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ABSTRACT 

Ramanujan’s Partition theory belongs to the fascinating world of number theory, which is a 

branch of mathematics focused on the properties and behavior of numbers. In particular, 

partition theory looks at how a number can be broken down into a sum of positive whole 

numbers in different ways. For example, the number 3 can be written as 3, or as 2+1, or as 

1+1+1. Each of these ways is called a “partition” of the number 3. 

This idea may seem simple at first, but it leads to very deep and beautiful mathematics. The 

study of partitions goes back a long time, with early contributions from famous 

mathematicians like Leonhard Euler in the 18th century, who discovered important patterns 

and created special formulas, called generating functions, to help count how many partitions 

exist for any number.   

However, it was in the early 20th century that partition theory took a rapid development, 

thanks to the brilliant Indian mathematician Srinivasa Ramanujan. Working together with the 

British mathematician G. H. Hardy, Ramanujan made some extraordinary discoveries about 

how partition numbers grow as the numbers get bigger. One of their greatest achievements 

was finding an asymptotic formula for the partition function, denoted as P(n). This formula 

gives a very good estimate for how many partitions there are of a large number n, even 

without calculating every single possibility. This result was creative because it provided a 

deep insight into the behavior of numbers and opened the door for even more research in the 

area. 

Ramanujan also found remarkable patterns and special properties related to partitions. Today, 

Ramanujan’s work on partition theory is considered one of the great treasures of 

mathematics. His ideas continue to inspire modern research and have found connections to 

other fields like algebra, geometry, and even physics, especially in areas like statistical 



mechanics and string theory. Partition theory, thanks to Ramanujan and others, remains a 

vibrant and exciting area of study where simple questions can lead to profound discoveries. 

Ramanujan’s contributions transformed partition theory from a topic of curiosity into a 

central area of mathematical research, showing how something as basic as adding numbers 

together can uncover amazing patterns and truths about the mathematical universe. 
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1. INTRODUCTION 

Srinivasa Ramanujan is widely regarded as one of the greatest minds in the 

history of mathematics .His exceptional contributions in pure mathematics 

made him as famous and respected as other great mathematicians like Gauss, 

Galois, Abel, Euler, Fermat, Jacobi, and Riemann. Many consider his 

discoveries, especially in number theory, to be truly remarkable and unique . 

Even while he was still alive, people spoke of him as a living legend, with a 

creative and brilliant mind. Ramanujan was born on December 22, 1887, in a 

Brahmin Hindu family in a place called Erode, which is close to the town of 

Kumbakonam in South India. From a very young age, it was clear that he was 

very sharp in Mathematics and Science, apart from him no one else in his  

family had ever shown any interest in Mathematics earlier. When Ramanujan 

was seven years old, he began his high school in Kumbakonam and studied 

there till the age of sixteen. From early on, his teachers and everyone around 

him saw that he was a very bright student. His extraordinary ability in studies 

began to show even before he was ten years old. By the age of twelve or 

thirteen, he was already recognized by the people in his area as one of the 

brightest young student. Throughout his whole life, Ramanujan stayed 

brilliant, and his main interest and talent were focused completely on 

mathematics. He loved numbers and solving mathematical problems more 

than anything else. Like the famous scientist Albert Einstein, Ramanujan  
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became fascinated by a simple textbook called “A Synopsis of Elementary 

Results in Pure and Applied Mathematics”. This book was written by a man 

named George Shoobridge Carr. Reading this book made a huge impact on 

Ramanujan. It gave him many ideas and inspired him to start working out his 

own mathematical discoveries. In fact, knowing and studying this book was 

the true starting point of Ramanujan’s amazing journey in mathematics. His 

work went on to astonish mathematicians all over the world. He left behind 

many formulas and theorems that mathematicians are still studying and 

exploring today. His life story inspires people everywhere, proving that even 

someone from a humble background can reach great heights through talent, 

hard work, and love for learning. In 1903, Srinivasa Ramanujan successfully 

cleared the Matriculation Examination from the University of Madras. After 

that, in 1904, he joined the Government College at Kumbakonam. He got a 

scholarship called the Subrahmanyan Scholarship, given to students who 

show excellent perfomance in Mathematics and English. While he was in 

college, Ramanujan spent nearly all his time studying only mathematics. He 

loved math so much that he neglected his other subjects. Because of this, he 

failed to pass into the senior class, which make him lost his scholarship. He 

felt deeply disappointed and left the college without finishing his studies. In 

1906, he enrolled at Pachaiyappa’s College in Madras and began preparing for 

the F.A. Examination (similar to the intermediate exam). He appeared for this 

exam as a private student in December 1907, but unfortunately, he failed 
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again. Even though he felt sad about failing, he never stopped studying 

mathematics on his own and continued making new mathematical discoveries. 

