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Principal's Message

With great delight, | extend my warmest greetings to all members of our
esteemed institution as we present the latest edition of our Mathematics
Magazine. Witnessing the dedication and enthusiasm of our students and
faculty in curating this publication fills me with immense pride.

Mathematics is more than just a subject; it is a universal language that
reveals the mysteries of the universe and equips us with problem-solving
skills that transcend academic boundaries. In this edition, you will discover a
diverse range of articles, problems, and insights that highlight the
multifaceted nature of mathematics and its applications across various
fields.

| extend my heartfelt gratitude to the editorial team, comprised of both
students and faculty members, for their tireless efforts in bringing this
magazine to life. Their unwavering commitment to promoting mathematical
knowledge and fostering a love for the subject within our community is truly
commendable.

May this magazine serve as a source of inspiration, igniting curiosity and a
passion for the endless possibilities within the realm of mathematics. | hope
it not only deepens our understanding of the subject but also strengthens the
bonds among us, fostering a sense of camaraderie.

Let us celebrate the achievements of our students and faculty, and continue

to nurture a culture of learning and excellence in our institution. Thank you

for your continued support, and | look forward to witnessing the ongoing
s 8rowth and success of our mathematics community.

Principfl
1 Maulana Azad College
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Message from the Head of the Department
Dr. Somnath Bandyopadhyay,
Maulana Azad College, Kolkata

It is with immense pleasure that | extend a warm welcome to all of you to the vibrant realm
of our College Mathematics Magazine. As the Head of the Mathematics Department, | am
thrilled to witness the launch of this remarkable initiative that celebrates the beauty,
diversity, and intellectual richness of the mathematical world.

Our College Mathematics Magazine is not just a publication; it is a testament to the
passion, curiosity, and brilliance that define our mathematics community. Mathematics, as
we know, is not merely a subject but a universal language that unveils the secrets of the
universe. Through this magazine, we aim to cultivate a deeper appreciation for the
elegance and transformative power that mathematics brings to our lives.

Within these pages, you will find a diverse collection of articles, features, and insights that
highlight the extraordinary achievements of our students and faculty. This magazine
serves as a platform to showcase the exceptional talent and creativity that thrive within
our department.

| encourage each of you—whether a seasoned mathematician or someone just embarking
on their mathematical journey—to actively engage with the content. This magazine is
designed as a space for everyone to learn, explore, and be inspired by the boundless
possibilities of mathematics.

| would like to extend my heartfelt gratitude to the dedicated team of students and faculty
members whose hard work and enthusiasm have brought this publication to life. Your
unwavering commitment to excellence is evident on every page, and | am confident that
this magazine will be a source of pride and inspiration for our mathematics community.

As we embark on this exciting journey together, let us celebrate the beauty of
mathematics and the intellectual curiosity that drives us to explore its infinite depths.
May this magazine be a source of inspiration, motivation, and a shining example of the
enduring spirit of the Mathematics Department at Maulana Azad College.

Wishing you all a fantastic experience as you delve into the pages of our inaugural

athematics Magazine! @

Head
Mathematics Department,
Maulana Azad College
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TEACHER'S EDITORIAL "~

DR. NANDA DAS DR.BABLI SAHA

Dear Readers,

It is with great pleasure and enthusiasm that we welcome you to the latest issue of
Mathematics Magazine. As we embark on this mathematical journey together, we are
reminded of the profound beauty and significance that mathematics holds in our lives.

In this edition, we have curated a diverse collection of articles that traverse the expansive
landscape of mathematics. From Algebra, Number Theory, and Real Analysis in pure
mathematics to Mathematical Biology and Applied Physics, these contributions reflect the
richness of the field. Our contributors—ranging from current and former students to
esteemed members of our faculty—have crafted insightful pieces that we are confident will
engage, inspire, and perhaps challenge your understanding of the mathematical universe.

Beyond the articles, this issue highlights various programs and extracurricular activities
organized by the department. These initiatives showcase not only the depth of
mathematical knowledge but also its profound impact on the world around us.

