳŜǎ ǘƘŀǘ ŎƻƴǾŜǊǘ ŎƻƳǇƭŜȄ ǇƻƭȅƳŜǊǎ ǘƻ ǎƛƳǇƭŜ ŎƻƴǎǳƳŀōƭŜ ŦƻǊƳ 

όYŜǎǿŀƴƛ Ŝǘ ŀƭΦΣ нлнлΤ  aƛǘǊŀ Ŝǘ ŀƭΦΣ нлнн Τ  {ŀƴǎƛƴŜƴŜŀΣ нлмф Τ  {ŀƴǎƛƴŜƴŜŀ ŀƴŘ 

hǊǝȊΣ нлмм ύΦ .-{aǎ ŀǊŜ ŎƘŜƳƛŎŀƭƭȅ ŀƴŘ ŦǳƴŎǝƻƴŀƭƭȅ ŀǎǎƻǊǘŜŘ ǿƛǘƘ ŀƳŀȊƛƴƎ ŀƴǝƳƛŎǊƻōƛπ

ŀƭΣ Ǉƭŀƴǘ ƎǊƻǿǘƘ ǊŜƎǳƭŀǘƻǊǎΣ Ǉƭŀƴǘ ŜƴȊȅƳŜ ƛƴƘƛōƛǘƻǊȅΣ ƘŜǊōƛŎƛŘŀƭΣ ƛƴǎŜŎǝŎƛŘŀƭ 

ŀƴŘ ŀƴǝǇŀǊŀǎƛǝŎ ŀŎǝǾƛǝŜǎ όaƛǘǊŀ Ŝǘ ŀƭΦΣ нлннύΦ ¢ƘŜǎŜ ŀƳŀƭƎŀƳǎ Ƴŀƛƴƭȅ ŎƻƳπ

ǇǊƛǎŜ ǇƘƻǎǇƘƻƭƛǇƛŘǎΣ ǇŜǇǝŘŜǎΣ ǇƻƭȅǇŜǇǝŘŜǎΣ ǉǳƛƴƻƭǎΣ ǇƻƭȅƪŜǝŘŜǎΣ ŀƭƪŀπ

ƭƻƛŘǎΣ ǇƻƭȅŜƴŜǎΣ ǇƘŜƴŀȊƛƴŜǎΣ ǾƻƭŀǝƭŜǎΣ ŀƳƛƴƻ ǎǳƎŀǊǎΣ ƳŀŎǊƻƭŀŎǘƻƴŜ ŀƴŘ ŀƳƛƴƻƎƭȅŎƻǎƛŘŜǎΦ 

5ǳŜ ǘƻ ǘƘŜƛǊ ƴƻǘŜǿƻǊǘƘȅ ōƛƻǝŎ ŘŜŜŘǎ ŀƴŘ ǎǘǊƛƪƛƴƎ ŘŜŦŜƴǎƛǾŜ ŎŀǇŀōƛƭƛǝŜǎ ŀǎ ŀƴǝŦǳƴƎŀƭΣ ŀƴǝπ

ōŀŎǘŜǊƛŀƭΣ ŀƴǝǾƛǊŀƭΣ ŀƴǝǘǳƳƻǊ ŀƴŘ ŀƴǝ-ŀƭƎŀƭ ŀǎǎŜǘǎΣ ǘƘŜȅ ŀǊŜ ōǊƻŀŘƭȅ ǳǎŜŘ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ 

ŀƎǊƻƴƻƳȅΣ ǘǊŜŀǘƳŜƴǘΣ ŀƴŘ ǾŜǘŜǊƛƴŀǊȅ ŘƛǎŎƛǇƭƛƴŜǎ ό .ŀǊǊƛƻǎ-DƻƴȊŀƭŜȊ Ŝǘ ŀƭΦΣ нллр ύΦ 
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Next -Generation            

Microscopy: Watching 

Proteins Move in Real 

Time  

Researchers at Radboud university medical center, led by Ni-
co Sommerdijk, have developed a groundbreaking microscope 
that enables live imaging of biological processes, revealing in-
tricate details such as moving protein complexes. Previously, 
high-resolution imaging was only possible with static samples, 
while observing living material required sacrificing detail. 
This new technique combines both capabilities by using gra-
phene, a single-layer carbon material, to protect samples from 
electron beam damage during electron microscopy. However, 
applying the graphene layer often triggers the biological pro-
cesses researchers aim to capture, requiring rapid preparation 
to observe the phenomenon before it concludes. Demonstrat-
ed by visualizing the onset of arterial calcification, this inno-
vation opens possibilities for studying vaccine-cell interac-
tions and early disease mechanisms. Published in Advanced 
Functional Materials, the technique represents a transforma-
tive advance in bioimaging, allowing real-time observation of 

living systems at the molecular level for the first time.  