Ramanujan had published his first mathematical paper in the Journal of the 

Indian Mathematical Society in the December 1911 issue (Volume 3). In 

1912, he published two more papers in Volume 4 of the same journal. One of 

Ramanujan’s teachers and friends, Mr. Seshu Aiyar, advised him to share his 

mathematical discoveries with famous mathematicians abroad. So, on January 

13, 1913, Ramanujan wrote a letter to the renowned British mathematician 

G.H. Hardy, who was then a member of Trinity College, Cambridge. In this 

letter, Ramanujan included many of his mathematical works, which include 

approximately 120 theorems. When Hardy received the letter and the 

mathematical results, he showed them to another famous mathematician, J.E. 

Littlewood. At first, Hardy felt a bit doubtful, but soon he became very 

impressed, especially by Ramanujan’s extraordinary results on continued 

fractions. Eventually, Hardy decided that he should bring Ramanujan to 

Cambridge so that they could work together on mathematical research. 

Ramanujan felt happy to receive Hardy’s invitation to come to Cambridge. 

Through continued letters and discussions, Ramanujan’s talent came to the 

attention  of the University of Madras. The university quickly decided to give 

Ramanujan a special scholarship for two years so that he could continue his 

research without worrying about money. On May 1,1913, Ramanujan 

resigned from his job at the Madras Port Trust. He then joined as a research 
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fellow at the University of Madras, receiving a small scholarship to support 

himself. He stayed in that position until he left for Cambridge on March 17, 

1914. Between the years 1903 and 1914, Ramanujan devoted himself almost 

completely to his study of mathematics. He wrote down many of his 

discoveries in his personal notebooks. Before he even went to Cambridge, he 

had authored and released  five research papers, all in the Journal of the 

Indian Mathematical Society. When Ramanujan finally arrived in Cambridge 

in 1914, he began working closely with Hardy and Littlewood. They spent the 

years from 1914 to 1919 working together on numerous  mathematical 

challenges, perticularly the one those that Ramanujan himself had thought 

about and for which he had proposed solutions or new ideas. Ramanujan’s 

journey during these years shows his incredible passion and talent for 

mathematics. Even though he faced many struggles—financial difficulties, 

health issues, and cultural barriers—he kept working hard and contributed 

greatly to the field of pure mathematics. His discoveries remain important and 

continue to inspire mathematicians around the World even today.Ramanujan 

was able to learn and discover a lot of new mathematics because he worked 

closely with two great mathematicians, especially G.H. Hardy. Working with 

them taught him how to prove things carefully and correctly. But even when 

some of Ramanujan’s own results, proofs, or ideas turned out to be wrong or 

mistaken, he was never upset or discouraged. He loved mathematics so much 

that he kept working joyfully, always fascinated by numbers, formulas, and 
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theorems. It was during his time in Cambridge, England, that Ramanujan’s 

brilliant talent truly flourished. He gained worldwide recognition for being a 

remarkable mathematician. He wrote thirty-two mathematical papers in total, 

and out of these seven papers were coauthored with Hardy. Many of his most 

important works were produced during the years from 1914 to 1919, which 

was a very productive period for him. In these years, he worked on many 

topics in mathematics, such as the theory of how numbers can be split into 

parts (called the partition of numbers), the Rogers-Ramanujan identities, 

hypergeometric functions, continued fractions, and how numbers can be 

written as sums of squares. He also worked on his own special functions, like 

Ramanujan’s Y-function, and other topics like elliptic functions and q-series. 

Sadly, in May 1917, Hardy informed the University of Madras through a letter 

saying that Ramanujan was suffering from a very serious illness, possibly 

tuberculosis, which was thought to be incurable in those days. Hardy 

explained that Ramanujan needed to stay longer in England to get proper 

medical treatment. Even while he was sick and lying in bed, Ramanujan never 

stopped doing mathematics. He kept working and discovering new things, 

showing how much he loved his subject. It wasn’t until late in 1918 that he 

began to show some improvement of feeling better. On February 28, 1918, 

Ramanujan was chosen as Fellow of the Royal Society, one of the greatest 

honors a scientist or mathematician can receive, and at that point he was just 

thirty years old. He made history as the first Indian to be selected for this 
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honor on the very first attempt. Before him, only a few brilliant scientists like 

Niels Bohr had been elected so quickly. Later that year, on October 13, 1918, 

he was later appointed as a Fellow of Trinity College at Cambridge 

University. He was given a fellowship worth 250 pounds per year for the next 

six years, which was a big honor and also provided financial support. When 

Hardy shared the news of Ramanujan’s election to Trinity College, he wrote a 

letter to the Registrar of Madras University. In the letter, he said that when 

Ramanujan returned to India, he would have a scientific reputation and 

standing like no other Indian before him. Hardy also said that he was 

confident India would treasure Ramanujan as a national asset. He requested 

that the University of Madras arrange some permanent support for Ramanujan 

so he could focus on research without having to worry about other duties. The 

University of Madras responded quickly and generously. They granted 

Ramanujan an award of 250 pounds a year for five years starting from April 

1, 1919, without giving him any teaching work or responsibilities, so he could 

concentrate fully on mathematics. The University also agreed to pay all his 

travel expenses for returning to India from England. He departed from 

England on February 27, 1919, and reached Bombay on March 17, 1919. He 

grew weaker, and on April 29, 1920, he passed away at the young age of 32 in 

a place called Chatpata, a suburb of Madras. His death was a great loss to the 

world of mathematics and to everyone who knew and loved him. Even though 

Ramanujan’s life was short, his mathematical discoveries have lived on, 



7 
 

inspiring mathematicians across the globe. People remember him not only for 

his brilliant mind but also for his love and passion for mathematics, which he 

continued to pursue even through great suffering.Just three months before he 

died, Ramanujan sent his final letter to his friend and collaborator, G.H. 

