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Abstract Keywords

This study integrates cosmological models with interpretations — CoSTology, religiastexts
from religious texts to offer a comprehensive view of the universe's ~ universe expansian; Friedenn
expansion and contraction. Using the Friedmann equations, we  equations dark energy
model the universe's evolution under three curvature conditions:

open (k = -1), flat (k = 0), and closed (k = 1). The analysis reveals JBIRCU

an accelerated expansion consistent with modern observations,

supporting a continuously growing universe, particularly in the

case of flat and open models. Additionally, religious texts from

Islam, Christianity, Hinduism, and Judaism are explored for

symbolic parallels to these cosmological ideas. Verses such as

Surah Adh-Dhariyat (51:47), which describes the heavens'

expansion, are linked to the Big Bang theory. Genesis 1:3 (“Let

there be light”) is metaphorically tied to the universe’s origin,

while the cyclical creation and destruction in Bhagavad Gita (9:7)

mirrors the closed universe model’s expansion-contraction

dynamics. This interdisciplinary approach highlights the

compatibility between ancient religious beliefs and modern

cosmological theories, emphasizing creation and the potential for

renewal or destruction. The study fosters a dialogue between

science and spirituality, offering deeper insights into the universe's

past, present, and future. Though current data favors an

expanding universe, the philosophical implications of a possible

contraction, supported by religious symbolism, remain a

compelling theoretical possibility. This empirical analysis and

theological perspectives bridge the gap between faith and science,

encouraging further exploration of these interconnected views.

I. Introduction

The origins, development, and ultimate destiny of the cosmos have been the focus of
religious and scientific research. The theories of inflation and contraction in contemporary
cosmology explain the universe's explosive post-Big Bang expansion and the potential for
its ultimate collapse. Similarly, eschatological predictions and creation myths in many
religious scriptures frequently serve as metaphors for these cosmic processes. For
centuries, scientific hypotheses and religious narratives have coexisted as opposing,
sometimes contradictory frameworks for comprehending the cosmos. However, new
developments in cosmology and increasing interdisciplinary discussion present a chance to
investigate the intriguing interactions between these two fields.

This study explores the connection between creation and end-of-time stories in major
global religions and contemporary cosmological theories of the universe, such as inflation
and contraction. It aims to enhance scholarly and public comprehension of intellectual and
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spiritual traditions to perceive the universe. Examining these links a link between science
and religion and a call to think about more general existential issues about the meaning of
life, the end of the universe, and purpose.

Modern cosmology, especially since the formulation of the Big Bang theory, has
revolutionized humanity’s understanding of the universe. The inflationary model, first
proposed by Alan Guth in 1981, suggests that the universe underwent a rapid, exponential
expansion immediately following the Big Bang (Guth, 1981). This inflationary phase
accounts for several observed characteristics of the cosmos, such as its large-scale
homogeneity and the near-flat geometry of spacetime. The continued expansion of the
universe, driven by dark energy, raises further questions about its future and whether the
universe will expand indefinitely or eventually contract in a "Big Crunch™ (Weinberg,
2008).

Rich cosmic narratives have also been provided by religious texts from many
cultures. According to Islamic belief, the Qur'an states that God created and enlarged the
earth and sky (Qur'an, 51:47). In a similar vein, the Book of Revelation predicts an end of
the world (Revelation 21:1; Genesis 1:1) while the Book of Genesis describes how the
world was created by divine command. In contrast, Hindu cosmology is based on the idea
that the cosmos is created and destroyed in cycles that are similar to how cosmic cycles are
discussed in science (Eliade, 1954). These religious systems provide spiritual and ethical
teachings about life and the divine order to metaphysical explanations of the cosmos.

Given the parallels between cosmology and religious narratives, the interplay
between these two perspectives merits closer examination. Both address key existential
questions: How did the universe come into existence? What is its ultimate fate? While
scientific models rely on empirical evidence and theoretical physics, religious cosmologies
are grounded in revelation, mythology, and spiritual belief. The synthesis of these
perspectives can offer a holistic view that speaks to academic inquiry and the broader
human quest for meaning.

Even though there is a lot of discussion about the universe's beginnings and
development in both the scientific and religious sectors, little is known about how these
two schools of thought interact. Theologians and other religious experts view creation and
eschatology from a spiritual standpoint, whereas cosmologists frequently concentrate only
on empirical data. A thorough investigation of contemporary cosmological models that
relate to and occasionally overlap with religious cosmologies is required.

The issue is the seeming separation of religion and science, especially the universe's
beginnings and destiny. Religious stories offer spiritual and symbolic interpretations,
whereas scientific cosmology proposes a logical, mathematical foundation for
comprehending the universe's expansion and possible shrinkage. This gap has resulted in
lost chances for interdisciplinary discussion when a shared comprehension of cosmic
cycles could be advantageous to audiences for academic and non-academic. Furthermore,
as both disciplines deal with existential and purpose-related issues, bringing these
viewpoints together could improve the general public's comprehension of scientific
theories and religious worldviews.

The general objective of this study is to explore the relationship between modern
cosmological theories, particularly those of inflation and contraction, and religious
narratives of creation and eschatology.

The specific Objectives of this study are

a. Toanalyze modern cosmological models of inflation and contraction.
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b. To examine the creation narratives and eschatological themes in major world
religions, including Islam, Christianity, Hinduism, and others.

c. To identify parallels between scientific cosmology and religious cosmologies.

d. To examine how the amalgamation of these viewpoints can yield a holistic
understanding of the universe’s origin and fate.

e. To assess the significance of interdisciplinary dialogue between science and
religion in addressing existential questions about the universe.