We extend our sincere gratitude to all contributors for sharing their expertise and passion
for mathematics, and to our dedicated editorial team for their tireless efforts in bringing
this issue to life.

We hope that Mathematics Magazine continues to serve as a source of intellectual
stimulation and a catalyst for fostering a deeper appreciation of the mathematical sciences.

Happy reading!

m 28 Palls Saha

Associate ’Prqfessor, Associate ’Professor,
Mathematics Department, Mathematics Department,
Maulana Azad College Maulana Azad College
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STUDENT’S
EDITORIAL

-A Journey Beyond
Numbers

Dear Readers,

Welcome to this latest installment of our college Mathematics Magazine! As
we venture into the vast expanse of mathematical marvels, we are reminded
of the sophistication, accuracy, and breathtaking beauty that mathematics
has to offer. Often regarded as the most fundamental of all fields,
mathematics serves as the cornerstone for subjects spanning from Physics
and Chemistry to social sciences like Economics and cutting-edge fields such
as Computing and Data Science. In this issue, we embark on a journey
beyond mere numerals, exploring the intricacies of mathematical concepts
that not only shape our understanding of the world but also ignite our
imagination.

This magazine is the culmination of the tireless efforts and dedication of the
students from the Mathematics Department, who have been expertly guided
and supported by our esteemed faculty members. Our objective through this
publication is to demonstrate that mathematics is far more than an abstract
notion confined to textbooks and classrooms; it is a dynamic and powerful
tool with countless practical applications. We, the student editors of
MATHZIN, extend our sincerest appreciation to all the students and
professors of our department for their invaluable contributions. We hope
you find this edition filled with captivating insights and astounding facts.
May the beauty of mathematics continue to inspire and enthrall us all!

Best Regards,
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E-volution -Saanway Dutta

The first appearance of e in mathematics was in the appendix to an edition of Jhon Napier’s book on logarithms,published
in 1618 .Where e was used as the base of logarithm which did not clarification to e.Later Bernouli discovered fun-
damental properties of e while studying compound interest .He noticed that the sequence approached a limit as the
compounding intervals became smaller ‘
In probing the properties contineous compound interset he had a limit po

1
lim (1 4+ =)
im ( —I—n)

n— o0

he also noticed that the limit of the above sequence lies between 2 and 3 . s

consider the under mentioned problem, 0 I 2 3
imagine a bank account has an initial deposit of RS 1.00 total paying 100 percent in interest annually. The value of
the account will be valued at RS 2.00 at the end of the year after the first interest has been credited. The question
in Bernoulli’s mind was what would happen if the interest given by the bank had been credited more frequently
throughout the following financial year?

Bernoulli calculated that if the interest had been credited twice in any specific year, the interest rate 50 percent for
a time period of 6 months. As a result, the RS 1 in the opening of the account is multiplied by 1.5 twice in a year,
giving the bank

1.00 x (1 + 3)? =2.25

If a similar situation was taken but now with the interest being compounded quarterly, it would yield
1.00 x (1 + GS=241T4.

Taking a scenario where the interest was compounded monthly would yield
1.00 x (14 15)'% = 2.613035.

If n compounding time frames and intervals are taken, the interest for each interval can be calculated by dividing 100
percent by n time frames which yields at the end of a financial year a total account valued at (1 + %) raised to n,
1.00x (14 )™

Later Leonhard Euler denote this constant as e. In 1784 Euler published introduction in Analysin infinitorum in
which he calculated e to 18 decimal places such that

2.7182818284590452353602874713527

He showed that e was the limit in Bernouli’s compound interset problem and that e could also be calculated from the
infinte series given bellow

1 1 1 1 1
e = +F+§+§+Z ........