Hardy, on January 12, 1920. In this letter, Ramanujan shared that he had 

recently discovered some very interesting new mathematical functions, which 

he decided to call “Mock Theta functions.” He explained that these new 

functions were different from another kind of functions called “False Theta 

functions,” which Professor Rogers had already explored in a significant 

research paper. Ramanujan said that, unlike the False Theta functions, his 

Mock Theta functions fit beautifully into mathematics, just like the usual 

Theta functions that mathematicians already knew about and used in many 

areas of research. Along with his letter, Ramanujan sent Hardy some 

examples of these new functions to show what he had discovered. 

Ramanujan’s last letter was quite alike to the first letter he had sent to Hardy 

back in January 1913.Similar to his first letter, which was full of new ideas 

and surprising mathematical results, his last letter was also packed with many 

exciting thoughts and findings. He shared new results related to topics like q-

series, elliptic functions, and modular functions. These are significant 

branches of advanced mathematics that deal with very deep and beautiful 

patterns in numbers and functions. After Ramanujan’s death, many 

mathematicians continued to study the fascinating ideas he left behind. One of 
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these mathematicians was G.N. Watson, who wanted to owner and 

acknowledge  Ramanujan’s genius and the impact he made in mathematics. In 

1935, Watson chose to talk about the contents of Ramanujan’s final letter to 

Hardy, along with five pages of his handwritten notes about the fuctions 

known as Mock Theta functions, for his key note speech delivered at the 

London Mathematical Society. Watson’s address was called “The Final 

Problem: A study on of the Mock Theta Functions.” In his talk, which was 

later published in 1936, Watson carefully explained the results that 

Ramanujan had written down and also shared some of his own work that he 

had done to understand these mysterious new functions. Watson went into 

quite a bit of detail about what Ramanujan had discovered and the way these 

finding contribute to the broader field of mathematics. As he concluded his 

speech, Watson made some touching and powerful remarks. He said that 

Ramanujan’s finding of the Mock Theta functions strongly indicated that even 

though Ramanujan was very sick and being in the final stage of his life, his 

amazing mathematical skills and creativity never left him. Watson believed 

that the Mock Theta functions were just as impressive and significant as 

Ramanujan’s earlier discoveries. He said that these new functions alone were 

enough to ensure that Ramanujan’s name would always be remembered in the 

world of mathematics. He also said that for future mathematicians and 

students, Ramanujan’s discoveries would always be a source of joy and 

inspiration. Thanks to Ramanujan, the research in elliptic and modular 
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functions advanced was significant during the 20th century. Many later 

developments in these areas were built on the ideas and results that 

Ramanujan had discovered. His contributions became an important part of 

modern mathematics, showing just how brilliant and far ahead of his time he 

truly was. Even though he passed away so young, Ramanujan’s work 

continued to influence and inspire mathematicians all over the world. His 

Mock Theta functions, in particular, have remained a fascinating and rich 

subject of study, proving that his genius shone brightly right up to the very 

end of his life. [III] 

1.1 Ramanujan’s – HARDY’s theory of partition: 

One of the most impressive examples of Ramanujan’s creativity and remarkable 

impact on mathematics is his work on the theory of number partitions. The 

study of partitions stands as a major achievement of the collaboration between 

Ramanujan and Hardy. Ramanujan was particularly interested in the partition 

function, denoted as P(n), which counts the number of different ways a positive 

integer n can be expressed as a sum of positive integers. Suppose we have a 

number, say n, and we want to write it as a sum of smaller whole numbers, 

where each of those numbers is positive. For example: 
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 The number 1 can only be written in one way: 

   1 = 1 

So, p(1) = 1 

 The number 2 can be written in two ways: 

2 = 2 

2 = 1 + 1 

So, p(2) = 2 

 The number 3 can be written in three ways: 

3 = 3 

3 = 2 + 1 

3 = 1 + 1 + 1 

So, p(3) = 3 

 The number 4 can be written in five ways: 

4 = 4 

4 = 3 + 1 

4 = 2 + 2 

4 = 2 + 1 + 1 
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4 = 1 + 1 + 1 + 1 

So, p(4) = 5 

 The number 5 has seven partitions, and the number 6 has eleven 

partitions. 

