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Mathematics in the Age of Artificial Intelligence:

The Driving Force Behind Modern Innovation

Author: Dikshit Pandey
PhD Scholar, Mathematics
Gowt. P.G. College, Manila

Abstract

Artificial Intelligence (Al) has become one of the most influential technologies of the modern era.
Behind every intelligent algorithm lies mathematics. Linear algebra, calculus, probability, statistics,
optimization and numerical methods provide the theoretical framework that enables Al systems to
learn, predict and make decisions.

Introduction

Al is revolutionizing healthcare, finance, education, agriculture and scientific research. Although
programming implements Al systems, mathematics forms their core. Mathematical models allow
computers to recognize patterns, process large datasets and improve through learning.

Mathematical Foundations

Linear algebra represents data through vectors and matrices. Calculus provides optimization
methods such as gradient descent. Probability and statistics quantify uncertainty and evaluate
predictions. Optimization determines the best possible solutions under constraints. Mumerical
methods solve equations that cannot be solved analytically and play an important role in scientific
computing and machine learning.

Applications

1 Mathematics-driven Al is used in medical diagnosis, weather forecasting, autonomous vehicles,
fraud detection, robotics, natural language processing and image recognition. Every modern Al
application depends upon mathematical reasoning. )

\
Importance for Mathematics Students

Students preparing for CSIR-MET, GATE and research careers should develop strong foundations
in Real Analysis, Linear Algebra, Differential Equations, Probability, Statistics, Mumerical Analysis
! and Optimization. These subjects open opportunities in academia, industry, data science and
artificial intelligence.

1

| Conclusion
i

The future of Artificial Intelligence is inseparable from mathematics. Mathematical thinking develops
logical reasoning, analytical ability and problem-salving skills required for innovation. As Al
continues to grow, mathematics will remain the universal language driving scientific discovery and
technological advancement.
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Applications of Fractional Calculus in Modern Mathematlcal Modellng

Jay Paliwal
Ph.D. Scholar (Mathematics)
Government P.G. College, Manila

Abstract

Fractional calculus generalizes differentiation and integration to arbitrary orders. It provides an effective mathematical framework
for systems exhibiting memory and hereditary properties. During the last two decades it has become an essential research area
because classical integer-order models cannot accurately describe many complex physical phenomena.

Introduction
The concept dates back to a question raised by Leibniz in 1695 regarding derivatives of non-integer order. Modern researchers

have transformed this theoretical idea into a practical tool for science and engineering. Fractional operators describe non-local
behavior, meaning that the present state depends on the entire history of the system.

Mathematical Background

The Riemann-Liouville and Caputo derivatives are the most frequently used definitions. Caputo derivatives are preferred in
engineering because they allow classical initial conditions. Numerical methods such as finite difference, spectral methoeds, and
predictor-corrector algorithms are commonly used to solve fractional differential equations.

Applications

Fractional calculus has important applications in viscoelasticity, heat conduction, diffusion, groundwater flow, elecirical circuits,
biomedical engineering, epidemiology, image processing, robotics, artificial intelligence, financial mathematics, and control
systems. Memory-dependent medels often produce results that agree more closely with experiments than classical differential
equations.

Future Scope

Current research focuses on variable-order derivatives, stochastic fractional equations, optimization, machine learning
integration, and high-performance numerical computation. These developments are expanding the use of fractional models in
climate science, healthcare, and data-driven engineering.

Conclusion

Fractional calculus represents one of the fastest-growing areas of applied mathematics. lis interdisciplinary applications and
strong theoretical foundation make it highly relevant for modern research. Continued advances in analytical theory and
computational algorithms will further strengthen its role in mathematical modeling and scientific innovation.
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The classic graduate paradox is brutal: you cannot get a job without
experience, but you cannot get experience without a job. However, hiring
managers do not just look for corporate titles. They look for proof of
competence. A portfolio is your way of saying, "Don’t look at my empty
resume; look at what | can actually build." Here is how to create a high-
impact portfolio from scratch using work you are already doing.

Stop viewing semester submissions as mere chores. Turn them into
professional case studies. If you wrote a marketing report or a research
paper, format it cleanly, add data visualizations, and write a summary
explaining your methodology. Frame it as a solution to a real-world
problem.

