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Abstract: 

Physical cosmology is one of the highest features of Astronomy and Space Science which is a sub-branch of 

Mathematics, correlated with the analysis of cosmological configurational representations. A cosmological 

architype or basically cosmology, affords a portrayal of the large-scale structure of the observable cosmos, its  

dynamics and permits the logical reasoning build-up and analytical perceptiveness of the basic queries relating 

to the beginning, composition, progression and  extreme providence of our cosmos. In physical cosmology, 

the shape of the universe can be defined as an interpretation of the local and global geometry of the cosmos. 

The local structures of the geometry of the cosmos are mostly designated by curvature of the cosmos, whereas 

the topology of the cosmos designates universal comprehensive possessions of its shape as a unceasing entity. 

The spatial curvature is illustrated by general relativity which designates the inherent geometrical manifolds 

depicting the very feature of how spacetime is curled as a consequence of gravitational force. The spatial 

topology cannot be regulated from its curvature because of the fact that there exist locally incomprehensible 

interstellar spaces that might be surpassed with the diverse topological invariants or simply topologically 

acknowledged constant parameters. The observable cosmos may appear to be shapeless since its vastness, 

however possesses a configuration that can be perceived by space scientists. A recorded number of 

cosmological substantiations indicate the cosmos's compactness which is almost correspondent of about six 

protons per 1.3 cubic yards due to which the cosmos inflates in each possible dimensions, exclusive of warping 

positively or negatively, specifying that the geometrical shape experienced by the observable cosmos is flat. 

In the absence of dark energy, a flat cosmos magnifies eternally, however at a constantly reduced rate of 

speed, accompanying the scenario of the extension asymptotically potentially intending to zero. With the aid 

of the dark energy’s dominance, the frequency of variation of the cosmos with time, primarily decelerates, 

attributable to the consequence of gravity, in due course with an increasing intension. 
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1.Introduction: 

 

Cosmology, the science of planetary space, derived from the Copernican rationalization, indicates that the 

terrestrial entities conform to indistinguishably alike physical elucidation  as compared to those on planet 

Earth and Newtonian insightfulness Mechanics, the back bone to those physical rationalizations to be 

intelligible.  

The year 1915, remarked for the progress of Albert Einstein's  Theory of General Relativity which builds the 

plinth of the sub-branch of Astrophysics and Space Science, emerged as  Physical cosmology, faced chief 

experimental findings in the subsequent years like in 1920.  It was first Edwin Hubble who revealed that the 

cosmos comprises of an enormous number of exterior galaxies separated from the Milky Way. Further, the 

investigations done in this field regarding the ultimate fate of the cosmos by Vesto Slipher and other scientists 

disclosed that the cosmos is experiencing an accelerated expansion. Such encroachments built it conceivable 

to speculate about the origin of the universe and permits the permissible founding of the Big Bang Cosmology 

as the most prominent cosmological archetypal, designed and formulated by Georges Lemaître. Although a  

very less collective number of researchers still administers for a handpicked of  complementary cosmological 

strategical theories but still maximum number of cosmologists come to an conventionality that the Big Bang 

theory best elucidates the explanations regarding the structural configurations of our observable cosmos.  

Fundamentally three conceivable shapes of the cosmos are accessible. These are viz.,  

  A flat Universe (Euclidean or zero curvature). 

  A spherical or closed Universe (positive curvature). 

  A hyperbolic or open Universe (negative curvature). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Probable Geometrical Configurations of the Observational Cosmos 

 

Figure 1 

 

 

 

2. Review of Accompanying Literature in Investigating the Cosmos: 

 

The abbreviation WMAP  which erects for Wilkinson Microwave Anisotropy Probe, previously 

acknowledged as the Microwave Anisotropy Probe or abbreviately, MAP, was a spacecraft, administered by 

National Aeronautics and Space Administration, functioning for a period of ten years viz., from the year 2001 

to the year 2010, precisely calculated the  temperature variances transversely throughout the sky in the region 
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of Cosmic Microwave Background or more frequently termed as CMB which signifies the resplendent high 

temperature enduring from the Big Bang phenomenon.  