Arterial calcification 

Sommerdijk's team developed a technique for 
live imaging by encasing tissue in graphene and 
freezing it to pause biological        processes. 
After identifying the target area with a light mi-
croscope, the sample is warmed in a specialized 
electron microscope to reactivate processes for 
nanoscale visualization. This method revealed 
how calcium deposits form, potentially leading 
to arterial and aortic valve calcification. Ph.D.    
candidate Luco Rutten explained that proteins 
initially prevent calcium phosphate precipita-
tion, but overgrowth of protein-calcium phos-
phate spheres can create         calcified deposits 
that resist breakdown, contributing to calcifica-
tion. 

Heart valve on a chip 

Currently, no treatment exists for calcified aortic valves 
other than complete valve replacement. 

"We still don't fully understand what exactly happens with 
this type of calcification, which is why there are no medi-
cations yet," says Sommerdijk. 

He aims to further study this with the new microscope. In 
this project, he plans to develop a "heart valve on a chip." 
Initially, this will be a model of a healthy valve, into which 
he will then introduce classification. This project will 
begin in 2025. 

~AASHVI BHATT  (SY, SEM-4)  
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aƛŎǊƻōƛŀƭ ±ŜǎǎŜƭ ŦƻǊ [ƻƴƎ-¢ŜǊƳ 5b! 5ŀǘŀ {ǘƻǊŀƎŜ 

!ǊǝŬŎƛŀƭ 5b! ǿƛǘƘ ŜƴŎƻŘŜŘ ƛƴŦƻǊƳŀǝƻƴ Ŏŀƴ ōŜ ŀŘŘŜŘ ǘƻ ǘƘŜ ƎŜƴƻƳŜ ƻŦ ŎƻƳƳƻƴ ōŀŎǘŜǊƛŀΣ ǘƘǳǎ ǇǊŜǎŜǊǾƛƴƎ ǘƘŜ ŘŀǘŀΦ ¢ƘŜ 

ǘŜŎƘƴƛǉǳŜ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ŀǘ YŜƛƻ ¦ƴƛǾŜǊǎƛǘȅ LƴǎǝǘǳǘŜ ŦƻǊ !ŘǾŀƴŎŜŘ .ƛƻǎŎƛŜƴŎŜǎ ŀƴŘ YŜƛƻ ¦ƴƛǾŜǊǎƛǘȅ {Ƙƻƴŀƴ CǳƧƛǎŀǿŀ /ŀƳπ

ǇǳǎΦ LŦ ȅƻǳ ǘƘƛƴƪ ƅŀǎƘ ǘƘǳƳō ŘǊƛǾŜǎ ŀǊŜ ǎƳŀƭƭΣ ŎƘŜŎƪ ǘƘƛǎ Řŀǘŀ ǎǘƻǊŀƎŜ ƻǳǘΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǊŜǎŜŀǊŎƘŜǊǎΣ ǳǇ ǘƻ млл ōƛǘǎ ƻŦ Řŀǘŀ 

Ŏŀƴ ōŜ ŀǧŀŎƘŜŘ ǘƻ ŜŀŎƘ ƻǊƎŀƴƛǎƳΦ {ŎƛŜƴǝǎǘǎ ǎǳŎŎŜǎǎŦǳƭƭȅ ŜƴŎƻŘŜŘ ŀƴŘ ŀǧŀŎƘŜŘ ǘƘŜ ǇƘǊŀǎŜ ϦŜҐƳŎн мфлрϦ ǘƻ ǘƘŜ 5b! 