The generalized exponential function e*



In Euler identity ,
€ = cosz +isinx

7 18 the square root of -1 .When x = wor2m,the formula yields an elegant expressions relating 7, e, ¢
" +1=0

Natur’e’

Another interesting property that e has is that if we put it in the polar coordinate system, we will observe a figure
known as ‘the Logarithmic Spiral

The Natural number in nature Patterns such as the logarithmic spiral can easily be observed in nature, from the
curvature of flowers and seashells to the spin of tornadoes and galaxies!

The equation of the equiangular spiral in polar cordinates is

r=ae

where a and k are constants and a > 0

e day

e-Day celebrates the mathematical constant e, which has a value of 2.7182818. It is celebrated on February 7 in coun-
tries that follow the month/day (m/d) date format. This is because the first two digits of the date —2/7— correspond
to the first two digits of the constant.
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History of Limits -Nandini Bose

The concept of limits has a rich and fascinating history that spans thousands of
years. Let's take a journey through time and explore the key milestones in the
development of limits:

Ancient Civilizations (500 BCE - 500 CE)

1. Zeno's Paradoxes (500 BCE): The ancient Greek philosopher Zeno posed
paradoxes that involved infinite sequences and limits, laying the groundwork
for future mathematicians.

2. Archimedes (287-212 BCE): Archimedes developed the method of exhaustion, a
precursor to integration, which relied on limits to calculate areas and
perimeters.

Medieval Period (500-1500 CE)

1. Indian Mathematicians (500-1200 CE): Mathematicians like Aryabhata,
Brahmagupta, and Bhaskara made significant contributions to the concept of
limits, including the use of infinite series.

2. Ibn Sina (Avicenna) (980-1037 CE): The Persian polymath Ibn Sina wrote about
the concept of limits in his book "The Book of Healing."

Renaissance and Enlightenment (1500-1800 CE)

1. Bonaventura Cavalieri (1598-1647 CE): The Italian mathematician Cavalieri
developed the method of indivisibles, which used limits to calculate volumes
and areas.

2. Johannes Kepler (1571-1630 CE): Kepler used limits to calculate the areas and
perimeters of shapes, laying the foundation for modern calculus.

3. Sir Isaac Newton (1642-1727 CE) and Gottfried Wilhelm Leibniz (1646-1716 CE):
Both Newton and Leibniz developed the concept of limits as part of their work
on calculus.

11



Modern Era (1800-present)

1. Augustin-Louis Cauchy (1789-1857 CE): Cauchy formalized the concept of
limits using epsilon-delta notation, providing a rigorous foundation for
calculus.

2. Karl Weierstrass (1815-1897 CE): Weierstrass further developed the theory of
limits, introducing the concept of uniform convergence.

3. Henri Lebesgue (1875-1941 CE): Lebesgue's work on measure theory and
integration relied heavily on the concept of limits.

The concept of limits has evolved over thousands of years, with contributions
from mathematicians and philosophers across various cultures and
civilizations. Today, limits remain a fundamental concept in mathematics,
underpinning calculus, analysis, and many other areas of mathematics.

12



An Introduction to
Bakhshali Manuscript -Soughata Deb

The Bakhshali manuscript, an antiquated Indian mathematical text inscribed
on over 70 birch bark folios, is remarkable for featuring a dot symbolizing the
concept of 'zero'. The manuscript's age has long fascinated scholars, with many
assuming it originated in the 9th century CE. However, researchers from the
University of Oxford and the Bodleian Libraries have conducted radiocarbon
dating, revealing that the manuscript actually dates back to between the 3rd
and-4th eenturies CE. This discovery establishes the Bakhshali manuscript as
the earliest known recorded source of the zero symbol used universally today.

The manuscript“is.a comprehensive treatise of mathematical principles and
illustrations, encompassing subjects such as arithmetic, algebra, geometry, and
measurement. It is composed in a variant of literary Sanskrit, infused with
regional dialectical influences, and employs numerals with a decimal system,
incorporating a dot netation for zero 1. Some distinguishing characteristics of
the manuscriptinclude:

SSMathematical methodologies: Solutions ‘to linear and quadratic equations,
arithmetic _and “geometric sequences, and - indeterminate -equations of the
second order.