The WMAP spacecraft has articulated the geometry of the cosmos. If the cosmos was flat i.e., with 

zero curvature, the brightest Cosmic Microwave Background instabilities would be nearby 1 degree 

throughout the whole structure of the observable cosmos. WMAP has established this spot size with incredibly 

elevated accurateness. We now recognize our observable cosmos with a flat configure allowing with only 2% 

verge of error. 

The modest adaptation of the inflationary speculation which is an extension of the Big Bang theory, 

envisages that the concentration of the cosmos is extremely possessing an adjacent value to the critical density 

and that the embedded geometry of the cosmos is flat, like a sheet of paper. 

 

During the first part of the 20th century, when astronomer Edwin Hubble was performing space 

research in making investigations on galaxies that are located at greater distances from our planet Earth, 

apprehended that these discrete galaxies or cluster of galaxies are entirely appeared to be accelerating apart 

from the Milky Way. Hubble proclaimed that the cosmos is escalating in all possible directions. 

 
Gravity is an attractive force that grips to hold the celestial planets in their corresponding orbits around 

the Sun and keeps the Moon to revolve around the Earth in its allotted orbit. The gravitational pull of the 

Moon drags the oceans in the direction of the Moon, triggering the ocean tides. Gravity originates the celestial 

stars and terrestrial planets by dragging together the substantial material from which these interstellar figures 

are being created. 

David Spergel who was practicing as a speculative astrophysicist and emeritus professor of 

astrophysical sciences at the University of Princeton, had investigated the shape of the observable cosmos for 

epochs. An investigatory study published in The Astrophysical Journal in the year 2003, astrophysicist 

Spergel measured abnormalities arousing in the Cosmic Microwave Background (CMB), the brilliant light 

emanating from the Big Bang phenomenon, were experiential which were experimented by National 

Aeronautics and Space Administration’s Wilkinson Microwave Anisotropy Probe (WMAP) spacecraft and in 

subsequent periods by the European Space Agency's Planck spacecraft.  

The expanses of positive and negative energy in a flat observable cosmos are accurately identical and 

therefore their effects cancel each other. If the cosmos configures bearing a curvature, the bending or curving 

of one would be greater in comparison to the other. Thus, the great astrophysicist Spergel put forwarded a 

revolutionary perception towards the mankind stating that ‘a cosmos with zero curvature or simply a flat 

universe is compatible to a cosmos which comprehended for appraising to zero energy of the cosmos’. 

3. Analysis on the flatness of the observable universe: 

The WMAP measurements of CMB variations recommended the configuration of the observable cosmos 

depicting the fact that the cosmos was playing simultaneous geometrical configurations of both infinite and 

flat universe. The astrophysicist Spergel, at the same instance, maked a comparative assessment based on the 

investigatory results or measurements, those crafted by the European Space Agency's Planck spacecraft, 

which additionally restrained the conceivable shapes that the cosmos can exhibit. 

The great astrophysicist and space scientist Spergel mentioned in a post regarding the adoption of the 

manipulative structure of the cosmos is that whenever the curvature of the cosmos appears to be zero i.e., he 

predicted about the configuration of a flat universe, pertaining to some ambiguities or uncertainties. He also 

projected of an ambiance where the occurrence of uncertainty is minimised or lowered at its utmost level then 

and only then we can constraint the geometry of the observable cosmos at its best plausible value.  

An extra judgement that the astrophysicist Spergel is optimistic about the configuration of the flatness 

of the cosmos is due to the speedy enlargement of the cosmos which is apprehended by the Hubble constant. 

Since the cosmos is forthcoming into subsistence as a condensed sphere of material entity which is 

http://www.jetir.org/
https://en.wikipedia.org/wiki/Cosmic_microwave_background
https://en.wikipedia.org/wiki/Big_Bang
https://astronomy.swin.edu.au/cosmos/C/Cosmic+Microwave+Background
https://web.astro.princeton.edu/people/david-spergel
https://iopscience.iop.org/article/10.1086/377226
https://www.livescience.com/hubble-constant.html
https://www.livescience.com/46506-states-of-matter.html


© 2023 JETIR August 2023, Volume 10, Issue 8                                          www.jetir.org(ISSN-2349-5162) 

 

JETIR2308629 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g265 
 

experiencing stretching outwards at some extraordinary rapidity, totally this enlarging adjudicated the 

configuration of the cosmos to be flat or at least as close as or very nearly to be flat as conceivable. 