You do not need a boss to start working. Invent your own projects
based on your interests.
* For Coders: Build a script that solves a personal frustration, like an
automated bot that tracks price drops, and host it on GitHub.
* For Designers: Pick a popular app with a clunky interface. Redesign
three screens, document your design thinking, and publish it on
Behance.

A great portfolio does not just show a final product; it shows your
thinking process. For every piece you include, briefly explain:
* The Goal: What problem were you trying to solve?
* The Obstacle: What went wrong, and how did you fix it?
* The Result: What was the final outcome or takeaway?

You do not need an expensive custom website. Use GitHub for code,
Behance or Figma for design, and Notion or Medium for writing and
marketing case studies. Stop waiting for someone to give you an
opportunity—start building your own.

Tanuja Sharma
B.A. 4th sem



The morning bell begins the race,

We hurry to our usual place.
With heavy bags and sleepy eyes,

We watch the campus sun arise.

A cup of chai to start the day,
To chase the heavy stress away.
The library is quiet, deep,

Where pages turn and secrets sleep.

The shared notebooks, the borrowed pen,
The doubts we argue now and then.
| Through tricky tests and deadlines tight,
| | We;‘gtiide ;each other through the night.

The years wnll ﬂy, the days will fade,
But not the frlendshlps we have made.
We came as strangers, looking small,

But leave wnth hearts that hold it all
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3. At WWUT (Disaster Risk Reduction-DRR):
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Every fifth of June, the world observes World Environment Day, and every fifth of June,
somewhere in Uttarakhand, a glacier is a little smaller than it was the year before. The two facts rarely
appear in the same sentence, but they belong together, because if any place on Earth tests whether a
single day of global environmental messaging actually means anything, it is this stretch of the Indian
Himalaya that local tradition calls Devbhumi, the land of the gods, and that hydrology quietly calls the
source region of the Ganga.

World Environment Day itself began at the United Nations Conference on the Human
Environment, held in Stockholm from the fifth to the sixteenth of June 1972, where delegates from
113 countries gathered for the first time to talk about pollution, resource depletion, and the price the
planet was starting to pay for human development. Out of that conference came both the United
Nations Environment Programme and a slogan, Only One Earth, that became the theme of the first
observance the following year. The day has been held every fifth of June since 1973, with a different
host country each year from 1987 onward, and its themes have tracked the shifting anxieties of each
decade: pollution and ozone depletion in the seventies and eighties, biodiversity and sustainable
development after the 1992 Rio Earth Summit, water scarcity and melting ice through the two
thousands, plastic pollution and wildlife crime in the 2010s, and now, in what the United Nations
Environment Programme calls the triple planetary crisis of climate change, biodiversity loss, and
pollution, a decade defined by ecosystem restoration and climate action. This year, 2026, the Republic
of Azerbaijan hosted the global observance in Baku, with the campaign built around the call-to-action
Now-for-Climate and the host nation's own message, Inspired by Nature, For Climate, For Our Future,
both insisting that healthy ecosystems are not a side issue in the climate fight but the whole point of
it. For a state whose glaciers, forests, and pilgrim towns sit exactly where that argument gets tested
against reality, the observance is not a distant ceremony. It is a description of home.

Uttarakhand carries a strange kind of double identity. It is the state of the Char Dham, the four
sacred sites of Yamunotri, Gangotri, Kedarnath, and Badrinath, visited by millions of pilgrims each year,
and it is also home to Nanda Devi, India's second highest peak, ringed by a biosphere reserve so
carefully protected that it has been closed to general access since 1983. It holds 968 of the 9,575
glaciers counted across the Indian Himalaya, feeding the Bhagirathi and Alaknanda rivers that meet at
Devprayag to form the Ganga itself. Its forests, a mix of oak and rhododendron higher up and chir pine
lower down, once covered roughly a third of its land area. And it is, since the early 1970s, the
birthplace of one of the most studied grassroots environmental movements the modern world has
produced. That last fact is where this story really has to begin, because everything that has gone
wrong in Uttarakhand since has, in one way or another, been a failure to listen to what a group of
villagers tried to say fifty years ago.