This study is important for both public and scholarly audiences. It offers theologians
and cosmologists an integrative framework that unites religious and scientific ideas. While
giving theologians a chance to interact with scientific cosmology, it also challenges
cosmologists to think about the philosophical and spiritual aspects. The study fosters a
conversation that advances both disciplines in the process.

For the general public, this study offers accessible insights into complex
cosmological theories and shows how they resonate with familiar religious narratives. As
such, it aims to make cosmology more relatable and to demystify the relationship between
science and spirituality. Furthermore, it invites a broader discussion about the nature of
existence, the origins of the universe, and its ultimate destiny questions that have
preoccupied humanity for millennia.

This study employs an interdisciplinary approach, integrating religious textual
analysis with theoretical cosmology. The methodology is divided into two key sections: (1)
a review of sacred texts from major world religions that discuss the creation and end of the
universe, and (2) a theoretical exploration of cosmological models that describe the
universe's expansion and potential contraction, incorporating mathematical formulations.

The first part of the methodology involves a qualitative review of creation and
eschatological narratives from the holy books of major religious traditions, including
Islam, Christianity, Hinduism, and Judaism. The primary texts selected for this review
include the Qur’an, the Bible (Old and New Testaments), and the Bhagavad Gita. The
method involves identifying key verses or passages that discuss the origin of the universe,
its expansion, and its ultimate fate.

The selection of texts is based on how well they relate to the concepts of cosmic
creation and destruction. For Islam, particular attention is given to verses from the Qur'an
that reference cosmic expansion, such as Surah Adh-Dhariyat (51:47), which states, "We
are its expander" (Qur'an, 51:47). In Christianity, both the Old Testament’s creation
narrative (Genesis 1:1) and the New Testament’s eschatology (Revelation 21:1) are
analyzed. The Bhagavad Gita's description of Hindu cosmology provides a cyclical
perspective on creation and destruction similar to contemporary cosmological ideas
(Bhagavad Gita, 9:7).

Examining religious narratives in their historical and cultural context is known as
exegesis, or critical interpretation, and is the process used to analyze these writings.
Examining the commentary provided by religious academics who have provided
interpretations of these cosmological texts is part of this. For instance, Qur'anic cosmology
has been interpreted by Islamic thinkers like Al-Ghazali and Ibn al-Arabi in ways that align
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with philosophical notions of time and space (Kalin, 2010). Similarly, the Big Bang theory
resonates with Christian theologians such as Augustine, who considered creation a divine
act ex nihilo (out of nothing) (McGrath, 2001).

The objective is to identify patterns, metaphors, and imagery in the religious texts that
can be correlated with scientific ideas of inflation and contraction. Through this
comparative analysis, the study aims to uncover how religious cosmologies resonate with
or differ from modern scientific models.

The analytical framework used in this section draws on hermeneutics, the art of
interpreting religious texts, and comparative theology. This study compares numerous
religious cosmologies to identify commonalities and areas where scientific and spiritual
conceptions of the cosmos differ.

The second section of the methodology focuses on the theoretical cosmological
models that describe the expansion and possible contraction of the universe. This involves
mathematical modeling of two key concepts: the inflationary model and the Big Crunch
scenario.

The inflationary model of the universe is based on the idea that, in the first fraction of
a second after the Big Bang, the universe underwent a period of exponential expansion.
This theory resolves several problems in standard cosmology, such as the horizon and
flatness problems (Guth, 1981). The expansion of the universe is described by the
Friedmann equations, which are derived from Einstein’s field equations of general
relativity. The first Friedmann equation is given by:

@y B k
G =%,z (1)

where G is the gravitational constant, a(t) is the universe's scale factor, and d(t) is its
rate of change (expansion rate). g is the universe's density of matter, and k is its curvature,
which can be either -1, 0, or +1 depending on whether the universe is open, flat, or closed.

To account for dark energy, represented by the cosmological constant A, the equation

is modified as:
i gn k

2 A
Q) =%r+i-z )

According to Weinberg (2008), this formulation explains the universe's continuous
expansion, with the cosmological constant A accounting for the rapid expansion caused by

dark energy.

The possible future contraction of the universe is the "Big Crunch,” which is modeled
using similar principles but assumes that the expansion will reverse. This can happen in a
closed universe (where k = +1) if the matter density exceeds a critical value. The scale
factor a(t) in this scenario will reach a maximum and then begin to decrease.

The same Friedmann equations determine the rate of contraction, but the cosmos is
decreasing because d(t) has negative values. The scale factor's second derivative, which
controls how quickly or slowly expansion occurs, is as follows:

=T (o+3p)+7 3)

i

where p is the universe's pressure. When it comes to contraction, the dynamics of
collapse are greatly influenced by the pressure p (Weinberg, 2008).
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This study investigates how the expansion and contraction of the universe might be
framed within scientific and religious narratives using these mathematical models. The
paper illustrates how contemporary cosmology models may explain past, present, and
future history by applying the Friedmann equations to actual cosmological data, such as
studies of cosmic background radiation and supernova redshifts. The results of this
theoretical modeling are compared with the metaphors and descriptions found in religious
texts to explore how science and spirituality approach the concept of cosmic cycles.