We also define that there’s one partition of zero, which is simply having no 

numbers at all. So, p(0) = 1. 

Let’s look closely at p(6), the number of ways to write the number 6 as a sum of 

positive integers. Here are all its possible partitions: 

6 = 6 

6 = 5 + 1 

6 = 4 + 2 

6 = 4 + 1 + 1 

6 = 3 + 3 

6 = 3 + 2 + 1 

6 = 3 + 1 + 1 + 1 

6 = 2 + 2 + 2 

6 = 2 + 2 + 1 + 1 
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6 = 2 + 1 + 1 + 1 + 1 

6 = 1 + 1 + 1 + 1 + 1 + 1 

Counting these, we find 11 partitions, so p(6) = 11 and so on. 

 Ramanujan and Hardy, the partition function p(n) has been deeply explored, 

and we even have very good formulas and approximations for calculating it, 

especially for very large numbers. One of the significant tools mathematicians 

use to study partitions is something called a generating function.It may seem a 

bit intimidating at first, but it’s basically a clever way of packing lots of 

information into a single mathematical formula. 

For the partition function p(n) (sometimes written as P(n)), the generating 

function is written like this: 




 1 1

1

n
nx

 

This looks complicated, so let’s explain it step by step. 

 The big Π symbol (capital Greek letter Pi) means we multiply many 

things together. 

 We multiply one term for every positive number n, starting from n = 1 

and going on forever. 
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 The term  
nx1

1  is a fraction where the denominator has the expression

nx1 . 

When we multiply out all those fractions (which involves an infinite number of 

multiplications and expansions), we get a long series: 

 432 )4()3()2()1(1 xpxpxpxp  

Each term in this series tells us how many ways there are to partition the 

number corresponding to the exponent of x. For example, the number next to 3x  

tells us how many partitions there are of 3. So, the generating function is like a 

“storehouse” containing all the answers for p(n), hidden inside its infinite 

product form. 

Apart from equations and series, mathematicians also use pictures to understand 

partitions. One useful picture is called a Ferrers diagram. 

Suppose we have the partition of 20 as 7+4+4+3+1+1. We can draw this 

partition like this: 

 Draw 7 dots in the first row. 

 Draw 4 dot in the second and third row. 

 Draw 3 dots in the fourth row. 

 Draw 1 dots in the fifth and sixth row. 

So it looks like: 
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      ●    ●   ●   ●   ●   ●   ● 

      ●    ●   ●   ●   

       ●    ●   ●   ●    

       ●    ●    ●    

       ● 

       ● 

Each row represents a part in the partition. This makes it easy to see the shape 

of a partition and compare different partitions visually. Ferrers diagrams are 

very helpful because they make it easier to spot patterns. They also help in 

proving mathematical statements about partitions. 

From Ferrers diagrams, mathematicians developed more complex objects called 

Young tableaux. These are special ways of filling the dots (or boxes) in Ferrers 

diagrams with numbers, following certain rules. It turns out that Young tableaux 

are extremely important in advanced areas of mathematics, such as: 

 Representation theory of symmetric groups, which studies how different 

ways of permuting objects can be represented using matrices. 

 Symmetric functions, which are mathematical functions that remain 

unchanged if you swap around their variables. 

So, even though the idea of writing numbers as sums of smaller numbers sounds 

simple, the subject of partition theory is incredibly rich. It leads into many 

beautiful areas of mathematics, connects different branches of science, and 
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reveals hidden patterns in numbers that fascinated great mathematicians like 

Ramanujan. In short, partition theory is a perfect example of how something 

that begins as simple counting can grow into a field full of profound ideas and 

powerful connections across all of mathematics.[II], [III] 
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2. Literature Review 

             Kumar and Jha in their work “A study on partition theory” gives an 

in-depth review on Partition theory. Partition theorystudies the various ways a 

number can be written as the sum of positive integers, known as partitions. 

This area has a rich history with key contributions from famous 

mathematicians like Leonhard Euler and Srinivasa Ramanujan.  A central 

concept in this field is the partition function P(n), which counts how many 

unique partitions a number n has. Tools such as generating functions, Ferrers 

diagrams, and Young tableaux help in understanding and analyzing these 

partitions.  Some major achievements in partition theory include the Rogers- 

Ramanujan’s identities and the Hardy – Ramanujan formula for estimating 

partition numbers, both of which have deep implications in areas like 

combinatorics, representation theory and mathematics theory. Today, partition 

theory remains highly relevant, playing a role in advanced topics like modular 

forms, q-series and statistical mechanics. Despite its age, it continues to grow, 

with researchers still uncovering new identities and connections to other areas 

of mathematics.[II] 