ƻŦ .ŀŎƛƭƭǳǎ ǎǳōǝƭƛǎΣ ŀ ŎƻƳƳƻƴ ǎƻƛƭ ōŀŎǘŜǊƛŀΦ  

hƴŜ ŜŀǊƭȅ ǳǎŜ ŦƻǊ ǘƘŜ ǘŜŎƘƴƛǉǳŜ ǿƻǳƭŘ ōŜ ǘƻ ŎǊŜŀǘŜ ǎǇŜŎƛŀƭ ƳŀǊƪŜǊǎ ǘƻ ƛŘŜƴπ

ǝŦȅ ƭŜƎƛǝƳŀǘŜ ǾŜǊǎƛƻƴǎ ƻŦ ǇƘŀǊƳŀŎŜǳǝŎŀƭǎΦ IƻǿŜǾŜǊΣ ǘƘŜ ōŀŎƛƭƭǳǎ ƛǘǎŜƭŦ ŎǊŜπ

ŀǘŜǎ ƴŜǿ ŎƻǇƛŜǎ ƻŦ ǘƘŜ Řŀǘŀ ŜǾŜǊȅ ǝƳŜ ƛǘ ǊŜǇǊƻŘǳŎŜǎ ƛǘǎŜƭŦΣ ǘƘǳǎ ƳŀƪƛƴƎ ƛǘ 

ŀƴ ƛŘŜŀƭ ŀǊŎƘƛǾŀƭ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳΦ  

.ŀŎƛƭƭǳǎ ǎǳōǝƭƛǎ ŀƭǎƻ ŎǊŜŀǘŜǎ ŜȄǘǊŀ ŎƻǇƛŜǎ ƻŦ ǘƘŜ ŘŀǘŀΣ ƛƴǎŜǊǝƴƎ ƛǘ ƛƴ ŘƛũŜǊŜƴǘ 

ǇƭŀŎŜǎ ƛƴ ƛǘǎ ƎŜƴƻƳŜΣ ŦǳǊǘƘŜǊ ǎŀŦŜƎǳŀǊŘƛƴƎ ǘƘŜ ŘŀǘŀΦ ¢Ƙŀǘϥǎ ϦƳǳƭǝǇƭŜ ōŀŎƪπ

ǳǇ ŎƻǇƛŜǎϦ ŦƻǊ ǘƘƻǎŜ ƻŦ ȅƻǳ ǿƘƻ ƘŀǾŜ ƭƻǎǘ Řŀǘŀ ƛƴ ǘƘŜ ǇŀǎǘΦ 

~ ARPITA PATEL (T.Y. B.Sc. Sem-6) 