- Zero notation: The manusecript utilizes._a»dot symbol to represent zero,
marking one of the earliest recorded instances of zero in Indian mathematical
traditions.

- Methodical approach: The manuscript adheres to a systematic methodology
for problem-solving, presenting statements of principles, illustrative examples,
and operational demonstrations.

13
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Inca’s Quipu: A Historical Wonder -Saswati Ghosh

The Inca Quipu! A fascinating and enigmatic ancient artifact that has captivated
historians, mathematicians, and archaeologists for centuries. Let's unravel the
mysteries of the Quipu:

# What is a Quipu?

A Quipu (khipu) is an ancient Inca device used for recording numerical data,
keeping track of time, and storing information. It consists of a primary cord
with multiple secondary cords, each with a specific number of knots.

# History of Quipu

The Quipu (khipu) is an ancient device used by the Incas to record numerical
data, keep track of time, and store information. The origins of the Quipu date
back to the time of the ancient Nazca culture (200 BCE - 600 CE). However, it
was during the Inca Empire (1438-1533 CE) that the Quipu became a widespread
and sophisticated tool.

# Construction of Quipu
A Quipu consists of:

1. Primary cord: A main cord made of cotton or wool, which serves as the base
of the Quipu.

2. Secondary cords: Multiple cords attached to the primary cord, each with a
specific number of knots.

3. Knots: Various types of knots, including simple knots, figure-eight knots, and
wrapped knots, which represent different numerical values.

# Types of Quipu

There are several types of Quipu:

1. Simple Quipu: Used for basic numerical record-keeping.

2. Calendar Quipu: Used to track time and record important dates.

3. Narrative Quipu: Used to record stories, myths, and legends.

4. Accounting Quipu: Used for administrative and economic record-keeping.

15



# Mathematical Significance of Quipu
Quipu demonstrate a sophisticated understanding of mathematics:

1. Base-10 system: Quipu use a base-10 system, with knots representing units,
tens, hundreds, and thousands.

2. Positional notation: The placement of knots on the secondary cords indicates
their value, similar to positional notation in modern mathematics.

3. Zero concept: The absence of a knot in a specific position may have
represented zero.

# Deciphering Quipu
Despite their importance, Quipu remain partially deciphered:

1. Limited understanding: The exact meaning and interpretation of Quipu are
still not fully understood.

2. Lack of written records: The Incas left no written records explaining the use
and meaning of Quipu.

3. Ongoing research: Scholars continue to study Quipu, using mathematical,
historical, and anthropological approaches.

# Examples of Quipu
Some notable examples of Quipu include:

1. The Puruchuco Quipu: Discovered in 1966, this Quipu is one of the most well-
preserved and extensively studied.

2. The Inca Quipu Museum: Located in Cusco, Peru, this museum houses a
collection of Quipu and offers insights into their construction and use.

# Preservation and Conservation of Quipu
Efforts are being made to preserve and conserve Quipu:

1. Museum collections: Many Quipu are housed in museums, where they are
protected and conserved.

2. Digital preservation: Digital images and 3D scans of Quipu are being created
to preserve their structure and content.

3. Community engagement: Local communities are being involved in the
preservation and conservation of Quipu, ensuring their cultural significance is
respected.

16



The Inca Quipu is an remarkable example of ancient ingenuity and

mathematical sophistication. Ongoing research and deciphering efforts will

hopefully uncover more secrets of this enigmatic device, providing a deeper

understanding of Inca culture and mathematics.
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MATHEMATICS IN DAILY LIFE
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Mathematics is a fundamental tool in space science,
enabling researchers to understand and analyze complex
phenomena in the universe. Mathematical concepts and
techniques are used to describe the motion of celestial
bodies, model the behavior of complex systems, and
analyze large datasets from space missions. From orbit
mechanics to cosmology, mathematics plays a crucial role

in advancing our knowledge of the universe.
-
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"/ ORBIT MECHANICS