The results of the mathematical modeling using the Friedmann equations demonstrate
the dynamic nature of the universe's expansion. The scale factor a(t), which represents the
size of the universe relative to its current size, shows a significant increase over time,
indicating an expanding universe. Additionally, the insertion of the cosmological constant
A, which accounts for dark energy, reveals that expansion over time is consistent with
observational cosmology (Weinberg, 2008).

This scientific model of the universe’s expansion aligns, in a symbolic sense, with
many religious perspectives that discuss the creation, sustenance, and potential end of the
universe. Believers have interpreted passages in sacred texts, such as the Bible, Torah, and
the Qur'an, to describe a created and evolving universe. For example, in Islamic
cosmology, numerous references in the Qur'an can be interpreted as describing the
expansion.

The verse from Surah Adh-Dhariyat (51:47) states:

"And the heaven, we constructed it with strength, and indeed, we are [its] expander"
(Sahih International, 2011); (Yusuf, 1997).

This verse is often interpreted in Islamic teachings to refer to the creation of the
universe and its continuous expansion. The term "heaven" in this context is understood to
refer to the universe or the vast expanse of space that encompasses all celestial bodies. The
phrase "constructed it with strength™ reflects the might and power of God in creating the
universe. The most notable part of the verse is the phrase, "Indeed, we are [its] expander,”
which has been interpreted by modern scholars as an indication of the universe's
continuous expansion.

The expression "We are [its] expander™ has garnered attention lately since it is similar
to the expanding universe theory, a fundamental notion in contemporary cosmology.
Edwin Hubble and other astronomers found that galaxies in the early 20th century were
moving away from us, indicating that the universe was expanding. As a result, the Big
Bang theory which holds that the universe started as a single point and has been expanding
ever since became widely accepted (Hubble, 1929).

Numerous Islamic scholars have noted that this phrase from the Quran seems to
support current scientific findings. This verse is especially intriguing for believers and
scholars who view it as a possible sign of divine understanding because the concept of an
expanding world was not well accepted or suggested the Quran was revealed (7th century
CE). As evidenced by observable data like redshift measurements of distant galaxies, the
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universe's continuous expansion is now a basic component of cosmological models
(Hawking, 1988).

From a theological perspective, the verse emphasizes God's omnipotence and control
over the universe. The construction of the heavens "with strength™ underscores God's
ability to create and sustain the universe and expanding the heavens demonstrates His
continuous involvement in the universe's growth. This expansion could also be interpreted
as a metaphor for God's capacity to extend His creation and blessing, reflecting the Quran's
consistent portrayal of God's ongoing involvement in the world (Nasr, 2003).

Islamic scholars have traditionally understood this verse as emphasizing God's
creative power. For instance, classical interpretations, such as those by Al-Tabari and Ibn
Kathir, explain the "expanding" as God's mastery over the heavens and His ability to
encompass and sustain all of creation (Ibn Kathir, 1999). However, modern scholars, with
knowledge of contemporary cosmology, have reinterpreted this as a reference to the
physical expansion of the universe.

Islamic scholars who undertake Quranic interpretation (tafsir) have several
explanations for this verse depending on the period and level of knowledge. For centuries,
the main periodate emphasized God's power and creative might in their interpretations of
this verse, which were primarily metaphoric or spiritual. Al-Tabari, a scholar from the 10th
century, highlighted the sky's symbolic power to divine creation (Al-Tabari, 1989).

Scholars like Maurice Bucaille (1976) and Harun Yahya (2002) have recently
proposed that this verse might represent an instance of scientific foreknowledge in the
Quran. Bucaille claims that verse can be interpreted as alluding to the expansion consistent
with recent astrophysical discoveries. Although these interpretations are not widely
accepted, they have gained popularity among those who seek to reconcile Islamic
teachings with contemporary science.

This theme of creation and expansion is echoed in other parts of the Quran. For
instance, in Surah Al-Anbiya (21:30), the Quran mentions that the heavens and the earth
were once a joined entity before God "split them apart." This verse is often linked to the
Big Bang theory, which describes the universe originating from a singular, dense point
before expanding (PerImutter et al., 1999).

God speaks to the earth and sky in their primordial form in Surah Fussilat (41:11),
telling them to unite. These verses suggest a coherent narrative of the universe's creation,
expansion, and evolution in the Quran when contrasted with Surah Adh-Dhariyat (51:47).
The Quran consistently depicts the universe as dynamic and governed by God's
unwavering will.

In contemporary Islamic thought, the verse from Surah Adh-Dhariyat has gained
renewed interest as part of the broader discourse on the relationship between religion and
science. Muslim thinkers who engage with modern scientific knowledge often point to
verses like this as evidence that the Quran contains knowledge that anticipates modern
discoveries (Nasr, 2003). The expanding universe theory is one of the more prominent
examples used in discussions of scientific miracles in the Quran.

While some critics argue that reading modern scientific concepts into ancient
religious texts can lead to misinterpretations, others see this as an opportunity to bridge the
gap between faith and reason. For many Muslims, this verse serves as a reminder of the
Quran’s depth and capacity to remain relevant in light of new knowledge.
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The verse from Surah Adh-Dhariyat (51:47) reflects God's omnipotence in creating
and expanding the universe, a concept that has theological, philosophical, and scientific
implications. The notion of the universe's expansion is particularly compelling in light of
modern cosmological discoveries. While classical interpretations focused on the symbolic
aspects of divine strength, modern readings see parallels with contemporary astrophysical
findings, illustrating the Quran's profound and timeless nature.