Indications projecting the flatness of the observable cosmos also give rise to the perception of critical 

density. According to the research carried out in Australia’s Swinburne University of Technology which 

comes to the investigatory research report that at the critical density, an imaginary hypothetical cosmos will 

emanate to be flat and ultimately ceases to inflate which unexceptionally after an infinite time intervals. Now 

if we consider about a hypothetical cosmos, more condensed in comparison to this above cosmos, it will 

appear to be bent identically to a sphere and in due course collapse itself due to the effect of gravity which is 

a projected spectacle identified as the Big Crunch. 

Whereas entire investigations grounded on our real i.e., observable cosmos (not hypothetical) advise 

us about a cosmos which is just underneath the critical density, indicating two possible emerging 

configurations of the cosmos viz., flat and exhibiting an indefinite exponential expansion. Moreover, one 

additional strata of confirmation recommends that the cosmos appears to be flat which further implies that the 

cosmos is isotropic in nature, it appearances to be identically alike from all possible perspectives. a physicist 

at the Institute for Nuclear Research in Russia  named Anton Chudaykin and his other collaborators, observed 

the relevant data while performing the investigations on fluctuations in consistent or baryonic substance, along 

with representations showing how atomic nuclei are weightier than hydrogen atoms were generated very soon 

after the evolution of the Big Bang Cosmology, with a interpretation to project the warping of the cosmos as 

proposed by physicist Chudaykin in Russia. However in various geometrical scenarios, it has been found that 

the interstellar substance and light can propagate in  diverse ways, permitting the space investigators to excerpt 

the three-dimensional shape of the observable cosmos which has been derived from the investigational 

statistic. 

The research, circulated in the Journal of  Physical Review D, initiated that the advancement that the 

noticeable cosmos was flat which is restrained to an accurateness of only 0.2% marginal value. The data 

gathered in this context by the space scientists indicate that the three-dimensional curvature is harmonious 

with zero. The researchers transcribed in their study that that our cosmos suggested as infinite which is 

constrained under some statistical indistinctness or numerical ambiguity. 

4. Shape of the observable universe: 

There are two conceivable ascribes under deliberation viz., 

 The local geometry of the cosmos which frequently apprehends the curvature of the cosmos, 

predominantly the observable cosmos and 

 The global geometry of the cosmos which apprehends the topology of the cosmos as an entire entity. 

The observable cosmos can be supposed as a sphere that outspreads away from any surveillance point for a 

distance of 46.5 billion light-years apart, further moving to prior period and exhibiting additionally redshifted 

from our planet Earth, comparatively detached away as visible in laymen’s eyes. Preferably, someone can 

endure to observe posterior to an entirely possible means to the occurrence of Big Bang Cosmology, 

realistically although the furthermost celestial object apart from our observable cosmos which can be 

visualized  as anything i.e., any interstellar entity which has passed or traversed sideways and also that is 

opaque can be identified by exercising light waves and other electromagnetic radiations is the Cosmic 

Microwave Background (CMB),. Investigational explorations carried out illustrates that the observable 

cosmos is precisely intimate to isotropic and homogeneous in nature.  