Tucked inside that same high-altitude belt sit the Nanda Devi and Valley of Flowers National
Parks, inscribed together as a single UNESCO World Heritage Site in 1988. The Valley of Flowers is
exactly what its name promises, a high meadow that turns into a carpet of alpine blooms through the
monsoon months, while Nanda Devi National Park, ringed by peaks around the 7,817 metre summit
itself, has stayed almost untouched by human traffic since access was closed in 1983. Together with
their buffer zone, stretching over roughly 5,861 square kilometres, they form part of the Western
Himalayas Endemic Bird Area and shelter a concentration of threatened medicinal plants unmatched
by most other protected areas in the Indian Himalaya.



It is a small, telling detail that this entire zone of exceptional wildness sits directly above Reni viliagg,
the same village where, in 1974, a group of women changed the course of Indian environmental
history, and directly above the valley where, in 2021, that history would circle back on itself in the
form of a catastrophe.

In April 1973, in a village called Mandal in the upper Alaknanda valley, forest contractors
arrived to fell ash trees that had been allotted to a sporting goods company from the plains, after local
villagers had already been refused a much smaller quota of the same trees for making farm tools.
Under Chandi Prasad Bhatt, who had founded a village cooperative called the Dasholi Gram Swaraj
Mandal nine years earlier, the villagers walked into the forest and wrapped their arms around the
marked trees. The contractors withdrew, the government cancelled the permit, and a movement had,
without quite meaning to, found both its method and its name. Chipko means to cling, to stick close,
and it is exactly what those villagers did.

The moment that made Chipko famous happened almost a year later, on the twenty sixth of
March 1974, in the village of Reni, close to Joshimath. The Forest Department had scheduled the
felling of more than two thousand trees on the slope above the village, and when the men of Reni
were lured away to a nearby town under the pretext of a compensation meeting, the loggers assumed
the coast was clear. It was not. Gaura Devi, who led the village's women's welfare committee,
gathered about two dozen women and girls and walked straight into the forest, placing themselves
between the axes and the trees until the labourers gave up and left. The Reni action forced the state
government to set up a formal inquiry into deforestation across the Alaknanda valley, which in turn
produced a ten year ban on commercial logging in the region. Sunderlal Bahuguna, a Gandhian
environmentalist from Tehri, spent the following years carrying the movement's message across the
wider Himalaya, once fasting for two weeks in protest against state forest policy, and it was around this
time that Chipko's defining phrase took hold: ecology is the permanent economy. It is worth
remembering, too, that this was not an isolated flash of protest but part of a much older Indian
instinct, one that reaches back to 1730 and the Bishnoi villagers of Rajasthan who died defending
khejri trees from the same kind of axe. What made Chipko different was that a government inquiry,
forced open by the protest itself, formally linked deforestation to the catastrophic 1970 flood of the
Alaknanda River, proving in an official document what the villagers had already understood in their
bones, that a bare slope and a flooded valley are the same story told twice.

That story has kept repeating. The Gangotri glacier, the largest in the Uttarakhand Himalaya
and the source of the Bhagirathi River, has been watched by scientists longer than almost any other
Himalayan ice body, with records going back to 1780. Between 1936 and 1996, it retreated 1,147
metres, an average of about nineteen metres a year, and the pace has only picked up since. A study by
the Wadia Institute of Himalayan Geology in Dehradun, comparing a 1935 government survey map
with present conditions, found the glacier had pulled back roughly 1,700 metres in total, with the rate
of retreat climbing decade after decade, reaching as high as thirty-eight metres a year in recent
measurements. Government figures placed before the Rajya Sabha recorded a loss of 0.23 square
kilometres of glacier area between 2001 and 2016 alone, and glaciologists tracking Gaumukh, the
glacier's snout and the exact birthplace of the Bhagirathi, have found it has retreated more than three
kilometres since it was first surveyed in 1817, a shift they trace to a documented change in the
weather itself, less of the protective winter snow that used to feed the glacier, and more of the
monsoon rain that now eats away at it. None of this is only a story about ice. Less reliable meltwater
threatens the long-term water security of everyone downstream, and a thinning, retreating glacier
leaves behind exactly the kind of unstable, moraine dammed lakes and overloaded slopes that tend to
fail catastrophically rather than gradually.