Similarly, Christian theology includes references to the creation of the universe in the
Book of Genesis, where the phrase “Let there be light” (Genesis 1:3, New International
Version) could be metaphorically linked to the Big Bang the moment when the universe
came into existence. Some theologians argue that this indicates an evolving universe, as
described by modern physics. In the Book of Isaiah (40:22), there is also a description of
God stretching out the heavens like a curtain, which has been linked by some to the
expansion of space (Gonzélez, 2014).

In Judaism, the Talmud contains discussions that suggest an understanding of
cosmology and a dynamic, evolving universe. Rabbi Nachmanides, a prominent medieval
Jewish scholar, described the creation of the universe in terms that could be seen as
compatible with modern cosmological theories (Ramban, 1995).

A Theological and Scientific View of the Big Bang and "Let There Be Light"
(Genesis 1:3)

One of the most famous lines in the Bible is "And God said, 'Let there be light," and
there was light" (Genesis 1:3, New International Version), which denotes the creation of
light and, thus, the beginning of the cosmos. This passage from the Book of Genesis is
frequently understood to mark the beginning of creation by God. Some academics and
theologians contend that this term might allegorically relate to the Big Bang, which is the
point in time when the universe, as defined by contemporary science, came into being.

The Big Bang theory, a cornerstone of modern cosmology, posits that the universe
began approximately 13.8 billion years ago from a singular, highly dense, and hot point,
followed by an expansion that continues today (Hawking, 1988). According to this theory,
the early universe was in a state of extreme energy, and as it expanded, particles began to
cool and form the matter that made up galaxies, stars, and planets. At some point in this
expansion, light emerged, signifying the transition from a dark, opaque universe to one
where light could travel freely—an event often referred to as the "cosmic dawn" (Silk,
2001).

Thus, the words "let there be light" can be seen as a metaphor for the cosmic event
when light first entered the universe, or the moment when the universe became
enlightened. This biblical account of creation and the scientific knowledge of the Big Bang
is frequently compared by theologians who work to reconcile science and faith, implying
that the two stories may be complementary rather than antagonistic.

From a theological perspective, the command “Let there be light” is seen as God's
initiation of the creation process, marking the separation of darkness from light, which is
essential for life to exist. Light in the Bible often symbolizes knowledge, life, and divine
presence. For instance, in Christian teachings, light is frequently associated with God's
truth and revelation (John 8:12; Psalm 119:105).

Some theologians argue that the notion of light in Genesis 1:2 could be
metaphorically linked to the emergence of order and structure in the universe. Before this
moment, there was "darkness over the surface of the deep” (Genesis 1:2), implying a
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chaotic and formless state. By invoking light, God brings order to chaos, which parallels
the Big Bang’s transformation of a dense, chaotic state into an expanding, structured
universe.

Modern physics, which characterizes the universe as constantly changing, makes the
relationship between Genesis 1:3 and the Big Bang all the more intriguing. The idea of a
developing cosmos is consistent with scientific findings that the universe is expanding,
such as the 1929 discovery by Edwin Hubble that galaxies are drifting apart (Hubble,
1929). With a history that includes a beginning—the instant that time, space, and matter
came into being—this expansion implies that the universe is dynamic rather than static.

Theologians such as John Polkinghorne (1998) argue that this evolving nature of the
universe is consistent with the biblical narrative of creation. While the Bible does not
describe the scientific specifics, its depiction of an initial act of creation followed by the
emergence of order can be interpreted as complementary to the scientific understanding of
the universe's expansion and evolution.

In the Book of Isaiah, we find another verse that some theologians link to the idea of
an expanding universe: “He sits enthroned above the circle of the earth, and its people are
like grasshoppers. He stretches out the heavens like a canopy and spreads them out like a
tent to live in” (Isaiah 40:22, New International Version).

The phrase “He stretches out the heavens” has been interpreted by some as an ancient
description of the universe’s expansion, akin to the Big Bang model. While traditional
interpretations viewed this as a metaphor for God’s omnipotence and His role in sustaining
the cosmos, modern readers have sometimes seen it as the scientific concept of an
expanding universe. As the heavens (or space) expand, the universe grows in scale, much
like the way a tent is spread out, which aligns metaphorically with the idea of cosmic
inflation (Guth, 1997).

Theologians and scientists continue to debate the connection between Genesis 1:3,
Isaiah 40:22, and contemporary cosmology. The imagery in these biblical passages can be
considered to resonate with modern cosmological theories, even though they were not
written with modern science in mind. According to theologians like Alister McGrath
(2016), the Bible's narrative structure offers a theological understanding of the universe's
meaning and purpose, even though it may not explain the beginnings. According to this
viewpoint, theological conceptions of creation and scientific hypotheses like the Big Bang
can coexist because they address distinct facets of the same reality.

The metaphor of light is significant in religious texts and scientific models of the
universe. In cosmology, light plays a crucial role in the formation, from the initial burst of
photons after the Big Bang to the eventual creation of stars and galaxies. The release of
light symbolizes the universe becoming transparent, marking the end of the "cosmic dark
ages" and allowing for the formation of visible structures (Peebles & Yu, 1970).

In religious traditions, light is also a powerful symbol of knowledge, guidance, and
life. By declaring “Let there be light,” Genesis depicts light as the first step toward
bringing life and order to the universe. The discharge of light during the Big Bang
represents the universe's transformation from a chaotic state to one that may eventually
give rise to structure and life.