Mathematics plays a crucial role in orbit mechanics, which

is the study of the motion of celestial objects and
spacecraft. Mathematical concepts such as Kepler's laws,
Newton's law of universal gravitation, and differential
equations are used to predict the orbits of objects in space.
Additionally, mathematical tools like numerical analysis
and computational methods are employed to simulate and
analyze orbital mechanics problems. By applying
mathematical concepts and techniques, space agencie?%
researchers can design and optimize spacecraft. .
trajectories, predict orbital paths, and ensure the success
of space missions. ) |



Mathematics is essential for navigation in space science,
enabling spacecraft to accurately determine their position,
velocity, and trajectory. Mathematical concepts such as
trigonometry, geometry, and calculus are used to calculate
navigation parameters like distance, speed, and direction.
Additionally, mathematical algorithms and techniques-lik
Kalman filtering and orbital mechanics are employed tq
process navigation data from sources like GPS, star "
trackers, and inertial measurement units. <
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Mathematics plays a vital role in designing and building
spacecraft. Mathematical concepts like algebra, geometry,
and calculus are used to optimize spacecraft shape, size,
and structure. Mathematicians and engineers employ
techniques like finite element analysis, computational fluid
dynamics, and optimization algorithms to ensure
spacecraft can withstand extreme temperatures, radiai’iqn,
and mechanical stress. iﬁﬁ
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Mathematical techniques like statistical analysis, signal
processing, and machine learning are used to analyze data
from telescopes and  space missions. Specifically,
mathematicians employ algorithms to identify patterns in
stellar light curves, radial velocity measurements, and
transit photometry, helping to confirm the presence of
exoplanets and determine their properties, such as \81ze,

mass, and orbit. iﬁr
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Mathematics plays a key role in space communication,
enabling reliable data transmission between spacecraft and
Earth. Mathematical concepts like information theory,
coding theory, and signal processing are used to develop
error-correcting codes, modulate signals, and optimize data
transmission protocols. Additionally, mathematicians
employ techniques like Fourier analysis and wal,glet
analysis to compress and reconstruct signals, ensu.ri"g%
efficient and accurate communication in space.
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~ GENERAL RELATIVITY

/ B

Mathematics is central to General Relativity, Albert
Einstein's theory of gravity. Mathematical concepts like
differential geometry, tensor analysis, and Riemannian
geometry are used to describe curved spacetime,
gravitational fields, and the motion of massive objects. The
Einstein Field Equations, a set of 10 nonlinear partial
differential equations, form the mathematical coré- of
General Relativity. iﬁﬁ
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The Mathematics of Privacy: A Dive into SMPC
Protocols and its Real World Applications

Sohan Das

In today’s world, privacy and security have become paramount, especially when dealing with
sensitive information. Secure Multi-party Computation (SMPC) offers a novel cryptographic
approach to achieving collective computations without revealing individual data.

Let’s explore this fascinating concept through some simple scenarios as follows :

1. Salary Sharing Without Compromising Privacy :

Consider three mutually distrusting colleagues, Alice, Bob, and Jenny, each possessing
confidential data—in this case, their salaries. They wish to compute the average of their
salaries. However, none of them is willing to disclose their individual salary amount to
others. How can they achieve the average salary while maintaining their privacy? The
answer lies in SMPC, which enables secure data sharing and computation.

Parties / Salaries Shares Generation Shares
Entities (Confidential) Distribution
Alice Sal, = 40K A, = 30K,A, = 25K, A3 = —15K | D, = (A; + B, +]5)
Bob Saly = 50K B, = 12K,B, = —7K,B; = 45K | Dy = (B; + J, + 43)
Jenny Sal; = 60K J1 =15K,J, =55K,J3 = —10K | D; = (J; + A, + B3)

Generate Shares:

Each individual generates random shares of their salary that sum up to their actual
salary. For example, Alice’s salary, denoted as Sal,, is 40K . She generates her three
shares of her salary as follows:

A, « rand(.),A, <« rand(.) and A; = (Saly —A; — A,)
Bob and Jenny generate their salary shares in the similar way.