IŜȅ .ŀŎǘŜǊƛŀ Η {ŀǾŜ ¸ƻǳǊ 5ŀǘŀΣ aŀƪŜ aǳƭǝǇƭŜ .ŀŎƪǳǇǎ  

¢ƘŜ ŬǊǎǘ ǝƳŜ L ǊŜŀŘ ŀōƻǳǘ ǘƘƛǎ ƛŘŜŀ ǿŀǎ ƛƴ ŀƴ ŜȄŎŜƭƭŜƴǘ ǎŜǊƛŜǎ ƻŦ Ŧŀƴǘŀǎȅ 

ƴƻǾŜƭǎ ōȅ .ŀǊōŀǊŀ IŀƳōƭȅΦ Lƴ ƘŜǊ мфун 5ŀǊǿŀǘƘ ǘǊƛƭƻƎȅΣ ǎƘŜ ǿǊƛǘŜǎ ŀōƻǳǘ 

Ƙƻǿ ǿƛȊŀǊŘǎ ƻŦ ǎŜǾŜǊŀƭ ǘƘƻǳǎŀƴŘ ȅŜŀǊǎ ŀƎƻ ǎǳŎŎŜŜŘŜŘ ƛƴ ǘȅƛƴƎ ƛƴŦƻǊπ

Ƴŀǝƻƴ ǘƻ ǘƘŜ 5b! ƻŦ ǎŜƭŜŎǘŜŘ ƛƴŘƛǾƛŘǳŀƭǎΦ Lƴ ǘƘŜ ǎǘƻǊȅΣ ǎŜǾŜǊŀƭ ǇŜƻǇƭŜ 

ŦǊƻƳ мфулϥǎ /ŀƭƛŦƻǊƴƛŀ ŬƴŘ ǘƘŜƳǎŜƭǾŜǎ ǘǊŀƴǎǇƻǊǘŜŘ ŀŎǊƻǎǎ ǘƘŜ ±ƻƛŘ ǘƻ ŀƴπ

ƻǘƘŜǊ ǇƭŀƴŜǘ ŀƴŘ ǘƘŜ wŜŀƭƳ ƻŦ 5ŀǊǿŀǘƘΦ ¢ƘŜȅ ŦŀŎŜ ŀ ŘŜŀŘƭȅ ǎǇŜŎƛŜǎ ƻŦ 

ǉǳŜŜǊƭȅ ƳŀƎƛŎŀƭ ōŜƛƴƎǎ - ǘƘŜ 5ŀǊƪ - ǿƘƻ ŘŜǎǘǊƻȅŜŘ ŎƛǾƛƭƛȊŀǝƻƴ ǘƘƻǳǎŀƴŘǎ 

ƻŦ ȅŜŀǊǎ ŀƎƻΦ 9ǾŜǊȅǘƘƛƴƎ ǘƘŀǘ ǿŀǎ ƳŀŘŜ ƻŦ ǇŀǇŜǊ όƭƛƪŜ ōƻƻƪǎ ŀƴŘ ǊŜŎƻǊŘǎύ 

ǿŜǊŜ ōǳǊƴŜŘ ǘƻ ǎǘŀǾŜ ƻũ ŀǧŀŎƪǎ ōȅ ǘƘŜ 5ŀǊƪΦ ¢ȅƛƴƎ ƳŜƳƻǊƛŜǎ ǘƻ ŀ ŦŜǿ 

ǎǳƛǘŀōƭŜ ōƭƻƻŘƭƛƴŜǎ ǿŀǎ ǘƘŜ ƻƴƭȅ ǿŀȅ ǘƻ ǇǊŜǎŜǊǾŜ ŀ ǊŜŎƻǊŘ ƻŦ ǘƘŀǘ ǇŜǊƛƻŘ 

ǘƘŀǘ ǿƻǳƭŘ ŜƴŘǳǊŜΦ 

5b! Řŀǘŀ ǎǘƻǊŀƎŜ ǘŜŎƘƴƻƭƻƎȅ Ƴŀȅ ǎǳǇŜǊǎŜŘŜ ŎƻƴǾŜƴǝƻƴŀƭ ŎƘƛǇ ƻǊ ƳŀƎƴŜǝŎ Řŀǘŀ ǎǘƻǊŀƎŜ ƳŜŘƛǳƳΣ ǇǊƻǾƛŘƛƴƎ ƭƻƴƎ-ǘŜǊƳ 

ǎǘŀōƛƭƛǘȅΣ ƘƛƎƘ ŘŜƴǎƛǘȅ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ǎǘƻǊŀƎŜΦ 5ǳŜ ǘƻ ƛǘǎ ŜǊǊƻǊ-ŎƻǊǊŜŎǝƴƎ ŎŀǇŀōƛƭƛǘȅΣ 5b! Řŀǘŀ ǎǘƻǊŜŘ ƛƴ ƭƛǾƛƴƎ ƻǊƎŀƴƛǎƳǎ 

ŜȄƘƛōƛǘǎ ƘƛƎƘ ŬŘŜƭƛǘȅ ƛƴ ƛƴŦƻǊƳŀǝƻƴ ǊŜǇƭƛŎŀǝƻƴΦ IŜǊŜΣ ǿŜ ǊŜǇƻǊǘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ .ŀŎƛƭƭǳǎ ŎƘŀǎǎƛǎ ƛƴǘŜƎǊŀǘŜŘ ǿƛǘƘ ŀƴ 

ƛƴŘǳŎƛōƭŜ ŀǊǝŬŎƛŀƭƭȅ ŀǎǎŜƳōƭŜŘ ōŀŎǘŜǊƛŀƭ ŎƘǊƻƳƻǎƻƳŜ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ǊŀƴŘƻƳ Řŀǘŀ ŀŎŎŜǎǎΦ ²Ŝ ƎŜƴŜǊŀǘŜŘ ǘƘǊŜŜ ǎŜǘǎ ƻŦ Řŀǘŀ ƛƴ 