Two such failures already define the last decade of Uttarakhand's history. On the sixteenth and
seventeenth of June 2013, days of unusually heavy rain caused the moraine dammed Chorabari Lake
above the Kedarnath temple to overflow, sending a wall of water, silt, and boulders down the
Mandakini valley. Government figures put the confirmed and presumed death toll at more than 5,700,
including 934 residents of the state itself, though independent estimates, given how many pilgrims
were in the valley at the time, have run considerably higher, and the real number has never been
settled. One assessment put the cost of destroyed roads and bridges alone at roughly 285 million
dollars. The disaster was later traced to a familiar mixture of causes, extreme rainfall acting on a
landscape already weakened by unregulated construction and more than two hundred power and
mining projects scattered across the state's river valleys.

Then, on the seventh of February 2021, it happened again, and this time the geography carried
an almost unbearable irony. Above Reni village, the very place where Gaura Devi had led her
neighbours against the loggers in 1974, a mass of rock and glacial ice, roughly twenty seven million
cubic metres of it, broke away from the north face of Ronti Peak inside the Nanda Devi Biosphere
Reserve and turned instantly into a debris flow that tore down the Ronti Gad, Rishiganga, and
Dhauliganga valleys, carrying boulders more than twenty metres wide and scouring the valley walls
more than two hundred metres above the original riverbed. It destroyed the small Rishiganga
hydroelectric project near Reni and ‘badly damaged the much larger Tapovan Vishnugad project
downstream. More than two hundred people were killed or went missing.



By May, rescue crews had recovered eighty-three bodies, identified forty-nine of them, and were still
searching for one hundred and twenty-one more. Scientists who studied the event concluded it was not
the kind of glacial lake outburst flood the region had seen before, but a direct rock and ice avalanche,
likely connected to rising land surface temperatures and changing rainfall patterns recorded in the area
since 2012, a mechanism nobody had documented at this scale in the Himalaya before. The valley the
Chipko women once defended with their own bodies had, half a century later, delivered exactly the
warning their movement had tried to give.

If Kedarnath and Chamoli arrived as sudden violence, what has been happening at Joshimath is
slower and, in its own way, more unsettling. The town, seat of one of the four cardinal mathas
established by Adi Shankaracharya and the last major stop for pilgrims heading to Badrinath, Hemkund
Sahib, and the ski slopes of Auli, sits on the debris of an ancient landslide in a zone of serious
earthquake risk. Residents had reported cracks in their walls as early as 2020, but the crisis broke into
public view in January 2023, when new cracking damaged or destroyed close to nine hundred
structures and forced hundreds of families out of their homes. Four municipal wards were declared
completely unsafe. Satellite data from ISRO's National Remote Sensing Centre showed the town had
sunk 8.9 centimetres between April and November 2022 in a slower phase, before the ground gave way
faster still, dropping another 5.4 centimetres in just twelve days that December and January. Later,
more detailed radar surveys found the subsidence varying wildly from one part of town to another,
from a few millimetres a year in some pockets to more than ninety millimetres a year in others.
Government appointed experts blamed a mixture of causes, the town's fragile underlying geology, its
location in an active seismic zone, and human pressures like unregulated construction and sewage
seepage into already saturated ground, while the state's power ministry publicly denied any link to the
hydroelectric projects operating nearby. Families received interim relief, cash payments, waived utility
bills, deferred loan repayments, but whether Joshimath can keep growing safely at all remains an open
and uncomfortable question, and geologists have already pointed to other towns, Karnaprayag and
Nainital among them, sitting on-similarly unstable ground.

Every summer now brings itssown emergency too, in the form of fire. Uttarakhand's fire season
usually runs from mid-February to mid-June, and the season spanning November 2023 to June 2024
was the worst on record, with 21,033 fire detections logged by the Forest Survey of India, a jump_of
roughly seventy four percent over the previous year's 5,351. An estimated 1,808.9 square kilometres of
forest burned, and the state accounted for more than a tenth of every forest fire recorded anywhere in
India that season, a startling share-for a state with a small fraction of the country's total forest cover.
Scientists at the Indian.Institute of Remote Sensing found that fires between February and April of 2024
were more than double what they had been over the same months in 2023, driven by an unusually dry,
hot March. Much of the blame falls on chir pine, which covers close to twenty eight percent of the
state's forest area and drops resin rich needles that catch fire fast and burn hot. Some of these forests
have coexisted with fire for centuries, but researchers now find that the frequency and intensity of
recent burns is exceeding what the ecosystem-can absorb, with real, measurable losses to soil, carbon
storage, and undergrowth. The sight of Indian Air Force helicopters scooping water from Bhimtal Lake
to fight fires threatening Nainital has become, for better or worse, a normal part ‘of the Uttarakhand
summer.