Distribute Shares:

The generated shares are distributed among the entities such that no single party has all
the shares of any individual. Each entity computes their distributed shares as shown in
the above table.

28
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Saly
Dy

e the average function using their distributed shares.
J=fxyz) =(x+y+2)/3

aly, Salp, Sal;) = (40K + 50K + 60K)/3 = 50K

(Da, Dy, D)) = (13K + 52K + 85K)/3 = 50K

= randomness and distribution of the shares. Each

sed. By leveraging cryptographic protocols, the

can infer any other’s salary from the distributed shares.
demonstrates the core principle of SMPC.
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2. Shamir’s Secret Sharing (SSS)!

Consider that a nuclear arsenal has a secret launch code. The launch code needs to be
secured to prevent unauthorised access, ensuring availability when required. Shamir
Secret Sharing can be utilised in this situation; the launch code will be split into shares,
and these shares will be distributed among n high-ranking officials. Only a predefined
threshold , ¢ number of officials can reconstruct the code, no fewer authorities than the
threshold t can access it.

Shamir's secret sharing is an ideal and perfect (t, n)-threshold scheme based on
polynomial interpolation over finite fields. (t, n)-threshold secret sharing scheme means,
it's a scheme where n shares are generated from the secret value in such a way that
any collection of t number or less than that of shareholders should not learn anything
about the secret, whereas t + 1 or more than that number of shareholders have a
mechanism to recreate the secret uniquely.

Construction

Let (F,+,.) be afinite field and |[F| > n. Let's consider s € F be the secret value.
Construct a polynomial f € F[X]: f(x) = ag+a;x + a x*> +....+ a, x¢
,Where a; « randg(.), Vi €{1,...,n},ayp =s € F,and obviouslyt < n.

f(x)

finy) 3
(%4} f(xg) f{}(j\.l f (deg=1)

1 https://dl.acm.org/doi/pdf/10.1145/359168.359176
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Generate and Distribute the Shares

Compute D; = (x;, f(x;)),s.t.x;(# 0) € F Vi € {1,2,....,n}, and distribute those shares
to n parties in a secure way. So the i*" party P; has the share D; = (x;, f(x;)), Vi €
{1,2,....,n}.

Verification

To verify that the secret value s(= a0) can be reconstructed if and only if t + 1 or more
parties provide their shares, we rely on Lagrange Interpolation Theorem over the
finite field.

Reconstruction Using Lagrange Interpolation

If t + 1 or more shares D; = (x; , f(x;)) are provided, the polynomial f(x) of degree t can
be uniquely determined, and the constant term a,, which is the secret s , can be
recovered as follows :

The formula for Lagrange interpolation is:
fl) = Xk fx)Li(x) ,where Lj(x) = [Tiz<mst+1,m=j3 (X — Xm)/ (%) — %) , in F.
To recover ay (= s), evaluate f(0) = 5’;(1, f(x)L;(0) .

Note: For the above calculation, the first t + 1 shares D; Vi € {1,2,...,t + 1}are
considered for reconstruction. However, the process will work for any collection of t + 1
or more shares, regardless of their order or selection, as long as the shares are distinct
and valid.

Security measurement with Fewer than t + 1 Shares

If fewer than t + 1 shares are available, there are infinitely many polynomials of degree t
that pass through the given points. As a result, no information about the secret s (= a;)
can be inferred. This property ensures the security of the scheme.

Conclusion

The secret s can only be reconstructed if at least t + 1 shares are provided, ensuring
both the correctness of reconstruction and the security of the secret.
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Fermat’s Last Theorem :

A History of 300 Years

-Dipanjana Maity
UG: Maulana Azad College (2019-22)

It was 1963 and a ten years old boy Andrew Wiles loved to solve mathematical problems. One day,
returning from school, Andrew visited a local library and found a book 7he Last problem’by Eric
Temple Bell. There were so many problems in Mathematics, but the simplicity of Fermat’s Last
Theorem attracted Wiles to think about it.