The Big Bang, the point at which the universe came into being and light began to
permeate the cosmos, can be figuratively associated with the words "Let there be light"
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from Genesis 1:3. The process of creation that gives the universe form and order is
described in both the scientific theory and the biblical account. Texts like Isaiah 40:22,
which some read as a sign of an expanding world, further enhance the relationship between
this biblical verse and contemporary cosmology. Despite not being a scientific source, the
Bible's descriptions and metaphors provide a framework that may coexist with modern
scientific understandings, emphasizing the continuous conversation between science and
faith.

Despite the alignment of certain concepts, it is essential to recognize that religious
interpretations of the universe’s expansion and contraction are often symbolic and
metaphysical rather than strictly scientific. However, these interpretations provide a
philosophical and spiritual framework through which believers engage with scientific
ideas, frequently seeing no contradiction between science and religion. As White (2010)
argued, "The scientific and religious understanding of the universe's creation and eventual
fate can coexist, each addressing different dimensions of human inquiry."

Based on the Friedmann equations, the mathematical analysis conducted in this study
provides insight into the universe’s evolution. The results of the first Friedmann equation
show that, in a flat universe (k = 0) with the presence of dark energy (A), the scale factor
a(t) increases rapidly over time, consistent with current cosmological models (Peebles &
Ratra, 2003). This result supports the hypothesis that the universe is undergoing
accelerated expansion due to dark energy, as proposed by recent astronomical observations
(Riess et al., 1998).

Figure 1 presents two important charts of the expansion of the cosmos and illustrates
the scale factor evolution and the scale factor of the evolution:

Universe Expansion: The graphic on the left displays the scale factor a(t) as it
changes over time. The y-axis displays the scale factor, while the x-axis represents time in
billions of years. Indicating the universe's accelerated expansion, the graph shows a non-
linear increase in the scale factor over time. It agrees with the commonly accepted
cosmological model characterized by the CDM (Lambda Cold Dark Matter) model
(Weinberg, 2008), which holds that dark energy accelerates the universe's expansion.

Scale Factor vs. Expansion Rate: The plot on the right displays the relationship
between the scale factor a(t) and the expansion rate c(t). The graph shows a decreasing
trend in the expansion rate as the scale factor increases showing that the universe's
expansion is accelerating, and the relative rate of change per unit scale factor decreases
over time. This result is consistent with the behavior predicted by the Friedmann equations,
which account for dark energy’s influence, where the expansion accelerates at a decreasing
rate as the universe grows larger (Ryden, 2017).
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Universe Expansion Scale Factor vs Expansion Rate
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Figure 1. The universe expansion over time and the scale factor of the expansion rate for k

=1

The results depicted in the figure are significant as they confirm two key predictions
of modern cosmology:

Accelerating Universe: The left-hand graph illustrates that the scale factor a(t), which
represents the relative expansion of the universe, grows more rapidly over time. This
reflects the influence of dark energy, which has been observed to drive the universe's
expansion since around 5 billion years ago (Riess et al., 1998). This expansion has
profound implications for the future evolution of the universe, suggesting that distant
galaxies will continue to move farther apart at an ever-increasing rate.

Deceleration of the Expansion Rate: The right-hand graph suggests that the
instantaneous rate decreases as the universe expands. While the universe continues to
grow, the relative contribution of matter to the expansion diminishes, and dark energy
dominates (Perlmutter et al., 1999). This reflects the transition from a matter-dominated
universe in the early epochs to one dominated by dark energy in the current era. The
decreasing expansion rate with increasing scale factor aligns with predictions that the
expansion will continue indefinitely but at a slower pace per-unit expansion (Carroll,
2004).

These results are crucial as they validate current cosmological models and offer
insights into fate, providing evidence for the dominance of dark energy in the late
universe's dynamics. Understanding this relationship between the scale factor, expansion
rate, and dark energy is fundamental to advancing our knowledge of the universe’s
ultimate fate.

Table 1. Statistical Analysis of the Cosmological Model

Parameters value

Mean of Scale Factor (a) 4.3521
Standard Deviation of Scale Factor (a) 1.4350
Variance of Scale Factor (a): 2.0593
Mean of Expansion Rate (da/dt) 0.2728
Standard Deviation of Expansion Rate (da/dt): 0.1472

Variance of Expansion Rate (da/dt): 2.1666e-02

Correlation Coefficient (Scale Factor vs Time): 0.9845
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Correlation  Coefficient (Scale Factor vs | -0.8887
Expansion Rate):

The statistical analysis of the cosmological model provides critical insights into the
relationship between various cosmological parameters, such as the scale factor a(t) and the

expansion rate. c{t), helping to evaluate the dynamics of the universe’s expansion shown
in Table 1.

The cosmos has expanded considerably over the period under consideration, as
indicated by the scale factor's mean value of 4.3521. This result shows that, on average, the
cosmos has expanded more than fourfold to its starting state, and the scale factor is
dimensionless. This outcome is consistent with the conventional cosmological model,
which postulates that the universe will expand significantly due to dark energy's
continuous effect (Weinberg, 2008). As the universe expands faster over time due to the
dominance of dark energy, the mean scale factor rises, as Table 1 illustrates.

The standard deviation of the scale factor is 1.4350, with a variance of 2.0593,
indicating moderate variability in the scale factor over time. This suggests that while the
universe's expansion is accelerating, the rate of change in the scale factor is not uniform
but follows an increasing trend, albeit with some fluctuations. This variability reflects the
complex interplay between matter, radiation, and dark energy in the universe’s history
(Ryden, 2017).

The mean of the Expansion Rate i(t).