                     This paper explores the mathematical concept of partitions of a 

number n, tracing its historical development and presenting various forms and 

representations. It begins by referencing Leonhard Euler's foundational work on  
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the function that generates values for P(n), representing how many number n 

can be partitioned, followed by contributions from Srinivasa Ramanujan, who 

discovered unique properties of these partitions. The study also revisits the 

symbolic classification of partition types as explained by Barnard and Child in 

1981. It includes a discussion on linear Diophantine equations and their 

connection to partition counts, as noted by E.Grosswald in 1952. The paper 

presents two theorems: one proven under specific constraints and another, 

related to the convergence of generating functions, using simplified 

calculations. Lastly, it highlights Norman Macleod Ferrers' graphical visual 

depictions, elaborating on conjugate and self-conjugate partitions with 

illustrative examples.[I]  

This tribute remembers Srinivasa Ramanujan both as a great mathematician and 

as a person. It shares a short story of his life, his work, and his amazing talent in 

mathematics. One example of his brilliant ideas is his work on how numbers 

can be split into parts, called the theory of partitions, which is also useful in 

studying things like statistical mechanics.  [III] 

                The Partition theory has fascinated many great mathematicians since 

the 18th century. In 1742, Leonhard Euler discovered a function used to 

calculate the values of P(n), the Partition function, that determine in how many 

ways a number n can be expressed as a sum of positive whole numbers. Later, 

the mathematician G.H. Hardy remarked that Srinivasa Ramanujan stood out as 
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unique in finding remarkable new properties about P(n).In 1981, S. Barnard and 

J.M. Child described the different categories of partition of a number n using 

symbolic notation. This paper also explains these different kinds of partitions 

with symbolic examples. As noted by E. Grosswald in 1952, he pointed out 

certain solutions to specific linear Diophantine equation, which leads to 

counting the number of partitions of n, as each distinct solution represents a 

unique partition. Back in 1853, the British mathematician Norman Macleod 

Ferrers illustrated partitions visually using arrays of dots, known as Ferrers 

diagrams. This paper describes how partitions, their conjugates, and self-

conjugate partitions can be represented graphically, with examples to help 

explain the concepts. [IV] 
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3.Preliminaries 

Definition 3.1. )(nP : The function P(n),known as , the partition function, tells 

us how many different ways  we can break down a natural number  and into 

sums of smaller natural numbers, without considering the order of the numbers.  

By  definition, we have P(0) = 1,and for negative values of  n, the function is 

defined as P(n) = 0.[I] 

 The famous Indian mathematician Srinivasa Ramanujan was likely the first to 

deeply explore and study the partition function and its mathematical properties.  

As of June 2013, the largest known prime number for which the partition value 

has been calculated is P(120052058), and it contains 12,198  digits, showing 

how large and complex partition numbers can become.  

Ramanujan, along with the British Mathematician G.H. Hardy, discovered a 

remarkable  approximation formula in 1917 to estimate the value of P(n). 

The formula they derived is; 

   nasn
n

nP 3/2exp
34

1
)( 

 

This formula helps estimate partition values for very large n without calculating 

all exact partitions. 
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Definition 3.2. )(nPm : The function Pm(n) represents the number of ways to 

divide n into smaller numbers , with each part being  no more than m. In other 

words , it counts how many partitions of n exist where none of the parts are 

larger than m. Pm(n).The number of partitions of n having only the numbers 1 

and 2 as parts is denoted by P2 (n). An example of such partitions are shown 

below: 

n Types of partitions P2 (n) 

1 1 1 

2 2, 1+1 2 

3 2+1, 1+1+1+1 2 

4  2+2, 2+1+1, 1+1+1+1 3 

The value of P2(n) for n = 1,2,3,4. 

The equation P2 (n) can be expressed as; 

 4
2

3
2

2
22 )4()3()2()1(1 xPxPxPxP  

 432 .3.2.2.11 xxxx  

    422 11 xxxx  

  211

1

xx 
  

n

n

xnP





1

2 )(1  
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Another way to define P2(n) is as follows: 

P2(n) represents the number of ways to divide the number n into two or fewer 

parts, and it can be written as follows: 

n Types of partitions P2 (n) 

1 1 1 

2 2, 1+1 2 

3 3, 2+1 2 

4 4, 3+1, 2+2 3 

The value of P2(n) for n = 1,2,3,4. 

The equation P2 (n) can be expressed as; 

 4
2

3
2

2
22 )4()3()2()1(1 xPxPxPxP  

 432 .3.2.2.11 xxxx  

    422 11 xxxx  

  211

1

xx 
  

n

n

xnP





1

2 )(1  
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n Types of partitions P3 (n) 

1 1 1 

2 2, 1+1 2 

3 3, 2+1, 1+1+1 3 

4 3+1,  2+2,  2+1+1, 

1+1+1+1 

4 

The value of P3 (n) for n = 1,2,3,4. 

In other words, P2(n) represents the count of ways to partition n using only parts 

that are 1 or 2. Similarly, P3(n) stands for the number of partitions of n where 

only the numbers 1, 2 and 3 are used as parts. The table below illustrates some 

examples of such partitions. 