Under such type of circumstances where the observable cosmos embraces the entire cosmos, it might be 

feasible to establish the construction of the all-encompassing cosmos by inspection. However, if the 

observable cosmos is reduced than the complete cosmos, the very surveillances performed by the space 

researchers will be restricted to only a portion of the entire entity and the space scientists may not be capable 

to establish its comprehensive geometry structured through measurements. From experimentations, it is quite 

conceivable to construct a varied mathematical model demonstrating the comprehensive geometry of the 

whole cosmos, all of which are harmonious with present experimental information. Thus, it is presently 
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unidentified whether the visible cosmos is undistinguishable to the comprehensive cosmos or as an alternative 

to numerous orders of lesser magnitude. The cosmos may be insignificant in approximately a few number of 

extents and which are not arranged in maintaining sequences with others which is similar to the technique, 

just a cuboid is lengthier in measurement, enumerated in distance as it is compared in terms of the dimensions 

of breadth and height. To examine whether a given mathematical archetype designates the cosmos correctly, 

space scientists aspect for the representation's innovative insinuations describing the spectacles in the cosmos 

that have not been detected till now, whereas that must subsist, as soon as the prototype is accurate and these 

models formulate experimentations to assess whether those spectacles transpire or not. For illustration, if the 

cosmos is an insignificant closed ring, one can envisage to perceive numerous imaginings of an entity in the 

sky, although the images are not necessarily created at the same instance of time.  

Cosmologists customarily establish with a prearranged space-like wedge of spacetime called the 

comoving coordinates, the presence of a desired set which is conceivable and extensively acknowledged in 

existing physical cosmology. The segment of spacetime that can be experimental is the rearward light conoid 

or cone where entire points within the cosmic light horizon with respect to some specified time touches a 

specified observer, whereas the interrelated term Hubble volume can be utilized to designate either the earlier 

light cone or comoving space equal to the surface of preceding sprinkling or spreading. The shape of the 

cosmos at a point in time is trusted from the point of view of special relativity unaccompanied arising from 

the relativity of simultaneousness, diverse points in interstellar space cannot be thought to exist at the some 

identical points in time nor therefore the shape of the cosmos at a prescribed point in time. However, the well-

defined comoving coordinates afford a stringent sagacity to those by usaging the time since from the beginning 

of the Big Bang Cosmology as measured in the recommendations of CMB as a distinguished general time.  

 

5. Curving Features Unveiled by the cosmos: 

 Curvature, Interstellar Space and Flatness hindrance: 

The curving or warping is a measure explaining the geometry of a terrestrial space describing the technique 

of how does the correlated geometry fluctuate locally starting from  a point of the zero curvature or simply 

flat space. The curving of a locally isotropic space and hereafter of a locally isotropic cosmos can be 

categorized into one of the three cases viz.,  

 Zero Curvature (Flat): Let us draw a plane triangle and add the three angles accordingly, giving rise 

to a value equal to 180° and very subsequent Pythagoras Theorem corroborates, this kind of  3-

dimensional interstellar space is locally modelled by Euclidean space E3. 

 Positive Curvature: A triangle is drawn and consequently the three angles are summed up giving rise 

to a value exceeding 180°. This particular 3-dimensional planetary space is locally modelled by a 

region of a 3-sphere S3. 

 Negative Curvature: The three angles of a drawn triangle are added and the very addendum results 

to a summation value which is less than 180°. This type of 3-dimensional space is locally modelled 

by a province of a hyperbolic space H3. 

Curved geometries are geometrized in the sphere of influence of Non-Euclidean Geometry. For instance, we 

can refer to a positively bent celestial space that will represent the superficial portion of a sphere e.g., the 

Earth. It is quite plausible arising that when a space scientist draws a triangle tracing from the equator to a 

pole which will possess at least two angles equal to 90°each and will evaluate the value to be greater than 

180° as the three angles of the triangle are summed up. We can cite an illustration of a negatively curved 

surface that will be in the  shape of a saddle or mountain pass. A triangle drawn on the surface of a bicycle 

seat i.e., saddle will give rise to the sum of the angles whenever added, summed up to a value which smaller 

than 180°.  
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Figure 3 

 

The local geometry of the cosmos is being regulated by the variations, arising in the values of the density 

parameter Ω i.e., whether the density parameter Ω assumes the value to be is greater than, less than or equal 

to 1. 

 

In the above adjoining figure, travelling from top to the bottom, we can predict the adherent geometry of a 

cosmos as 

 

 A spherical universe with the value of the Density Parameter, Ω > 1 

 A hyperbolic universe with Density Parameter having the value Ω < 1 and  

 A flat universe with the value of the Density Parameter as Ω = 1.  