From Pythagoras’ Theorem to Fermat’s Last Theorem:

We all read the famous Pythagoras’s Theorem in our childhood, which says that
“In a right-angled triangle, the square of the hypotenuse is equal to the sum of the squares of the
other two sides".

y z ie, x4+ y2=12%2---(%

The obvious integer solution of (*) is x=3, y=4, z=5. Now, Pythagoreans found many other triples
(5,12,13),(99,4900,4901) etc. But as the right triangle becomes larger, finding integer solutions of
(*) become tougher. However, Euclid proved that there are infinite number of integer solution of
-

Andrew knew about the Pythagoras’s Theorem and Pythagoreans’ Triples from the book 7The Last
problem;, then he saw the equation x® + y" = z", n > 2, and knew about the conjecture that ‘it has
no integer solution’. Then he read how over 300 years, many mathematicians had tried to prove
this theorem or tried to disprove it and failed. From this library of Milton road, ten years old
Andrew dreamed and after 30 years, he proved it, surprising the mathematicians of whole world.

Pierre de Fermat, A Great Mathematician:

In seventeenth century, Mathematics was not a highly regarded subject as today. Pierre de
Fermat was a councilor at the chamber of petitions in France. At a time Fermat was very much
affected by the book ‘Arithmetica’by Diophantus, which contains more than one hundred problems
and solutions were also given by Diophantus. It was our fortune that there were little margins in
each page of Arithmetica. Fermat wrote his comments, logics in there and those marginal notes
changed the history of mathematics.

One of Fermat’'s discoveries is related to ‘Friendly Numbers’ or ‘Amicable Numbers’. Amicable
Numbers are pair of numbers such that each number is the sum of the proper divisors of the other
number. Pythagoreans first discovered the Amicable Numbers 220 and 284. After that, at 1636,
Fermat discovered the second tuple of Friendly number, 17296 and 18416. He also noticed that 26
is a number between 25 and 27 where 25 is a square and 27 is a cube. Then he proved that 26 is the
unique number between a square and a cube.

At the time of reading the Book Il of Arithmtica, Fermat looked about the Pythagoras’ theorem,
Pythagoreans’ triples and so many problems about that. At 1637, changing the power from 2 to 3
and more than 3, he wrote at the margin of the book, after problem VIII :
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cubum autem in duos cubos, aut quadratoquadratum in duos quadratoquadratos,et generaliter nullam in
infinitum ultra quadratum potestatem in duos eiusdem nominis fas est dividere cuius rei demonstrationem
mirabilem sane detexi hanc marginis exiguitas non caperet.

It is impossible to separate a cube into two cubes, or a fourth power into two fourth powers, or in general, any
power higher than the second, into two like powers. | have a truly marvelous proof of this, which this margin is
too narrow to contain.

Another important work of Fermat is related to prime numbers. Fermat said that every prime
number of the form 4n+1 can be written as sum of two squares and prime numbers of the form 4n-
1 can never be written in this way.[| We know that all prime numbers (except 2) are of the form 4n
+ 1]. For example, 13 = 3 X 4 + 1 = 22 + 32, Later Euler proved this theorem by infinite descent
method at 1749.

All the theorems and observations given by Fermat were proved one by one, But the last one was
: There is no integer solution of the equation x™ + y" = z",n > 2; that's why it is called Fermats
Last Theorem.

Towards the proof of The Fermat’s Last Theorem:

Fermat described a sketch of proof of the theorem for n = 4 elsewhere in the book of
Arithmetica. Mathematician Euler tried to prove the theorem inspiring by the sketch of proof given
by Fermat. Euler used the concept of imaginary numbersand gave a prove of the theorem for n = 3.
But the proof Euler gave for n = 3 was found to be incomplete and it also can’t be generalized for
arbitrary n. But Euler’s work to prove the theorem was obviously a great development of
Mathematics.