ǘƘŜ ŦƻǊƳ ƻŦ 5b! ǎŜǉǳŜƴŎŜǎ ǳǎƛƴƎ ŀ ǊǳŘƛƳŜƴǘŀǊȅ ŎƻŘƛƴƎ ǎȅǎǘŜƳ ŀŎŎŜǎǎƛōƭŜ ōȅ ǘƘŜ ǊŜƎǳƭŀǘƻǊȅ ǇǊƻƳƻǘŜǊΦ {ǇƻǊǳƭŀǘŜŘ .ŀŎƛƭƭǳǎ 

ƘŀǊōƻǳǊƛƴƎ ǘƘŜ ƎŜƴŜǎ ǿŜǊŜ ǳǎŜŘ ŦƻǊ ƭƻƴƎ-ǘŜǊƳ ǎǘƻǊŀƎŜΣ ǿƘŜǊŜ Ǿƛŀōƛƭƛǘȅ ŀǎǎŀȅǎ ƻŦ ǎǇƻǊŜǎ ǿŜǊŜ ǎǳōƧŜŎǘŜŘ ǘƻ ƘŀǊǎƘ ŜƴǾƛǊƻƴπ

ƳŜƴǘŀƭ ǎǘǊŜǎǎŜǎ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ Řŀǘŀ ǎǘƻǊŀƎŜ ǎǘŀōƛƭƛǘȅΦ ¢ƘŜ Řŀǘŀ ŀŎŎǳǊŀŎȅ ǊŜƳŀƛƴŜŘ ŀōƻǾŜ фф҈ ŀƊŜǊ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ 

ƻȄƛŘŀǝǾŜ ǎǘǊŜǎǎ ǘǊŜŀǘƳŜƴǘΣ ǿƘŜǊŜŀǎ ¦± ƛǊǊŀŘƛŀǝƻƴ ǘǊŜŀǘƳŜƴǘ ǇǊƻǾƛŘŜŘ ŀōƻǾŜ фс҈ ŀŎŎǳǊŀŎȅΦ ¢ƘŜ ŘŜǾŜƭƻǇŜŘ .ŀŎƛƭƭǳǎ ŎƘŀǎπ

ǎƛǎ ŀƴŘ ŀǊǝŬŎƛŀƭ ŎƘǊƻƳƻǎƻƳŜ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ ƭƻƴƎ-ǘŜǊƳ ǎǘƻǊŀƎŜ ƻŦ ƭŀǊƎŜǊ ŘŀǘǳƳ ǾƻƭǳƳŜ ōȅ ǳǎƛƴƎ ƻǘƘŜǊ 5b! ŘƛƎƛǘŀƭ ŜƴŎƻŘƛƴƎ 

ŀƴŘ ŘŜŎƻŘƛƴƎ ǇǊƻƎǊŀƳǎΦ 

hƴŜ ƻŦ ǘƘŜ Ƴŀƛƴ ŀŘǾŀƴǘŀƎŜǎ ƛǎ ǘƘŀǘ ǎǘƻǊŀƎŜ ŀƴŘ ŎƻǇȅƛƴƎ ƻŦ Řŀǘŀ ƛƴ ƭƛǾƛƴƎ ƻǊƎŀƴƛǎƳǎ ƛǎ ƘƛƎƘƭȅ ǎŎŀƭŀōƭŜ ǎƛƴŎŜ ŜŀŎƘ ƭƛǾƛƴƎ ŎŜƭƭ 

ǇƻǎǎŜǎǎŜǎ ƳŀŎƘƛƴŜǊȅ ǘƻ ǊŜǇƭƛŎŀǘŜ 5b! ŀƴŘ ŎƻǊǊŜŎǘ ƛǘ ƛƴ ŎŀǎŜ ƻŦ ŘŀƳŀƎŜΦ ¢ƘŜǊŜ ŀǊŜ ŀƭǎƻ ƻǊƎŀƴƛǎƳǎ ǘƘŀǘ Ŏŀƴ Ƴŀƛƴǘŀƛƴ ǘƘŜƛǊ 

5b! ƛƴǘŀŎǘ ŦƻǊ ȅŜŀǊǎ ǳƴŘŜǊ ƘŀǊǎƘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŘƛǝƻƴǎ ǘƘǊƻǳƎƘ ǎǇƻǊǳƭŀǝƻƴΣ ŀƴŘ ǘƘŀǘ ŎƘŀǊŀŎǘŜǊƛǎǝŎ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ǘƻ 