 

These representations of two-dimensional exteriors or planes are appropriately effortlessly envisioned and at 

the same instance correspondents to the 3-D arrangement of neighbouring interstellar spaces. 

 

General relativity grounded on the concept that explicates that mass and energy curve the warping of 

spacetime and is disbursed to resolve about the curvature, the cosmos possesses by means of an entity termed 

as the density parameter, designated by the Greek letter Capital Omega, denoted by Ω. The density parameter 

stands for the average density of the cosmos divided by the critical energy density i.e., the mass energy 

desirable for a cosmos to be flat. Thus, we can have, 

 If Ω = 1, the cosmos appears to be flat. 

 If Ω > 1, there is probability for a positively curvature cosmos. 

 If Ω < 1, there is possibility of a negative curvature cosmos. 

It is possible for someone who wants to experimentally calculate the value of Ω which leads to regulate the 

curvature of space in two varied approaches. The space scientist  is to sum up all the mass-energy of the 

cosmos and then calculate its average density by dividing the average energy-density by the critical energy 

density. Information drawn from Wilkinson Microwave Anisotropy Probe (WMAP) spacecraft and also the 

Planck spacecraft furnish values for the three ingredients of the entire mass-energy abundance in the cosmos– 

normal mass such as baryonic matter and dark matter, relativistic particles like photons and neutrinos and 

finally dark energy or the cosmological constant as:  

Ωmass ≈ 0.315±0.018  

Ωrelativistic ≈ 9.24×10−5  

ΩΛ ≈ 0.6817±0.0018  

Ωtotal = Ωmass + Ωrelativistic + ΩΛ = 1.00±0.02  
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The authentic value arising for critical density value is calculated to be ρcritical = 9.47×10−27 kg m−3. From these 

assessments, persistent with the experimental error, the geometry of the universe appears to be flat.  

An alternative procedure to measure density parameter, Ω is to perform that measuring task by 

approaching geometrically with the help of calculating an angle transversely to the observable cosmos. We, 

the fellow persons of the planet Earth can perform this task by using the CMB Model and measuring the 

power spectrum and temperature anisotropy of space. In this context, someone residing on earth can envision 

of discovering a gas cloud which is in thermal non-equilibrium for being so gigantic that the speed of light 

cannot promulgate through the thermal unevenness. Having a knowledge of this proliferation speed by 

calculating the measured value, it is envisaged to recognize the size of the gas cloud and the distance to the 

gas cloud at the same instance which then leads to possess two sides of a triangle and resolve the angles. 

Encompassing a similar method, the BOOMERanG experiment has acknowledged about a triangle whose 

sum of the three sides equals to 180° constrained by experimental error which further corresponds to a value 

of  Ωtotal ≈ 1.00±0.12.  

These, together with other astrophysical measurements restrain the spatial bending extremely tending 

to zero. In this process, they do not constrict its sign, signifying that although the local geometries of spacetime 

are engendered by the theory of relativity constructed on spacetime intermissions, a 3-D space can be 

approximated by the most recognizable, world-shattering Euclidean Geometry.  

The Friedmann–Lemaître–Robertson–Walker (FLRW) Model, with the application of Friedmann’s 

equations is frequently assisted to model the cosmos. The FLRW model affords a curving of the cosmos 

constructed on the Mathematics of Fluid Dynamics i.e., modelling the interstellar material or substance within 

the cosmos as a perfect fluid. It is very common that celestial stars and assemblies of mass can be familiarized 

into a practically FLRW Model, a stringently FLRW Model is cast-off to expect the local geometry of the 

visible cosmos. In another means, if all arrangements of dark energy are overlooked, the curvature of the 

visible cosmos can be evaluated by measuring the average density of interstellar substance within the cosmos, 

supposing that entire interstellar substance is consistently dispersed rather than the distortions caused by 

condensed entities like galaxies. This supposition is vindicated by the annotations which throws light when 

the cosmos is feebly or inadequately not homogeneous and anisotropic which can visualize the large-scale 

structure of the cosmos, it is averagely homogeneous and isotropic in characteristics.  