The mean expansion rate, d(t}, is 0.2728, which reflects the average rate at which the
universe's scale factor changes over time. This rate is influenced by dark energy and matter
content, with dark energy becoming more dominant as the universe ages. This value is
consistent with observations that the universe’s expansion rate has been steadily increasing
due to the cosmological constant, which describes dark energy’s effect on the expansion
(Perlmutter et al., 1999).

d. Standard Deviation and Variance of the Expansion Rate a{t)

The standard deviation of the expansion rate is 0.1472, and the variance is 0.0217,
indicating relatively low variability in the expansion. This result suggests that although the
expansion rate changes over time, it does so within a narrow range, likely due to the
dominance of dark energy, which tends to smooth out the variations caused by
gravitational interactions in earlier epochs dominated by matter and radiation.

e. Correlation Coefficient (Scale Factor vs Time):

The high positive correlation coefficient of 0.9845 between the scale factor and time
suggests a strong linear relationship. This implies that as time increases, the scale factor
increases significantly. This result is expected based on the ACDM model, which shows
that the universe's expansion follows a predictable pattern where the scale factor increases
exponentially due to the repulsive force of dark energy (Weinberg, 2008).

Scale Factor vs. Expansion Rate Correlation Coefficient: An inverse association
between the scale factor and the expansion rate is suggested by the negative correlation
coefficient of -0.8887. This indicates that the rate of expansion falls in relative terms as the
scale factor rises. The Friedmann equations, which explain how the expansion rate
decreases with universe expansion but stays positive because of dark energy, theoretically
predict this outcome (Carroll, 2004). The shift from a matter-dominated to a dark energy-
dominated universe, where the cosmos continues to expand but at a slower relative rate, is
reflected in this negative connection.
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The strong positive correlation between the scale factor and time supports the current
understanding of an accelerating universe, where dark energy drives the expansion at an
increasing rate (Perlmutter et al., 1999).

The negative correlation between the scale factor and the expansion rate provides
further evidence of the universe’s transition from a decelerating expansion (dominated by
matter) to an accelerating phase dominated by dark energy. This shift indicates that as the
universe grows larger, the relative rate of change slows, even though the expansion itself
accelerates (Ryden, 2017).

The low variability in the expansion rate confirms the relatively smooth expansion
history, particularly in the later epochs where dark energy becomes more dominant. The
findings thus provide strong support for the standard cosmological model, particularly the
role of dark energy in driving the universe’s continued expansion. The data reinforces the
view that dark energy is the primary factor responsible for the universe’s future trajectory,
ensuring that expansion will continue indefinitely (Riess et al., 1998).

Figure 2 presents two significant plots: the "universe expansion” graph showing the
relationship between time (in billions of years) and the scale factor a(t), and the "scale
factor vs. expansion rate” graph, which compares the scale factor with its corresponding
rate of expansion. These graphs are essential to understanding the dynamic behavior of the
universe based on the cosmological Friedmann equations.
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Figure 2. The universe expansion and the scale factor vs. expansion rate when k =0

f. Universe Expansion over Time

The scaling factor a(t) changes over time, as shown in the first plot (on the left). The
scale factor measures the universe's size with its size at a previous point in time. Here, the
universe's expansion is linear, indicating a steady increase in the scale factor over time. For
the model with k = 0, which represents a flat universe (no curvature), the linear
relationship between time and the scale factor supports the current cosmological
understanding that the universe is expanding at an accelerating rate.

The scale factor a(t) has a statistical mean of 0.0100 and a negligible variance of
1.2535x10 . This indicates a slight departure from the expansion's linear tendency. As
anticipated in cosmological models considering a flat universe with constant expansion
rates, the correlation coefficient between time and the scale factor is precisely 1.0000,
indicating a strong direct relationship between time and expansion.
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g. Expansion rate and scale factor
The second plot (on the right) compares the scale factor a(t) with the expansion rate.

%- The expansion rate exhibits highly oscillatory behavior around a near-constant value of

approximately 6.07116x10"". The small scale of the variations indicates that although the
expansion rate fluctuates, these changes are minimal and clustered closely around a mean
value. The mean expansion rate is essentially zero (0.0000), with a variance of
9.4446x107°, indicating very little change over the examined period.

The low correlation coefficient between the scale factor and the expansion rate (r =
0.0383) suggests that the scale factor and the expansion rate are only weakly correlated.
This is interesting because, in a universe where dark energy and matter dominate, the
expansion rate should not be tightly coupled to the scale factor, particularly in models
where dark energy causes the expansion to accelerate over time, leading to the weakening
of the relationship between the expansion rate and the scale factor.

h. Cosmological Implications

The linear growth of the scale factor, as demonstrated in the "Universe Expansion™
graph, is consistent with the predictions of the ACDM model, which assumes a universe
dominated by dark energy (represented by the cosmological constant A) and cold dark
matter. According to contemporary cosmological theories, this model predicts an
accelerating universe (Spergel et al., 2003). The results shown in this analysis support this
theoretical framework, with the linear growth of the scale factor signifying an ongoing
expansion of the universe driven by dark energy.

Furthermore, observations indicating that the expansion of the universe is not only
determined by its size but is instead impacted by other factors, such as the energy density
of dark energy, are consistent with the weak link between the scale factor and the
expansion rate (Riess et al., 1998). A dynamic cosmological constant or other types of dark
energy may be present and accountable for this behavior, as shown by the decoupling of
expansion rate and scale factor (Perlmutter et al., 1999).