ǇǊŜǎŜǊǾŜ Řŀǘŀ ŘǳǊƛƴƎ ǘƘŜ ǎǘƻǊŀƎŜ ǇǊƻŎŜǎǎΦ 5b! ƘƻƭŘƛƴƎ ŘƛƎƛǘŀƭ Řŀǘŀ Ŏŀƴ ōŜ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ ǎǘŀōƭŜ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ Ƙƻǎǘ ƎŜπ

ƴƻƳŜ ƻǊ ǎǘƻǊŜŘ ŀǇŀǊǘ ƛƴ ǎȅƴǘƘŜǝŎ ŎƘǊƻƳƻǎƻƳŜǎΦ 

¢ƘŜǊŜ ŀǊŜ ŀƭǎƻ ƻǊƎŀƴƛǎƳǎ ǘƘŀǘ Ŏŀƴ Ƴŀƛƴǘŀƛƴ ǘƘŜƛǊ 5b! ƛƴǘŀŎǘ ŦƻǊ ȅŜŀǊǎ ǳƴŘŜǊ ƘŀǊǎƘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŘƛǝƻƴǎ ǘƘǊƻǳƎƘ ǎǇƻǊπ

ǳƭŀǝƻƴΣ ŀƴŘ ǘƘŀǘ ŎƘŀǊŀŎǘŜǊƛǎǝŎ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ǘƻ ǇǊŜǎŜǊǾŜ Řŀǘŀ ŘǳǊƛƴƎ ǘƘŜ ǎǘƻǊŀƎŜ ǇǊƻŎŜǎǎΦ 5b! ƘƻƭŘƛƴƎ ŘƛƎƛǘŀƭ Řŀǘŀ Ŏŀƴ ōŜ 

ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ ǎǘŀōƭŜ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ Ƙƻǎǘ ƎŜƴƻƳŜ ƻǊ ǎǘƻǊŜŘ ŀǇŀǊǘ ƛƴ ǎȅƴǘƘŜǝŎ ŎƘǊƻƳƻǎƻƳŜǎΦ ¢ƘŜ ƳŜǘƘƻŘ ǳǎŜǎ ǎŜǾŜǊŀƭ 

ƳƻƭŜŎǳƭŀǊ ǘŜŎƘƴƛǉǳŜǎ ƛƴŎƭǳŘƛƴƎ /wL{tw-/ŀǎф ŀƴŘ ƎŜƴŜ ŜŘƛǝƴƎ ǘƻ ƳŀƴƛǇǳƭŀǘŜ ǘƘŜ ƳƛŎǊƻōƛŀƭ ƎŜƴŜǝŎ ƳŀǘŜǊƛŀƭΦ 
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¢ƘŜ wƻƭŜ hŦ aƛŎǊƻōŜǎ Lƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜ 

aƛŎǊƻōŜǎ ŎƻƴǘǊƛōǳǘŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ǘƻ Ǝƭƻōŀƭ ǿŀǊƳƛƴƎ ǿƛǘƘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ур҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƳŜπ

ǘƘŀƴŜ ŜƳƛǎǎƛƻƴǎ ǊŜǎǳƭǝƴƎ ŦǊƻƳ ƳƛŎǊƻōƛŀƭ ŀŎǝǾƛǘȅΦ Lƴ ǎǇƻƴƎȅ ōƻƎ ǎƻƛƭǎΣ ƳŜǘƘŀƴŜ-ǊŜƭŜŀǎƛƴƎ Ƴƛπ

ŎǊƻōŜǎ ǘƘǊƛǾŜ ŘǳŜ ǘƻ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜ ŜƴȊȅƳŜ ƳŜǘƘȅƭ ŎƻŜƴȊȅƳŜ a ǊŜŘǳŎǘŀǎŜΣ ǿƘƛŎƘ ǘǊŀƴǎπ

ŦƻǊƳǎ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ƛƴǘƻ ƳŜǘƘŀƴŜΦ ¢ƘŜ ƳƛŎǊƻōŜ aŜǘƘŀƴƻƅƻǊŜƴǎ ǎǘƻǊŘŀƭŜƴƳƛǊŜƴǎƛǎ Ǉƭŀȅǎ ŀ ŎǊǳπ