And then there is the road. The Char Dham all weather highway project, launched in December
2016 and formally known as the Chardham Mahamarg Vikas Pariyojana, set out to widen and rebuild
roughly nine hundred kilometres of highway connecting Yamunotri, Gangotri, Kedarnath, and Badrinath
into a continuous two-lane, all-weather road, at a cost of around twelve thousand: crore rupees. The
government defends it on two fronts, safety. for the millions of pilgrims who travelthe route every year,
and strategic value along a stretch close to the India China border. Environmentalists have fought it just
as hard, and their central objection is the width of the road itself. The ten metre carriageway the project
adopted goes well beyond the 5.5 metre limit the road transport ministry's own 2018 guidelines had
recommendeéd for fragile Himalayan terrain, and beyond the roughly seven metre width of comparable
border roads elsewhere in the country, which means far more cutting into unstable slopes than the
older rules ever allowed. Critics also allege the nine-hundred-kilometre project was deliberately split
into fifty-three smaller packages, each kept just under the hundred-kilometre threshold that would
otherwise trigger a full environmental impact assessment. The Supreme Court allowed the wider road
on three stretches in December 2021 but ordered an oversight committee to monitor its environmental
compliance, first under<the environmentalist Ravi Chopra, who resigned in 2022 saying the road
ministry was ignoring his committee's advice, and then under the retired judge A. K. Sikri. By 2024 and
2025 the project was reported to be about seventy five percent finished, with the most contested
stretch, between Uttarkashi and Gangotri, running through forest rich in rare deodar cedar, still under
construction. Local ‘environmentalists have documented repeated landslides along the widened
sections in successivemonsoons, and construction debris dumped straight into river channels, feeding
exactly the kind of downstream risk that produced Kedarnath and Chamoli in the first place.



Underneath almost every one of these pressures sits the same simple fact, that Uttarakhand's
mountains are also its economy. The Char Dham yatra alone now draws well over four million pilgrims
in a good season, a number that state tourism departments once treated as a triumph and that
geologists increasingly treat as a warning. Every widened road, every new guesthouse in Joshimath,
every hotel pushed further up a slope toward Auli or Badrinath, answers to that same demand, and
every one of those structures adds weight and disturbance to ground that was never particularly stable
to begin with. None of this means the pilgrimage itself is the problem. It means that a state whose
spiritual identity and whose economic survival both run through the same narrow, fragile valleys has
very little margin left for getting the balance wrong.

Against all of this, Uttarakhand does hold real institutional strength. The Nanda Devi Biosphere
Reserve remains one of the least disturbed high-altitude landscapes anywhere in the Himalaya precisely
because it has been kept off limits since 1983, a striking contrast to the pressure visible almost
everywhere else in the state. The G. B. Pant National Institute of Himalayan Environment,
headquartered at Kosi Katarmal near Almora since its founding in August 1988, functions as the
government's lead research body for the entire Indian Himalayan Region, with centres now reaching
from Ladakh to Sikkim and Arunachal Pradesh. And Uttarakhand still runs on a system of van
panchayats, village forest councils formalised under colonial era rules in 1931 and unique to this part of
India, which give local communities direct rights and responsibilities over the forests around them, a
structure of care that scholars trace to the very same instinct that produced Chipko half a century ago.
Which brings the story back to where it started, on a fifth of June in Baku, with a global campaign
asking the world to move past simply acknowledging the climate crisis and start doing something about
the systems that cause it. In Uttarakhand, that call does not need translating. It already has a local
address. It means treating the mountain's carrying capacity as a genuine limit rather than an obstacle to
be engineered around, and it means holding two truths about these slopes at once, that they are
sacred, the source of the Ganga, the seat of Adi Shankaracharya's matha, the road to the Char Dham,
and that they are also, in the plainest geological sense, some of the youngest, least settled, most
earthquake prone mountains on the planet. Uttarakhand gave the world Chipko before the rest of the
world had a language for what Chipko was doing. It would be a strange kind of forgetting if the place
that taught that lesson first were also the place where nobody, in the end, had learned it.