6. Universal Comprehensive Structure of the Cosmos: 

Universal configuration protectively shields the geometry and the topology of the entire cosmos giving 

rise to both of the visible cosmos and exterior. Since the local geometry does not finalize the global geometry 

entirely, it confines the likelihoods, predominantly a geometry of a persistent curvature. The cosmos is 

frequently reserved to be  geodesically diversed, unrestricted from topological imperfections, easing either of 

such obscures by analysing substantially. A comprehensive geometry is a local geometry in addition to some 

topology. It sticks to a notion that a topology unaccompaniedly or solely cannot accommodate a global 

geometry e.g., an Euclidean 3-D interstellar space and hyperbolic 3-D space having the same topology but 

exhibits vivid universal comprehensive geometries of the visible cosmos.  

Explorations done inside the arena of the comprehensive assembly of the cosmos consist of the following 

circumstances: 

 Is the visible cosmos infinite or finite in enormousness? 

 Is the geometry of the comprehensive cosmos flat, positively curved or negatively curved?  

 Is the topology generally connected like a sphere or proliferately connected like a toroid?  

7. The Interrogations Regarding Infiniteness or Finiteness of the Observable Cosmos: 

One of the unreciprocated interrogations of current times about the cosmos is whether it is infinite or 

finite in extent. For perception, it may be comprehended that a finite cosmos has a finite volume i.e., can be 

in modelled in conceptualized texts and which has been pre-occupied with a finite volume of quantifiable 

matter, predominant in space, while an infinite cosmos is unrestrained and no arithmetical volume can 
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conceivably fulfil its expanses. Mathematically, the interrogation regarding the construction of the cosmos 

whether it is infinite or finite, mentioned as boundedness or finiteness. An infinite cosmos e.g., unbounded 

metric space predicts that there are arbitrarily chosen points which are situated far-flung apart from our planet 

earth i.e., just for any remoteness d, there are points that are as a minimum of d distance apart. A finite cosmos 

is a bounded metric space such that there exists some distance function d in such a manner that the total points 

are lying within the range of the distance d, contained in one another. The smallest of such distance a d is 

termed as the diameter of the cosmos, where the cosmos has a precisely-defined structure scale or pre-defined 

volume.  

8. The Challenging Questionings Ascribable to the Cosmos, with or without Boundary: 

Assumptions grounded on a finite cosmos, the cosmos can either have an edge or with no edge. A 

large number of finite Mathematical spaces for instance, a disc, have an edge or boundary. Spaces that are 

possessing an edge are tough to handle, either conceptually or at the same time mathematically. It is quite 

hard to deliberate about what will happen at the edge of such a cosmos. Due to this purpose, interstellar spaces 

that have an edge are characteristically excepted from contemplation.  

There exists a broad spectrum of finite spaces to materialize, such as the 3-sphere and 3-torus that are 

holding zero edges. Mathematically, these astrophysical spaces are revealed as compact spaces which are 

exclusively excluded with the characteristic properties of borders, edges or boundaries wherever the 

appropriate characteristic implicates. The appellation compact means that it is finite in range i.e., bounded 

and complete.  

 

 

The term without boundary stands to support that the interstellar space exists with no boundaries i.e., 

predicting of an infinitely intensified cosmos. Also at the same while, the cosmos is characteristically 

supposed to be a differentially diverse attributes so that the technique of calculus functions prominently in 

this diversely prescribed scenario. A numerically fortified entity influencing all these affluences at the same 

instance and compact without edge and differentiable is named as a confined diversified attribute. The 

discussed examples i.e., 3-sphere and 3-torus are mutually sealed manifolds.  