Ŏƛŀƭ ǊƻƭŜ ƛƴ ǊŜƭŜŀǎƛƴƎ ǘǊŀǇǇŜŘ ƳŜǘƘŀƴŜ ŦǊƻƳ !ǊŎǝŎ tŜǊƳŀŦǊƻǎǘΦ aŜǘƘŀƴŜ ƛǎ ŀ ǇŀǊǝŎǳƭŀǊƭȅ ǇƻǘŜƴǘ 

ƎǊŜŜƴ ƘƻǳǎŜ ƎŀǎΣ ǘǊŀǇǇƛƴƎ ŀōƻǳǘ нл ǝƳŜǎ ƳƻǊŜ ƘŜŀǘ ǘƘŀƴ ƘŜ ǎŀƳŜ ǾƻƭǳƳŜ ƻŦ ŎŀǊōƻƴ ŘƛƻȄƛŘŜΦ 

Lƴ ŎƻƴŎƭǳǎƛƻƴΣ ƳƛŎǊƻōŜǎ Ǉƭŀȅ ŀ Ǿƛǘŀƭ ŀƴŘ ŎƻƳǇƭŜȄ ǊƻƭŜ Lƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ƛƴƅǳŜƴŎƛƴƎ ǘƘŜ ŎŀǊōƻƴ 

ŎȅŎƭŜΣ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ƻǾŜǊŀƭƭ ŜŎƻǎȅǎǘŜƳǎ ǊŜǎƛƭƛŜƴŎŜΦ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ƳƛŎǊƻōƛŀƭ Ŏƻƴπ

ǘǊƛōǳǝƻƴǎ ƛǎ ŜǎǎŜƴǝŀƭ ŦƻǊ ŘŜǾŜƭƻǇƛƴƎ ŜũŜŎǝǾŜ ƳƛǝƎŀǝƻƴ ŀƴŘ ŀŘŀǇǘŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎΦ .ȅ ƘŀǊƴŜǎǎƛƴƎ 

ƳƛŎǊƻōƛŀƭ ǇƻǿŜǊ ǘƘǊƻǳƎƘ ƛƴƴƻǾŀǝǾŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ǇǊŀŎǝŎŜΣ ǿŜ Ŏŀƴ ŜȄǇƭƻǊŜ ƴŜǿ 

ǎƻƭǳǝƻƴǎ ǘƻ ǊŜŘǳŎŜ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴΣ ŜƴƘŀƴŎŜ ŎŀǊōƻƴ ǎŜǉǳŜǎǘǊŀǝƻƴ ŀƴŘ  ǇǊƻƳƻǘŜ ŜŎƻπ

ǎȅǎǘŜƳǎ ƘŜŀƭǘƘΦ ¦ƭǝƳŀǘŜƭȅΣ ƭŜǾŜǊŀƎƛƴƎ ƳƛŎǊƻōƛŀƭ ǇǊƻŎŜǎǎŜǎ Ŏŀƴ ǎǳǇǇƻǊǘ ŀ ƳƻǊŜ ǊŜǎƛƭƛŜƴǘ ŀƴŘ ǎǳǎπ

ǘŀƛƴŀōƭŜ ŦǳǘǳǊŜ ŦƻǊ ƻǳǊ ǇƭŀƴŜǘΦ 

/ 
ƭƛƳŀǘŜ ŎƘŀƴƎŜ ǊŜŦŜǊǎ ǘƻ ƭƻƴƎ-ǘŜǊƳ ǎƘƛƊǎ ƛƴ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ ǿŜŀǘƘŜǊ ǇŀǧŜǊƴǎΣ ǿƘƛŎƘ 

Ŏŀƴ ƻŎŎǳǊ ƴŀǘǳǊŀƭƭȅ ŘǳŜ ǘƻ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ǎǳƴΩǎ ŀŎǝǾƛǘȅ ƻǊ ƭŀǊƎŜ ǾƻƭŎŀƴƛŎ ŜǊǳǇǝƻƴǎΦ 

IƻǿŜǾŜǊΣ ǎƛƴŎŜ ǘƘŜ муллǎΣ IǳƳŀƴ ŀŎǝǾƛǝŜǎΣ ǇǊƛƳŀǊƛƭȅ ǘƘŜ ōǳǊƴƛƴƎ ƻŦ Ŧƻǎǎƛƭ ŦǳŜƭǎ ƭƛƪŜ 