The equation P3 (n) can be expressed as; 

 4
3

3
3

2
33 )4()3()2()1(1 xPxPxPxP  

 432 .4.3.2.11 xxxx  

   32 111

1

xxx 
  

n

n

xnP





1

3 )(1
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Another way to define P3(n) is as follows: 

 The number of ways to partition n into no more than two parts is  denoted by 

P3n) and can be represented as follows: 

n Types of partitions P3 (n) 

1 1 1 

2 2, 1+1 2 

3 3, 2+1, 1+1+1 3 

4 4, 3+1, 2+2, 2+1+1 4 

The value of P3(n) for n = 1,2,3,4. 

The equation P3(n) can be expressed as; 

 4
3

3
3

2
33 )4()3()2()1(1 xPxPxPxP  

 432 .4.3.2.11 xxxx  

     63422 111 xxxxxx  

   32 111

1

xxx 
  

n

n

xnP





1

3 )(1
 

Thus, P3(n) represents the total number of ways to break down n into smaller 

numbers where each parts is either 1,2,or 3- that is, no part is greater than 3. 
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More broadly, Pm (n) denotes the number of partition of n using only  numbers  

that are less than or equal to m. Hence, 

     mxxxx 


1111

1
32   

n

n
m xnP






1

)(1
 

Definition 3.3. )(0 nP : The count of partitions of n using only odd numbers as 

parts is considered here. A few examples of these partitions are provided below, 

n Types of partitions )(0 nP  

1 1 1 

2 1+1 1 

3 3, 1+1+1 2 

4 3+1, 1+1+1+1 2 

The value of )(0 nP  for n = 1,2,3,4. 

The equation )(0 nP  can be expressed as; 

 4030200 )4()3()2()1(1 xPxPxPxP  

 432 .2.2.1.11 xxxx  

   53 111

1

xxx 
   n

n

xnP





1

0 )(1
.
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Definition 3.4. )(nP d : The number of ways to partition a number n using 

distinct parts-where each number appears only once-is represented by )(nP d is 

also written as Q (n,*,*) , where the asterisk ‘*’ indicates that there are no 

specific restrictions on the number or type of the parts. 

Some examples of such distinct partitions are shown below.  

n Types of partitions )(nP d  

1 1 1 

2 2 1 

3 3, 2+1 2 

4 4, 3+1 2 

The value of )(nP d  for n = 1,2,3,4. 

The equation )(nP d can be expressed as; 

 432 )4()3()2()1(1 xPxPxPxP dddd
 

 432 ..2..2..1..11 xxxx  

   32 111 xxx   

 





1

1
n

nx  

n

n

d xnP





1

)(1  
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4. DIAGRAMMATIC REPRESENTATION 
OF PARTITIONS 

There are two widely used visual methods for representing number partitions : 

 i) Ferrers diagrams are named after Norman Macleod Ferrers, and  

ii) Young diagrams are named in honor of the British mathematician Alfred 

Young.[I] 

4.1. Ferrers Diagram 

Partitions of a number n can be shown graphically. In 1853, Norman Macleod 

Ferrers introduced a clever way of representing partitions which he shared with 

James Joseph Sylvester. This idea led to the creation of partition graphs, later 

formally published J. J. Sylvester.  

In this diagrams, each partition of n is displayed as a grid or pattern of dots or 

nodes. One of the most eligant  tools for studying partiotions is the Ferrers 

diagram. 

When the rows and columns of a Ferrers diagrams are interchanged, the resuil is 

known as the conjugate of the original partition.  

Let say a number n is expressed as a sum of parts: raaan  21 , with the 

condition that raaa  21  and so on. Then the graph of the partition is the 
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array of points having 1a  points in the top row, 2a  in the next row, and so on 

down to ra  in the bottom row, 

●  ●  ●  ●  ●  ●  ● 

●  ●  ●  ●  ● 

●  ●  ●  ● 

●  ●  ● 

● 

Thus, 7+5+4+3+1 = 20. 

4.2. Conjugate Partitions: 

Two partitions are considered conjugates if one can be obtained from the other 

by swapping its rows and columns in the graphical form.  

            ●   ●   ●   ●  

             ●   ●  

             ●   ●     

For example, looking at the columns of the given dot diagram results in the 

partition 4+3+1. On the other hand, looking at the rows of the same diagram 

gives the partition 4+2+2. By switching rows and columns, one form turns into 

the other. 

 ●    ●    ●    ●    to    ●     ●    ●    ●  

 ●    ●                        ●     ●    ●  

 ●    ●                        ●                        

Partition that are related in this way are known as conjugate partition. 
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4.3. Self-Conjugate Partitions: 

A partition is said to be  self-conjugate if swapping its rows and columns does 

not change it i.e, it looks exactly the same after the transformation. 

Thus     ●    ●    ●  is a self-conjugate partition  

             ●    ●    ●  

             ●    ●    ●  

 

i.e.,   ●  ●  ●  

         ●  ●  ●  

         ●  ●  ●  

this partition adds upto 9, and its has no different conjugate - it is its own 
conjugate. 