A fully linear relationship between time and the scale factor is revealed by statistical
analysis of this cosmological model with k = 0, highlighting a universe that is expanding
steadily, which is consistent with current cosmological findings. The scale factor and
expansion rate have an almost negligible association, which could indicate more intricate
underlying mechanisms controlling the universe's growth, including the role of dark
energy. This investigation adds to our knowledge of cosmic dynamics by confirming the
CDM model's predictions about the universe's continuous expansion.

The scale factor a(t)'s time progression in billions of years is depicted in Figure 3.
This plot shows a more exponential-like trend, with the scale factor expanding relatively
slowly initially before accelerating substantially after around 10 billion years, in contrast to
the prior model where the scale factor climbed linearly. In line with contemporary
cosmological theories that suggest dark energy as the primary driver of the universe's
accelerated expansion, this recommends a cosmological model in which the universe
experiences accelerated expansion in later times.
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Figure 3. The universe expansion and the scale factor vs expansion rate at k = 1

The statistical analysis further supports this exponential behavior. The mean of the
scale factor a(t) is reported as 0.0051, with a standard deviation of 0.0955 and a variance of
9.1274x107°. This higher variance compared to the earlier linear model (which had a
negligible variance) indicates greater variability in the scale factor over time. This suggests
that the universe is not expanding at a constant rate but is accelerating.

I. Scale Factor and Expansion Rate
The second plot compares the scale factor a(t) with the expansion rate. % The

expansion rate remains constant at around 1.71482x107%', regardless of changes in the
scale factor, suggesting that in this model, the rate stabilizes after an initial period of
growth. The flatness of this curve may reflect a transition to a universe dominated by dark
energy, where the rate of expansion becomes constant or nearly constant over time.

The mean expansion rate is 0.0078, with a standard deviation of 0.0580 and a
variance of 3.3631x10"°, indicating minimal variation. This stability in the expansion rate,
particularly in the latter stages of the universe's evolution, aligns with the behavior
predicted by the ACDM model, where the influence of dark energy dominates the
universe’s dynamics, resulting in a constant or near-constant expansion rate (Spergel et al.,
2003).

J. Correlation and Statistical Insights

The correlation coefficient between the scale factor and time is r = 0.9562 is slightly
lower than the perfect correlation seen in the previous model but still strongly positive.
This high correlation indicates that the scale factor and time are still closely related, and
the difference implies that the expansion is not purely linear as it was before but instead
has undergone phases of acceleration and deceleration.

The correlation between the scale factor and the expansion rate, r = 0.1259, is notably
weak relative to the previous model. This further reinforces the observation that the
expansion rate does not directly depend on the scale factor at later times, which is
characteristic of a universe driven by dark energy, where expansion accelerates
independent of the current size of the universe (Riess et al., 1998; Perlmutter et al., 1999).
k. Comparison with Previous Results

In contrast to the previous model, where the scale factor exhibited a perfectly linear
relationship with time and a negligible variance, the current model shows a more dynamic
universe where the scale factor undergoes significant changes over time. This more
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intricate cosmic activity is reflected in the much greater variance in the scale factor and
expansion rate. Additionally, while the previous analysis revealed a perfect correlation
between the scale factor and time, the current analysis presents a slightly weaker
correlation, highlighting the effects of an evolving expansion rate.

The lower correlation between the scale factor and the expansion rate compared to the
previous results further indicates that in this model, other forces (such as dark energy) are
playing a significant role in driving the expansion, independent of the universe’s size at
any given time. This is consistent with the current understanding of cosmology, where dark
energy becomes more dominant at later stages of the universe's evolution, leading to
accelerated expansion (Spergel et al., 2003; Perlmutter et al., 1999).

This analysis presents a more nuanced view of the universe's expansion, characterized
by an exponential-like growth in the scale factor over time and a near-constant expansion
rate in the later stages of the universe's evolution. The weak correlation between the scale
factor and expansion rate highlights the complex interplay between time, expansion, and
dark energy in determining the universe's growth. These findings agree with the ACDM
model, reinforcing the theory that dark energy plays a crucial role in the universe's current
phase of accelerated expansion.

3.3 Cosmological Theories and the Bhagavad Gita (9:7)

The verse from the Bhagavad Gita, 9:7, states: “O son of Kunti, at the end of the
millennium every material manifestation enters into My nature, and at the beginning of
another millennium, by My potency, I create them again and again” (Prabhupada, 1986). In
the larger framework of Hindu cosmology, this verse implies a cyclical process of creation,
preservation, and dissolution. This theory is consistent with several contemporary
cosmological theories and the knowledge of the cycles of the universe.

a. Cyclic Cosmology in Hindu Philosophy

In Hindu cosmology, time is perceived as cyclic rather than linear. The universe
undergoes periods of creation (Srishti), maintenance (Sthiti), and destruction (Pralaya),
after which it is re-created, and the cycle begins anew (Eliade, 1969). This cyclical concept
of the universe is reflected in the Bhagavad Gita and detailed in other Hindu scriptures
such as the Vedas and the Puranas. These scriptures claim that the universe functions on a
vast temporal scale called yugas representing various eras or eons. At the end of a cosmic
era, all material manifestations are dissolved into the divine, only to be created afresh at
the start of the next era, according to the Bhagavad Gita's verse 9:7.

b. The Universe’s Cyclic Nature and Modern Cosmology

Interestingly, modern cosmological models have also proposed the idea of a cyclic
universe. One such theory is the cyclic or oscillating universe model, which suggests that
the universe could go through endless cycles of expansion and contraction (Tolman, 1934).
According to this model, after the universe expands for billions of years, gravitational
forces could eventually halt the expansion and cause the universe to contract in a “Big
Crunch,” leading to a new Big Bang and the beginning of another cycle of creation. This
hypothesis suggests an infinite and continuous cosmic process is consistent with the idea
presented in the Bhagavad Gita that the cosmos is destroyed and re-created in recurrent
cycles.

