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Abstract-- This paper explores the application of
Ramanujan's number theory, particularly his work on mock
theta functions, to cosmology. We discuss how Ramanujan's
mathematical insights have contributed to our understanding
of black holes, the early universe, and the holographic
principle. Specifically, we examine the use of mock theta
functions in studying black hole entropy, AdS/CFT
correspondence, and string theory. Our analysis reveals the
significance of Ramanujan's work in cosmology and
highlights the ongoing research in this area. The paper
concludes by discussing potential avenues for future research
and the impact of Ramanujan's theory on our understanding
of the universe.
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I. INTRODUCTION

Srinivasa Ramanujan, a renowned Indian mathematician,
made significant contributions to number theory, leaving a
lasting impact on mathematics and physics. His work on
mock theta functions, highly composite numbers, and
partition functions has found applications in various fields,
including cosmology. This paper explores the application
of Ramanujan's number theory to cosmology, focusing on
black holes, the early universe, and the holographic
principle.

Ramanujan's mock theta functions, introduced in the
early 20th century, were initially considered a
mathematical curiosity. However, recent research has
revealed their significance in understanding black hole
entropy, AdS/CFT correspondence, and string theory.
These functions have been used to study the partition
functions of strings in string theory, providing insights into
the early universe.

This paper aims to provide an overview of Ramanujan's
number theory and its applications to cosmology. We will
discuss the mathematical framework of mock theta
functions and their role in understanding black hole
microstates, the early universe, and the holographic
principle. The paper concludes by highlighting the
significance of Ramanujan's work in cosmology and
potential avenues for future research.
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Il. ORGANIZATION OF THE PAPER

The paper is organized as follows: Section 2 provides an
overview of Ramanujan's number theory, focusing on mock
theta functions. Section 3 discusses the application of mock
theta functions to black hole entropy and AdS/CFT
correspondence. Section 4 explores the role of mock theta
functions in string theory and the early universe. Section 5
concludes the paper, highlighting the significance of
Ramanujan's work in cosmology.

Overview of Ramanujan’s Number Theory: Focus on Mock
Theta function

Indian Mathematician Srinivas Ramanujan (1887- 1920)
known for ground breaking contribution to number theory,
Infinitseries and molecular forms. Colla borated with G.H.
hardy . He worked on partitions’ molecular equations ,
Continued fractions and Mock theta function.

Mock theta function says that

A class of q — series (function of q = e?™") with
molecular like behaviour but not quite molecular forms.
One of Ramanujan Mock Theta function is

OVERVIEW OF MOCK THETA FUNCTION
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It’s importance is in Black hole entropy string theory

and Ads/CFT correspondence. The Mock Theta function
_ q q*

M@=1* 505 + Torare?

It’s behaviour grows exponentially as @ - 1 but not
quite molecular.

Mock theta function in Black hole Entropy & Ads/CFT
correspondence.

Here is Bekenstein- Hawkings formulae. Sgy = %G
N

And Intropy « horizon area (A)

Also string theory solution as strominger — Vafa — 1996
and count BPS states Supersystematic black holes in string
theory
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Ramanujan’s f(q) appears in fourier coefficients of
partation funedons which mieroscopic count as molecular
behaviour Mock theta function en code quantum
correction to black hole entropy Ad/s/CFT Holomorphic
duals of mock modular forms explain microstates

Explore the role of mock theta function in string theory and
rarely universe:

String theory unifies gravity and quantums mechanics.

Its application are counting states in CFT mock from
capture degeneracies & wade’s conjectur. Mock forms
indexes BPS sfhtes in N = Z string compatifications.
Consider N= 4 Black hole Type Il on K; x T? Entropy =

1/ Q%P2 + (mock correction) why wall crossing Dy — D, -
Dy branes Black hole on Type Il A

n(r) = (mock form) + (holomorphic anomoly)

IV. DISCUSSION

The application of Ramanujan's number theory,
particularly mock theta functions, to cosmology has
revealed intriguing connections between mathematics and
physics. The use of mock theta functions in studying black
hole entropy, AdS/CFT correspondence, and string theory
has provided new insights into the behavior of black holes
and the early universe.

Black Hole Microstates: Mock theta functions have been
used to study the entropy of black holes, which is a
measure of the number of microstates in a black hole. This
has led to a deeper understanding of black hole physics and
the holographic principle.

Early Universe: The application of mock theta functions to
string theory has provided insights into the behavior of
strings in the early universe, shedding light on the
universe's evolution.

Holographic Principle: The AdS/CFT correspondence,
which relates gravity to conformal field theory, has been a
key area of research in cosmology. Mock theta functions
have played a significant role in understanding this
correspondence.

The significance of Ramanujan's work in cosmology lies
in its ability to provide new mathematical tools for
understanding complex physical phenomena. The
connection between number theory and cosmology has
opened up new avenues for research, highlighting the
importance  of interdisciplinary ~ approaches  to
understanding the universe.
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V. REVIEW

The application of Ramanujan's number theory,
particularly mock theta functions, to cosmology has been a
fruitful area of research. The use of these mathematical
tools has provided new insights into black hole physics, the
early universe, and the holographic principle.

Strengths:

i. Provides a new perspective on black hole entropy and
the holographic principle.
ii. Offers insights into the behavior of strings in the early
universe.
iii. Highlights the connection between number theory and
cosmology.

Opportunities:

Further research could lead to a deeper understanding of
the universe's evolution.

The development of new mathematical tools could
provide new insights into cosmological .

VI. CONCLUSION

The application of Ramanujan's number theory,
particularly mock theta functions, to cosmology has
revealed intriguing connections between mathematics and
physics. The use of these mathematical tools has provided
new insights into black hole physics, the early universe,
and the holographic principle.

In conclusion, Ramanujan's work has had a profound
impact on our understanding of the universe, and its
applications to cosmology continue to be an active area of
research. The connection between number theory and
cosmology has opened up new avenues for research,
highlighting the importance of interdisciplinary approaches
to understanding the universe.
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