4.4. Young Diagram: 

Young diagrams introduced by the British mathematician Alfred Young, have 

proven to be extreamly helpful in areas such as symmetric function analysis and 

group representation theory. When the boxes in this diagrams are filled with 

numbers that follow certain rules, they form structures known as Young 

tableaux, which are important both combinatorially and in theoritical  

representation studies (Andrews 1976).  

Rather than using dots, in Ferrers diagram, a Young diagram represents 

partition using squares or boxes. For example the Young diagram for the 

partition 5 + 4 + 1 is shown using rows of boxes. 



The Ferrers diagram of the same partition is

● ● ● ● ●  

● ● ● ●  

●  

it use dots arranged in similar rows. Young dia

rows of equal sized squares, they are of 

shape formed by joining equal squares side by side
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of the same partition is; 

it use dots arranged in similar rows. Young diagrams are made by connecting 

rows of equal sized squares, they are of  special kind of polyomino (a geometri

shape formed by joining equal squares side by side). 

grams are made by connecting 

(a geometric 
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5. Implementation of partition in 
different branches 

5.1. Algebra: 

In algebra, partition theory is also very useful. It helps us understand and work 

with certain mathematical structures. For example, in the theory of symmetric 

functions, partitions are used to explain how these functions are built and 

organized. 

One important type of symmetric function is called the Schur function, and 

partitions help describe how these functions behave. 

Partitions also play a big role in studying symmetric groups, which are groups 

made up of all the ways to rearrange (or permute) a set of objects. Using 

partitions, mathematicians can better understand the different ways these groups 

can be represented or modeled using algebra. 

In simple words, partition theory helps break down and organize complicated 

algebraic ideas into simpler parts using the concept of dividing numbers into 

smaller parts.[IV] 

5.2. Mathematical Physics: 

Statistical Mechanics: In statistical mechanics, scientists use something called 

a partition function to study how systems behave when they are balanced and 
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not changing overall (in equilibrium). The partition function adds up all the 

different ways a system’s particles can be arranged, giving more importance 

(weight) to arrangements with lower energy. This helps calculate important 

things like free energy, entropy (which tells us about disorder), and pressure. 

Quantum Field Theory (QFT): In quantum field theory, partition functions 

are also important. Here, they add up all the possible ways fields (which 

describe particles and forces) can exist in a quantum system. Studying these 

sums helps scientists understand how particles and fundamental forces work at 

the tiniest scales in nature.[IV] 

5.3. Computer Science: 

In computer science, partition problems are very common when designing 

algorithms and studying how complex or difficult problems are. 

Algorithm Design and Complexity: A partition problem often comes up when 

we want to divide a set of numbers into two groups that have the same total 

sum. This problem is part of something called combinatorial optimization, 

which means trying to find the best way to arrange or choose items out of many 

possibilities. 

For example, imagine you have a group of tasks, each taking different amounts 

of time, and you want to give them to two workers so that both have roughly the 

same total workload. Or think of storing files in two storage devices, trying to 
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keep the total size balanced between them. These situations are real-life 

examples of partition problems. 

This idea of partitioning is useful in many areas, like: 

 Load balancing, where we try to share work evenly across different 

computers or machines so no single one is overloaded. 

 Memory allocation, where we divide available memory among programs 

in an efficient way. 

 Resource distribution, where we split resources, like money or storage 

space, fairly between different needs or users. 

Partition problems help create fair and efficient solutions in these areas, but 

they can be quite difficult to solve perfectly, especially when the numbers 

involved are large or complicated. 

Data Compression: 

Partitioning is also important in data compression, which is the process of 

making data smaller so it takes up less space or can be sent faster over the 

internet. 

In data compression, we often need to split data into smaller pieces, called 

chunks or segments. This makes it easier to handle, process, or compress 

because working with smaller parts is simpler than dealing with one big piece of 

data. For example, when compressing a video, the video might be divided into 
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small frames or scenes so that each part can be compressed separately. This 

allows the compression method to focus on repeating patterns or similarities 

within smaller chunks, leading to better compression results. 

Partitioning helps ensure the compressed data is efficient and can be quickly 

accessed, decoded, or reconstructed when needed. Without partitioning, 

compression algorithms might be too slow or produce files that are too big or 

difficult to manage.[IV] 

5.4. Economics and Game theory: 

Resource Allocation: 

In economics and game theory, partition theory is used to understand how to 

divide things like money, goods, or other resources among different people or 

groups. Think of a partition as a way to split something into several parts. For 

example, if you have $100 and three people, partition theory helps describe all 

the different ways you could divide that $100 among them. Maybe one person  

gets $40, another gets $30, and the third gets $30—or there could be many other 

combinations. Economists and game theorists study these partitions to figure 

out which divisions are fair, efficient, or beneficial for everyone involved. 

Shapley Value and Cooperative Games: 

Partition theory also connects to cooperative game theory, which is a part of 

game theory that looks at situations where people or players can work together 



34 
 

in groups to achieve better results than they would alone. In these games, 

players often form coalitions, or groups, and then need to decide how to share 

the total reward or benefit that the group earns. 