Though the Big Bang theory is now the most widely accepted explanation for the
universe's creation in modern physics, the idea of a cyclic universe is still being studied
theoretically. The Ekpyrotic model, for instance, suggests that our universe might be part
of a larger multiverse and undergoes cycles of creation through collisions with parallel
universes (Steinhardt & Turok, 2002). This idea further strengthens the connection
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between ancient Indian cosmology and modern scientific models of the universe’s origin
and fate.
c. Entropy and the Re-Creation of the Universe

Another aspect of the cyclic cosmology described in the Bhagavad Gita can be related
to the concept of entropy in modern physics. According to the second law of
thermodynamics, entropy, or disorder, in a closed system will increase over time. This has
led some cosmologists to propose that the universe, after reaching a state of maximum
entropy (heat death), may collapse or transition into a new state of low entropy, initiating a
new cycle of creation (Penrose, 2010). The verse “by My potency, I create them again and
again” (Bhagavad Gita 9:7) can thus be interpreted metaphorically as describing a process
where the universe undergoes renewal, with a new phase of lower entropy leading to the
formation of new cosmic structures.

d. Metaphysical Implications: Creation as a Divine Process

The Bhagavad Gita portrays the process of creation as not merely physical but deeply
metaphysical. The dissolution and creation of the universe are tied to the divine will of
Krishna, who acts as the sustainer and re-creator of the material world. This concept
resonates with the philosophical idea of the universe as a manifestation of divine
consciousness, where physical phenomena are due to a higher, metaphysical order
(Radhakrishnan, 1951). In this view, the cycles of creation and destruction are not random
events but are driven by a cosmic intelligence that ensures the continuation of life and
existence.

Modern cosmology has strayed into topics that touch on the metaphysical, especially
when considering the universe's genesis, despite being based on empirical science.
Concepts such as the multiverse or the quantum nature of space-time evoke questions
about the fundamental nature of reality and whether there is a deeper, underlying cause or
force governing the universe's behavior. While cosmology does not directly address the
divine, parallels can be drawn between these modern questions and the theological
framework of the Bhagavad Gita, where divine agency governs the processes of creation
and dissolution.

e. Comparing Hindu Cosmology and Modern Physics

Although Hindu cosmology and modern physics emerge from different philosophical
traditions, both suggest the dynamics of the universe and its change. In both cases, the
universe is seen as part of a larger, possibly infinite, process. While Hindu texts describe
this process as an expression of divine will, modern physics frames it in terms of natural
laws and forces. However, the cyclic nature of time as proposed in Hindu cosmology, and
the cyclic models of the universe in physics suggest that ancient philosophical insights may
offer complementary perspectives on cosmological phenomena.

The verse from the Bhagavad Gita (9:7) encapsulates a profound insight into the
cyclical nature of the universe, a concept that has intriguing parallels with modern
cosmological theories. While Hindu cosmology describes this cycle in terms of divine will
and metaphysical forces, modern science explores it through physical processes such as
entropy, cosmic inflation, and cyclic models. The dialogue between these ancient
philosophical ideas and contemporary scientific theories enriches our understanding of the
universe and highlights the enduring relevance of ancient cosmological perspectives in
modern discourse.
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This study has illuminated the fascinating interplay between scientific theories of the
universe's expansion and contraction and the interpretations of religious texts. By
employing the Friedmann equations, we have demonstrated that the universe is not only
expanding but doing so at an accelerating rate, largely due to the influence of dark energy.
Simultaneously, religious perspectives from Islam, Christianity, and Judaism provide
symbolic insights into the universe's creation and evolution, showcasing how these
traditions can complement scientific understandings.

The results imply that although our cosmological models are supported by factual
data, the philosophical and spiritual stories in spiritual books can deepen our understanding
of the nature of the cosmos. This interdisciplinary approach highlights the possibility of a
cohesive empathy for reality by promoting a conversation that inspires cooperation
between spiritual contemplation and scientific investigation. The study also highlights the
need for more investigation into scientific and theological frameworks by posing
significant questions about the universe's destiny, particularly the ramifications of a
possible contraction phase.

The statistical analysis reveals that the universe’s expansion rate and scale factor
vary significantly depending on the curvature of the universe. For k = 1, the universe is in
perpetual expansion, indicating an open and infinite universe. For k = 0, the expansion
stabilizes over time, consistent with a flat universe model supported by current
cosmological observations. When k = 1, the universe appears to undergo cycles of
expansion and contraction, aligning with both the Big Bang and cyclic universe theories.
The theological discussions from Islamic, Christian, and Hindu scriptures suggest that
ancient religious beliefs may reflect early understandings of cosmological principles,
particularly of the universe's origin and cyclical nature.

Further exploration into the intersection of religious cosmologies and modern
scientific theories could provide new insights into the universe's structure and behavior.

Comparison studies between religious texts and cosmological models should be
encouraged to bridge the gap between science and spirituality.

More advanced statistical methods, including simulations of different curvature
scenarios, should be employed to refine our understanding of the universe’s fate.
Educational curricula in religious and scientific fields should include discussions on how
ancient scriptures align with modern cosmological models to foster a holistic
understanding of the universe.
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