If Fermat’s Last Theorem could be proved for all primes, then proof was done for any arbitrary n.
So, Mathematicians tried to prove the theorem only for prime numbers.

Mathematician Marie-Sophie Germain tried to prove the theorem for a special type of primes.Her
work to prove the theorem is a great contribution to mathematics. In 1847, Gabriel Lameé sketched a
proof of the Fermat’s last Theorem by complex numbers, cyclotomic field on nth roots of unity . But
the gap of his proof was pointed out by Joseph Liouville, who read a paper of Ernst Kummer, which
described the failure of unique factorization of complex numbers.

In the mid of 19t century, Ernst Kummer proved the Fermat’s last Theorem for all Regular primes.
Regular prime was defined by Kummer in 1850. An odd prime number p is called regular if it does
not divide the class number of the pth cyclotomic field Q($,), where &, is the primitive pth roots of
unity. The class number of the cyclotomic field is the number of ideals of the ring Z(¢,) up to
equivalence. Two ideals L] are said to be equivalent if there is a non zero u in Q(¢,) such that I=u]J.
Kummer successfully filled the lack of unique factorization using cyclotomic field and developing
the concept of Ideal numbers.

In 1931 and onwards, Godel’s Incompleteness Theorem and Cohen’s work confused
mathematicians that, 'Is Fermat’'s Last Theorem provable or unprovable!’

Godel’s First Incompleteness Theorem says that “/f a formal system F (Axiomatic set theory) is
consistent, There are statements of the language of F, which can neither be proved nor disproved
in F’ . Ans his Second Incompleteness Theorem says that “ 7he consistency of a formal system F can
never be provable’.
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Andrew Wiles and his effort:

Let’s come to the story of Andrew Wiles. In 1975, the PhD guide John
Coates introduced Wiles to elliptic curves and the recent works done by
mathematicians on it. Elliptic curve is not related to ellipse, it is a plane curve with

equation of the form y? = x3 + ax + b,a,b € R.

The proof of ‘The elliptic curve y? = x3 — 2 has only one integer solution’ was done

by Fermat, when he proved that 26 is the only integer sandwiched between a square
and a cube. The elliptic curve

y2=x3 -2
In 1954-55, Japanese mathematicians Goro Shimura and Yutaka Taniyama discovered that there
may be a link between elliptic curves and modular forms, two completely different area of

Taniyama-Shimura Conjecture: Elliptic curve over Qcan be obtained via a Rational map with integer
coefficient from the classical modular curve X,(N), for some integer N.

mathematics, which is known as Taniyama - Shimura Conjecture.

Then in 1984-85, Mathematicians Frey, Serre and Ribet showed that ‘if the Taniyama-Shimura
Conjecture could be proven for at least the semi-stable class of elliptic curves, a proof of Fermat’s
last theorem would follow automatically. i.e, any solution which could contradict Fermat’s Last
Theorem, can also be used to contradict Taniyama-Shimura Conjecture’.

Knowing about this invention, Andrew wiles found a path to prove the theorem. He tried to prove
that 7aniyama-Shimura Conjecture is true, using the work of Galdis about the Galdis group. Finally
Wiles successfully proved the first step. Later inspired by Kolvagin-Flach’s work, Wiles tried to
complete the proof. He used hard algebraic geometry and number theory to complete the proof.
After seven years of invincible efforts of Wiles, on 21st June, 1993, at Isaac Newton Institute, there
was a workshop on mathematics and the title of Wiles’ lecture was ‘Modular forms, Elliptic curves
and Galois representation’. On 2314 June, the third day of his lecture, mathematicians realized what
would happen finally. Andrew Wiles completed the proof and wrote the statement of the Fermat’s
Last Theorem and said, ‘I think I'll stop here’ and the 300 years old unsolved mystery was finally
solved. At 2016, Andrew Wiles was awarded by the Abel Prize.

Pierre de Fermat
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