The Shapley value is a concept used in these cooperative games. It’s a 

mathematical method that helps decide how much each person in the group 

should get, based on how much they contributed to the group’s overall success. 

For instance, if one player brings a lot of value to the group, the Shapley value 

ensures they get a fairer, bigger share. Partition theory helps explain how 

different groups or coalitions can be formed and how the benefits should be 

divided in a way that’s fair and makes everyone feel valued.[IV] 

5.5. Partitions in Coding Thory: 

In coding theory, we often need to spot mistakes in data or fix errors when 

information gets damaged during transmission. One way to help with this is to  

split the message into separate groups of bits, like dividing it into small chunks. 

By doing this, it’s easier to check each chunk for errors. If something goes 

wrong, we can often tell where the mistake happened or even recover the 

missing or wrong data. Partitioning the message makes the whole process of 

finding and fixing errors more organized and reliable.[IV] 
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5.6. Mathematical Finance: 

Portfolio Theory: Partition theory helps in deciding how to split your money 

among different types of investments like stocks, bonds, or other assets. The 

goal is to earn a good return while keeping risk at a level you’re comfortable 

with. Finding the best way to divide your money into these parts is called 

portfolio optimization. 

Risk Management: Partitioning is also useful for managing financial risks. It 

lets analysts break down big, complex risks into smaller, separate parts. Each 

part shows a different kind of risk, making it easier to understand and control 

the overall risk exposure.[IV] 

5.7. Biology: 

Partition theory is very helpful in biology because it lets scientists divide a 

population into different groups or stages. For example, they might separate 

animals into young and adult groups, or people into healthy, sick, and recovered 

groups.By doing this, scientists can better understand how populations grow, 

change over time, or how diseases spread. In epidemiology, it helps predict how 

many people might get sick or recover during an outbreak.Overall, partition 

theory makes it easier to study and explain complicated things in biology by 

breaking them into smaller, clearer parts.[IV] 
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5.8. Graph Theory: 

Graph Coloring and Partitioning: In graph theory, partition theory helps in 

dividing the graph’s points (called vertices) into separate groups. These groups 

follow certain rules, like no two connected points being in the same group. This 

is useful in coloring problems, where each group might get a different color, 

and in finding special structures like cliques (where every point is connected to 

every other) or independent sets (where no points are connected). 

Graph Isomorphism: Partitions also help in comparing graphs to see if they 

are basically the same, just drawn differently. By grouping parts of a graph that 

have similar roles or patterns, we can simplify the structure and check if two 

graphs are isomorphic (meaning they have the same shape or structure).[IV] 

5.9. Chemical Equilibrium: 

Chemical equilibrium is a state in a chemical reaction where the amounts of  

reactants and products stop changing with time. It doesn’t mean the reaction 

stops completely—it just means that the forward and backward reactions are 

happening at the same rate, so the overall amounts stay constant. 

Now, to figure out how much of each chemical substance is present at 

equilibrium, scientists use something called the partition function from 

statistical mechanics.[IV] 
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5.10.Statistical Mechanics: 

In statistical mechanics, the partition function (related to partition theory) is 

used to describe the possible states of a system and their probabilities. This is 

crucial for understanding the behavior of materials, especially in 

thermodynamics and heat transfer applications.[IV] 
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6. Conclusion and Future scope 

In this study, we focused on understanding Ramanujan’s Partition Theory and 

how it connects to the wider field of mathematical research. We have seen that 

this area of study is very rich and full of possibilities. It has both practical and 

theoretical sides, involving combinatorial ideas (ways of counting and arranging 

things) as well as more abstract mathematical concepts. Because of this, many 

mathematicians are interested in working in this field, and there is still a lot of 

room for new discoveries and developments. 

One exciting part of partition theory is that it can be used to find new 

mathematical identities and congruences by exploring different ways of splitting 

numbers into sums. This can lead to fresh insights not just in pure mathematics 

but also in many applied areas. 

So far, it has become clear that partition theory has an important and respected 

place in many branches of research. It has helped researchers build new models, 

discover patterns, and develop techniques that have greatly advanced 

knowledge in different fields. For example, in physics, we can use partition 

theory to explain the behavior of particles and energy levels.  However, in  

biology, it can help to study how populations are divided into groups or stages. 

Economics also uses partition ideas to analyze resources and distributions. And 
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in algebra, partition theory plays a role in understanding complex structures and 

equations. 

In the future, we can expect partition theory to continue growing and 

contributing to new areas. With advances in technology and computing power, 

researchers will be able to explore even more complex problems and find 

deeper connections between partition theory and other fields. It is clear that the 

work in this area is far from over and holds great promise for future discoveries 

that could impact both theoretical mathematics and practical applications across 

science and engineering. 

Overall, Ramanujan’s Partition Theory makes its way to fascinate and inspire 

mathematicians and scientists all over the world. 
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