If space were infinite i.e., the geometry of the visible interstellar space is flat and basically connected, 

disturbances experienced due to the brilliant radiation spectrums accessible in the temperature variations 

across the sky in CMB radiation will transpire on entire measures. Although the interstellar space is 

predetermined, there pre-exists a good number of wavelengths of the radiation spectrum band which have 

been vanished as they are higher than the extent of the celestial space. Graphics of the CMB discomposure 

spectrum radiation band constructed with satellites like National Aeronautics and Space Administration’s 

WMAP and another one, ESA's Planck have shown a striking number of missing disturbances whenever 

measured at large scales structures. The possessions of the experimental instabilities of the CMB illustrates a 

lost supremacy in terms of measures, exterior to the size of the visible cosmos. This indicates that our cosmos 

is multiply-connected and is finite. The spectrum of the CMB acquaintances much improved with a cosmos 

such as a gigantic three-torus, a cosmos connected to itself in the entire three extents.  

9. Curvature of the Cosmos: 

The curvature or bending of the cosmos establishes constrictions on the lying topology of the cosmos. 

As soon as the three-dimensional geometry of terrestrial space is sphere-shaped, i.e., influences positive 

curvature, the topology is compact. For a flat or zero curvature cosmos or a hyperbolic i.e., negatively 

curvature cosmos, the 3-D geometry of the topology can be either compact or infinite. It is cited in numerous 

conceptualized textbooks which inaccurately describe a flat cosmos corresponds to an infinite cosmos 

although, the accurate statement is that a flat cosmos, simply linked infers to an infinite cosmos. For instance, 
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Euclidean space is flat, simply connected, and infinite whereas there exists spaces like tori which are flat, 

multiply connected, finite, and compact . 

In a wide-ranging and universally accepted scenario, local as well as global theorems in Riemannian 

geometry associates the local geometry of the cosmos to the global geometry. If the local geometry is 

possessing continual or persistent curving, the universal comprehensive global geometry is very controlled, 

as designated in Thurston geometries.  

The latest research results demonstrates that even the most influential and dominant future experiments 

will be incapable of illustrating differentiation among flat, open and closed cosmos if the true value of the 

parameter of cosmological curvature is lesser than the value of 10−4. If the accurate value of the parameter of 

cosmological curvature is larger than 10−3 it will be easy to discriminate among these three representations 

even in present days.  

Ultimate consequences of the Planck mission, liberated in the year 2018 illustrates about the parameter 

of cosmological curvature as 1 − Ω = ΩK = −Kc2/a2H2 to be 0.0007±0.0019, coherent with the geometry of a 

flat cosmos i.e., positive curvature: K = +1, ΩK < 0, Ω > 1, negative curvature: K = −1, ΩK > 0, Ω < 1 and 

zero curvature: K = 0, ΩK = 0, Ω = 1.  

In a cosmos with zero curving, the local geometry is flat. The most understandable universal 

constitution is that raising due to space of Euclide which is infinite in expanse. Flat cosmos that are finite in 

magnitude comprise the torus and Klein bottle. Furthermore, in the case of three-dimensional manifolds, there 

exists 10 finite sealed flat 3-dimensional manifolds of which 6 are orientable and 4 are non-orientable. These 

are the Bieberbach manifolds. The most acquainted is the above-discussed 3-torus cosmos.  

In the nonappearance of dark energy, a flat cosmos inflates endlessly whereas at a repeatedly slow 

down rate, with extension asymptotically forthcoming to a value of zero. With dark energy’s assistance, the 

extension frequency of the cosmos primarily decelerates under the effect of gravity but resulting with an 

ultimate intensification. The final providence of the cosmos is identical with an open cosmos. Thus, a flat 

cosmos can have zero total energy.  

10. Perception of a Universe Unveiling Positive Curved Geometry: 

The geometrical interpretation of a positively curved universe is depicted by means of elliptical 

geometry and can be supposed of as a 3-D hypersphere or some other sphere-shaped 3-D assorted structures. 

An example for this can be mentioned as the Poincaré dodecahedral space which are quotients of the 3-D 

sphere.  

The geometrical definition of Poincaré dodecahedral space is comprehended as a positively bent 

geometrical space, conversationally designated as soccer ball-shaped, since it is illustrated as the quotient of 

the 3-sphere depicted by means of the binary icosahedral assemblage which is extremely adjacent to the 

icosahedral regularity or symmetry, the regularity of a soccer ball. This theory was propositioned by the person 

named Jean-Pierre Luminet and his colleagues in the year 2003 and consequently an finest alignment on the 

sky for this relevant archetypal was appraised in the subsequent year 2008.  