ŎƻŀƭΣ ƻƛƭ ŀƴŘ ƎŀǎΣ ƘŀǾŜ ōŜŜƴ ǘƘŜ Ƴŀƛƴ ŘǊƛǾŜǊǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ ¢Ƙƛǎ Ƙŀǎ ƭŜŘ ǘƻ ŀƴ ƛƴπ

ŎǊŜŀǎŜ ƛƴ ŀǾŜǊŀƎŜ Ǝƭƻōŀƭ ǘŜƳǇŜǊŀǘǳǊŜǎ ŘǳŜ ǘƻ ǘƘŜ ǊƛǎƛƴƎ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ƎǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎΦ /ƭƛπ

ƳŀǘŜ ŎƘŀƴƎŜ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǎŜǊƛƻǳǎ ŎƘŀƭƭŜƴƎŜǎ ŦŀŎƛƴƎ ƘǳƳŀƴƛǘȅΣ ǿƛǘƘ ŀ ǊŜǇƻǊǘ ŦǊƻƳ ǘƘŜ LƴǘŜǊπ

ƎƻǾŜǊƴƳŜƴǘŀƭ ǇŀƴŜƭ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜ όLt//ύ {ǘŀǝƴƎ ǘƘŀǘ ŀ ǉǳŀǊǘŜǊ ŀ ǉǳŀǊǘŜǊ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǇƻǇπ

ǳƭŀǝƻƴ ƛǎ ƘƛƎƘƭȅ ǾǳƭƴŜǊŀōƭŜ ǘƻ ƛǘǎ ŜũŜŎǘǎΦ 

aƛŎǊƻōŜǎ Ǉƭŀȅ ŀ ǎƛƎƴƛŬŎŀƴǘ ǊƻƭŜ ƛƴ ŎƭƛƳŀǘŜ 

ŎƘŀƴƎŜ ŀǎ ǘƘŜȅ ǇǊƻŘǳŎŜ ŀƴŘ ŎƻƴǎǳƳŜ ǘƘŜ ǘƘǊŜŜ 

ŘƻƳƛƴŀƴǘ ƎǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ фу҈ ƻŦ 

Ǝƭƻōŀƭ ǿŀǊƳƛƴƎΥ ŎŀǊōƻƴ ŘƛƻȄƛŘŜό/hнύΣ aŜǘƘŀƴŜ

ό/IпύΣ ŀƴŘ ƴƛǘǊƻǳǎ ƻȄƛŘŜόbнhύΦ ¢ƘŜƛǊ ŀŎǝǾƛǘȅ ŘŜπ

ǇŜƴŘǎ ƻƴ ŦŀǾƻǊŀōƭŜ  ƎǊƻǿǘƘ ŎƻƴŘƛǝƻƴǎΦ aƛŎǊƻōŜǎ 

ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǇǊƻŘǳŎƛƴƎ ŀƴŘ ŎƻƴǎǳƳƛƴƎ ǘƘŜǎŜ 

ƎŀǎŜǎ ŀǊŜ ŦƻǳƴŘ ƛƴ ǾŀǊƛƻǳǎ ƘŀōƛǘŀǘǎΣ ƛƴŎƭǳŘƛƴƎ ǘŜǊπ

ǊŜǎǘǊƛŀƭΣ ƻŎŜŀƴƛŎ ŀƴŘ ǳǊōŀƴ ŜŎƻǎȅǎǘŜƳǎΦ 9ŀŎƘ ƻŦ 

ǘƘŜǎŜ ŜƴǾƛǊƻƴƳŜƴǘǎ ǇǊŜǎŜƴǘǎ ǳƴƛǉǳŜ ŎƘŀƭƭŜƴƎŜǎ ƛƴ 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƳƛŎǊƻōƛŀƭ ŎƻƴǘǊƛōǳǝƻƴǎ ǘƻ ƎǊŜŜƴπ

ƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎΦ LƳǇǊƻǾŜŘ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ 

ƳƻŘŜƭǎ ŀǊŜ ŜǎǎŜƴǝŀƭ ǘƻ ŀŎŎǳǊŀǘŜƭȅ ŘŜǘŜǊƳƛƴŜ ǘƘŜƛǊ 

ƛƳǇŀŎǘ ƻƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ 

~ NIDHI NAYAK ( M.Sc. Sem-1) 