Dr. Kavinder Bhatt
Assistant Professor
Department of English
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When you Sitind Iecture hall, your senses teIl you a. very specific story about reallty You place
your notebook on a heavy wooden desk, rest your feet on @ concrete floor, and tap away on a solid
~ plastic keyboard Theseobjects feel substantial, dense permanent and completely real. If you drop'
your pen, it hits the desk with a sha?rp, reassurlng click: Jf you lean too hard against the wall, it pushes A
- back against )/ou with unyielding force: Qur entire da|Iy experlence is bu|It on.the absolute certainty
““that the materlal world is packed tlght wrth s,olld matter < e
3 But as physmnsts our jobis to lo%. beneath the surface’ of human perceptlon When we turn
ra-physi ,;Ptoward’theklecture‘halj, the certamty of the solid worId completely

.....

yo tln'a lecture hall your senses‘te you a very
your not?éook on a heavy wooden de 1 o

: oerfanen mpletely real. If you drop
: Vour pen it hits the desk W ,.reas: ""' click, If you-le 00 'gamst the wall, it-pushes
! daify - 1ce is built n;the absolute certainty

dlSSOlVE‘S L
If we strlp away ou L nivers '.ItS' most fundamental,

, science: you, your desk yo A’ niverse-are composed almost
" entirely of, absolute prlst
orchestrated 1llusron 2

: Mappmg the Empty Stadlum--" . :
To understand why’ the "wor‘fél -fs —‘éﬁqpty / to‘look at: the anatomy of the atom. For
decades ®school t‘extbooks have |llu'st|sated ‘ato,ms usmg the classic pIanetary model: a neat little
‘Cluster of protons* ‘and neutrofs in the cernter "Wlth electrons ‘orbiting closely around them’llke tiny
planets around a sun. While this’ d&awmg is convenlent for passng'Ngh school exams, it is W|IdIy
“»incorrect when it comes to actuaiaphysmal scale. It grves the false- |mpre55|on that an atom |s a
crowded, bustling space packed wnthphysmal particles. -
Inreality, the scale of an atom 15 “mind-bogglingly sparse. At the center sits the nucleus,
containing almost all the mass of the atom Surroundmg this nucleus. is.the electron cloud. To truIy
comprehend the vast, empty gulf that separates these two comﬁ‘é’nents we have 1o sca’fe the atom
up to human proportlons i Ee - ; S g
Imaglne the nucleUS of a: smgle hydrogen atom is s‘caled up to the size of a standard marble,
: roughiy one centlmetre in dlameter If you were to place that marble precisely on the midfield line of
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: The eIectron wouId not be hovermgﬂea ‘the ‘marble. It would be‘a tlny speck of dust, smaller than a
grain of sand, buzzing around: the outet’ rim‘of the stadium’s uppermost deck.

Everything between that marbTe on the: mldfleld line and the dust mote in the nosebleed
seats—the entire playing field, the" thOusands -of rows of plastlc chairs, the open air—is completely,
utterly empty. There are no hidden partrcles fllllng the gap, no secret f|UId w no underlylng
structure. It is a pure, absolutevacuum ' :

7 When you calculate the: mathemathaI volume of thls arrangement you reahze that an atom is
more than 99.99999999999% empty space. Because you are made: entlrely of: atoms it means that
-i'you, too, are nearly entirely a vacuum. If you were to collapse the human body, squeezmg out every
single bit of atomic empty space so that all the nuclei and electrons ‘were packed tlghtly together with' -
“ no gaps, the entire human race——all elght billion people on Earth—would fit |n5|de the vqume of a"_.v
single sugar cube. : : AEOT
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Yet that sugar cube would still retain the weight of the entire global populatlon welghlng hundreds s
of millions of tons. 3 :
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Quantum Pressure and the Paull Exsluswn Principle
The story of -our |Ilu5|onary solrd world goes even deeper into the quantum realm-‘_,

_at play known as the Paull Exclusion Prlnaple T

. Discovered by phys|C|st Wolfgang Pauli‘in 1925, this Iaw states that two |dent|calferm|ons (the
‘class of partlcles that mcludes electrons and protons) cannot occupy the exact same quantum state at
the exact same t|me Electrons are mcsed.rb:ly territorial particles. They refuse to share their personal
* space. =

Think of the electrons aroumi at atom ‘not as planets on predictable tracks, but as a
hyperactive fan blade spinning at nearﬂnflmte speeds A 'spinning fan blade is mostly empty space;
you can see right through it when it |s -t:urned off. But when the fan is switched o &and spinning at
maximum velocity, you cannot stick your flnger through the gaps without getting pushed back. The
blade effectively "occupies' the entire circle of space through its rapid motion.:

In the quantum world electrons behave like those hyperactlve fan blades. They move Sso
quickly and unpredictably within their orbital shells that they effectlvely lock outany other particles
from entering their domain. When you push down on your desk .you are. trylng to force the desk’s. .
.- electrons into the same quantum states as.your hand’s electrons: The unlverse strlctly forbids ‘this: -
This quantum resistance creatés a tremendous outward pressure, giving matter rts structural mtegnty_.f'-
and making things feel rigid. i S B o PR NaelSr
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The- Grand Desagn of Nature = : :

Why did the universe choose to build reality out of nothingness? Why isn't the cosmos made
of solid, contlnuous blocks of matter? The answer lies in the beautiful efficiency of natural laws:

If. atoms were compIeter solid spheres, the universe would- be a stagnant, rigid place.
Chemistry would not exist. The vast empty spaces within’ the atom are what allow electrons to shift -
~ energy levels, form chemical bonds share resouroes with nelghbourlng atoms and create complex
‘molecules. - . A SR

' Wlthout this emptiness, carbon atoms coqu not Ilnk up to form DNA water molecules could A

not flow, and stars could not. |gn|te the - nuclear: furnaf;es that forge the elements of life. The:
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ASS|stant Professor
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The search for Sanjeevani Booti spans from the pages of the ancient Ramayana directly into
modern pharmacology labs and the rugged terrain of the Garhwal Himalayas. Far from a mere bedtime
story, this plant represents a real-world biological marvel. Below is a comprehensive breakdown of the
historical context, botanical candidates, precise trekking routes, and medicinal profiles of the plants
associated with the legendary life-giver.

The Four Divine Herbs of the
Ramayana

According toe the Valmiki Ramayana,

the royal physician Sushena did not ask for a
single plant. He requested four distinct herbs
from the Dronagiri hills to treat a mortally
wounded Lakshmana:

Mritasanjeevanzl: The core herb used to
restore life and reverse unconsciousness.
Vishalyakarani: i specialized compound
utilized to painlessly extract embedded
arrows and spears\‘rom tissue.

Sandhanakarani: A, cellular-level binding
agent that accelerates the healing of
deep flesh wounds and torn muscle

fibers. L3
Suvarnyakarani: skin-restoring
botanical that repairs discolouration,

tissue burning, and scarring.
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Medieval C

Colonial Science

Modern

ient Epics

ommerce

Research

Valmiki Ramayana (Yuddha Kanda):
Sushena prescribes 4 herbs.

Ain-i-Akbari.
Mughal soldiers use Aravalli "Sanjeevani'.

Linnean Society:
J.D. Hooker logs Selaginella bryopteris.

Uttarakhand Government:
Funds Chamoli District expeditions.

p Chronology of th{ Legend

Botanical Matrix: Top Sanjeevani Candidates

Scientists have narrowed down the mythical candidate pool t
endemic to Uttarakhand and neighbouring northern ranges.

ecific high-altitude flora

Botanical Famil Altitude / Primary Active Documented Medical
Name y Habitat Range Phytochemicals Utility
1,000 to 4,000 Prevents severe
Selaginella . feet; Lithophytic heatstroke, treats
: Selaginellaceae . .
bryopteris (grows on bare ndice, protects against
rock faces) 1 cell damage
10,000 ,00 me adaptogen;
. feet; Glac ‘enhances oxygen
Rh I C I -y - .
odiola rgscl g *Idges and high synthesis under hypoxia,
alpine cliffs lowers cortisol.

13,000 to 16,000

-

1HEI-I'” iammatory; treats

Saussurea feet; Sc e %cute mountain sickness
I Asteraceae R . lactones, .
gossypiphora slopes and . and.internal pulmonary
) . avonoids -
glaciated regions 14 bleeding.
. 4
¥ ity 2
| 12,000 to 15,000 | . Potent antiseptic; used by
Pleurospermum A ' - Coumarins, B
h Apiaceae eet; Open / y local shepherds to clean
candollei y ' Terpenoids :

S

L and heal deep gashes.




Cellular Mechanisms: How the "Resurrection" Works
The ultimate real-world manifestation of the Sanjeevani myth is observed in Selaginella
bryopteris. This unique plant showcases a biological superpower known as poikilohydry.