11. Conception of a Universe Reinvigorated with the Grace of Negative Curvature: 

The mathematical interpretation of a hyperbolic universe can be summarized is a geometrical portfolio 

satisfying the geometry of a negative spatial curvature, plunging under the category of hyperbolic geometry 

and can be provoked as a locally geometrized three-dimensional correspondent of an infinitely stretched 

saddle shape. There are a prodigious diversity of hyperbolic 3-D diverse manifestations and their cataloguing 

is not entirely comprehended. Those of finite volumes can be presumed through the Mostow Rigidity 

Theorem. For illustrating hyperbolic local geometry, lot of the probable three-dimensional spaces are 

unceremoniously entitled as horn topologies due to the shape of the pseudosphere which is a canonical model 

of hyperbolic geometry. An example of this is the Picard horn, a negatively curled space, informally described 

as funnel-shaped.  
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12. A Note on Curvature- Open or Closed: 

When questions circulate in the minds of the cosmologists regarding the ultimate shape of the cosmos 

as being open or closed, the astrophysicist most generally referred to the question regarding whether the 

curvature of the cosmos is exhibiting negative or positive curves accordingly. These denotations of open and 

closed are dissimilar from the mathematical definition of open and closed concepts used for sets in topological 

spaces and for the mathematical interpretation of open and closed diverse structures that leads to indistinctness 

and disorganization. In mathematics, there are a good number of definitions for a closed manifold e.g., 

compact without boundary and open manifold i.e., one that is not compact and without boundary. A closed 

universe is unavoidably a closed manifold. Additionally, an open cosmos can be manifested with two 

possibilities such as a closed or open diverse structures. In this context, we can think about the Friedmann–

Lemaître–Robertson–Walker (FLRW) model of the cosmos where the universe is contemplated to be without 

boundaries where the geometrical scenario compact cosmos describes about  a cosmos which is a closed 

manifold.  

13. Inferences Sketched with the Assistance of Milne Model as an Expounding of hyperbolic expansion: 

If some space researcher pertains Minkowski space-based special relativity in demonstrating the 

enlargement of the cosmos, without the recourse of the perception of a bent spacetime then Milne model is 

the best plausible substitute to all likelihoods. Any spatial section of the observable cosmos of a persistent 

stage of development which states the appropriate stretch interceded from the Big Bang phenomenon 

displaying a negative curvature which is just a pseudo-Euclidean geometrical statistic analogous to the one 

that refers to the concentric provinces in the flat Euclidean space that are on the other hand curved. Spatial 

geometry under such scenario is a model, is an unbounded hyperbolic space. The entire cosmos under the 

study of this model can be demonstrated by implanting it in Minkowski spacetime in which circumstance, the 

cosmos is encompassed to privilege the corresponding edifice of a forthcoming light cone of  Minkowski’s 

spacetime. The Milne model under such stance is nothing but the imminent interior of a light cone and the 

light cone itself is the Big Bang phenomenon.  

For any predefined state of time where time always takes positive values i.e.,  t > 0 which is an element 

of coordinate time assumed within the Milne model, presumptuous to the Big Bang cosmology, having the 

initial time of happening the phenomenon is time t = 0, any cross-section of the cosmos at persistent value of 

time t in the Minkowski spacetime, bounded by a sphere of radius defined by the equation ct = ct'. The 

ostensible paradox of an infinite cosmos confined within a sphere is a consequence of the incongruity between 

coordinate systems of the Milne model and the Minkowski spacetime in which it is entrenched.  

This very model is fundamentally a decadent of FLRW for the value of Ω = 0. It is inharmonious with 

annotations that unquestionably rule out such a large negative spatial curvature. On the other hand, as an 

upbringing stance in which the effective gravitational fields or gravitons can properly function due to the 

effect of diffeomorphism invariance, the space on the macroscopic scale is a counterpart to all other 

conceivable explanations of Einstein's revolutionary indigenous Field equations.  
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