SELAGINELLA LEPIDOPHYLLA (RESURRECTION PLANT) - HYDRO-ACTIVATED LIFECYCLE

DRY SEASON / DORMANCY (95% MOISTURE LOSS) ~ MONSOON / REHYDRATION (AETER RAIN)

Metabollc >> Metabolic
Shutdown Reactivation

1 « Thylakoid membranes collapse to prevent photo-damage. * Trehalose dissolves, mobilizing sugars.
« Fronds curl into a tight ball to reduce surface area. \ ‘ « Cellular matrix expands, driving frond unfurling.
* Metabolic actwrty freezes (ametabollsm) R * Photosynthesis resumes in hours.

=7 ==

The Biochemica‘ Shield

When severe| drought strips the plant of up to 95% of its water content, it synthesizes vast
amounts of trehalose, a specialized non-reducing disaccharide sugar. This sugar creates a. protective,
glass-like state inside the cell cytoplasm. It stabilizes fragile proteins and ceIIuIar membranes, shielding
them from permanentgtructural collapse.

When water returns, the sugar safely dissolves. The plant unsurls converts back to a vibrant
green, and triggers cellular resplratlon in a matter of hours. ,C A

v
Expedition Blueprint: Trekking to Dronagiri }'
For adventure and botanical enthusiasts, the historical epicentre of the Sanjeevani trail is
Dronagiri Village, located in the Chamoli district of U‘ttarakhaﬁd

The Core Trekking Route \ ! (
* Altitude: 12,000 feet (3,658 meters) at the village level. y
e Starting Trailhead: Jumma Village, situated roughly 45 kilometres ahd of Joshimath along the
Malari highway.
* Trek Distance: 10 kilometres from Jumma to Dronagiri Village.
* Extensions: Continue another 5 to 7 kilometres past the village to'reach the Bagini Glacier Base
Camp or Nandi Kund to witness the sheer, vertical rock face of Mt. Dronagiri up close.
"

'.'\

Essential Logistics ==
* Optimal Seasons: May to June (pleasant summer blooms) and
monsoon mountain views).
* Required Permits: Inner Line Permits are strlctly mantor
SDM office at Joshimath, given the trail's close proximi
* Village Protocol: Respect the unique Iocawwﬁ» Historicall
4 »

worshipping Lord Hanuman becad@e his removal of the mountal
landscape.

Vd

eptember to October (clear post-

O .
's,0f Dronagiri avoided
nk altered their sacred

Domestic Cultivation: Growing Sanjeevani - g
at Home nght 3

Varieties of the Selaginella "resurrection fern®  SETE e

have successfully made the leap from remote mou '
ridges to residential indoor gardens.
« Lighting Requirements: Position the plant in areas A
with indirect, filtered surpight Avoid direx;tt-
afternoon sun exposure, which €an scorch o
delicate, thin fronds. L% “ W/ 12
+ Hydration Routine: Maintain nly moist:'soil ' l
conditions. ) v _

Temperature

‘r—P 18°C-28°C

3



(20)

While the plant can survive total drying, keeping it hydrated in a premium peat-perlite soil mixture
ensures continuous green growth.

* Humidity Management: Keep atmospheric humidity high (above 60%). It thrives in closed glass
terrariums, indoor greenhouses, or placed sitting atop a shallow, water-filled pebble tray.

Ayurvedic vs. Modern Pharmacological Chart

Traditional ML
Ayurvedic Property s Pharmacological Cellular Mechanism
Validation .
Equivalent
Rejuvenator; slows . . Scavenges free radicals;
) . Antioxidant & Anti- 8 .
Rasayana down the aging agin upregulates super-oxide
process. ging dismutase (SOD).
Life-giving; . Protects mammalian cells
L g ) g,. Neuroprotective & .
Jivaniya restores vitality . against extreme heat shock
. Adaptogenic .
and consciousness. and oxidative stress.
Improves skin Minimizes DNA damage
Varnya health and UV & Radioprotection caused by harmful ultraviolet
complexion. radiation exposure.
rants physical Stimulates macrophage
Balya strength and ~ Immunomodulatory activity and enhances ceIIu‘ldr
(immunity. immune responses.

"r

Dr. Shaiphali Saxena
Assistant Professor
Department of Botany
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