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Abstract

Similarities can be found in some cosmological models based on the general theory of relativity. One

may For homogeneous and isotropic spacetimes, classify cosmic singularities in view of suggested

schemes by Nojiri and Tsujikava (2005), and, Dabrowski and Denkieuwicz (2009). Many singularities

may be obtained depending to the energy density's behaviour , pressure p and scale factor a.

1. INTRODUCTION:

It is peculiar if a spacetime is inadequate in terms of a timelike or blank geodesic, and it may or may

not be a piece of a comprehensive spacetime. Hawking and Ellis (1973) [1] has presented many

theorems, postulating in general theory of relativity, singularities exist. They primarily consist of an

energy demand, a global structural requirement, and the need that gravitational be sufficient to permit

for the existence of a circular trapped surface. According to Hawking and Penrose (1970) [2, a

spacetime M with Einstein's system of equations may not meet causal geodesic completeness. The

following conditions hold:

(i) There are no circular stream function curves in the spacetime M.

(ii) At all times, the powerful energy criteria must be met, i.e.

 +Pi ≥ 0, i= 1,2,3

(iii) M contains a trapped surface

(iv) Every causal geodesic must satisfy the generality criteria.

As we have taken FLRW spacetimes, so, let us present some properties of spacetimes. The following
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set of properties is a necessary and sufficient condition for a spacetime to FLRW:

(i) With a perfect source, the metric obeys Einstein's equations.

(ii) The perfect fluid source's velocity field has zero rotation, shear, and

acceleration.

(iii) A igneous rock into spacelike hypersurfaces of continuous radius is

permitted by the spacetime.

(iv) The congruence of lines orthogonal to the leaves of foliationare

shearfree geodesics.

(v) The geodesic congruence's expansion scalar has a velocity opposite to the geodesics.

2. The Classification Schemes:

For homogeneous and isotropic space times, cosmological singularities can be classified as

Big Bang/Crunch

a = 0 At a fixed point in time but  diverges.

Type I (Big Rip): In limited correct time, A diverges & both  and diverge. From phantom dark

energy, i.e. matter with an equation of state p , 1. a large rip is obtained. Phantoms break not

only the strong energy criterion, butall other energy situation as well.

Type II (Sudden singularity): and a while p remains fixed, the Hubble parameter remains limited and

diverges. Singularities of this type contradict the dominating energy requirement.

Type III (Finite scale aspect singularity): a stays finite, and p, as well as H and, diverge.

Type IV (Big division): , p, and a stay finite While the rth derivative of a and r 1 derivative

of H remains finite; they diverge for r  3. Type V ( singularity): The bar tropic index's . only

singularity.

 Type I (“Big Rip”) : For t → ts, a → ∞, ρ → ∞ and |p| →∞
 Type II (“sudden”) : For t → ts, a → as, ρ → ρs and |p| →∞
 Type III : For t → ts, a → as, ρ → ∞ and |p| →∞
 Type IV : For t → ts, a → as, ρ → 0, |p| → 0 and higher derivatives ofH diverge.
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The Energy Condition

We must make some assumptions about the nature of the energy-momentum tensor in order to prove

the existence of a singularity; otherwise, we are not applying any physics to the situation. However,

because we know very little about the behaviour of matter under severe conditions, our assumption

should be quite broad. The assumption we'll make is that the energy-momentum tensor Tab of each

kind of matter present obeys-

Wa (Wa Wa = 1) for every time like unit vectors, where T — Ta a.

We'll describe the energy-momentum tensor in an orthonormal frame to gain a sense of what this

entails for stuff with non-zero rest mass. Then we can write-

Z(i)a{i = 1,2,3) are three orthogonal unit space like vectors, and Va is a unit time like vector. In the

three spacelike directions Z(i)a, ß is the energy density in the rest frame of an observer with velocity

Va, and pi is the primary pressure measured in relativistic units. Then, if and only if, µ + p(i) >- 0 (i =

1,2,3), + µ + ∑(i) p(i) >- 0.

Only negative energy densities and large negative pressures are ruled out. The scalar field proposed by

Brans and Dicke (1961) [3] and Dicke (1962) [4] would satisfy it, but not the C-field proposed by

Hoyle and Harlikar (1963, 1964) mentioned in the study of Hawking (1968) [5], which is a field with

negative energy density and can prevent singularities under specific conditions. However, there is a

problem with the possibility of negative energy densities, because nothing appears to impede the

synthesis of two quanta, one of positive energy and the other of negative energy. Even if the cross-

section for this process was modest, the infinite phase space available to the quanta would allow for

the creation of an endless number of such pairings in a finite region of space time.

If the pressures are positive, the energy density of the matter will rise as it is compressed, because the

compression will be doing work on the substance. As a result, the energy density cannot fall below

zero unless the pressure falls below zero first. However, if the pressure falls as the density grows,

mechanical instability results; the pressure will fall in a tiny region that is squeezed by the surrounding
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material, causing the region to become even more compressed. The material would condense into a

stable state consisting of lumps with no negative pressure between them.

It is considered to be singular if a space-time is incomplete in regard to a time like or null geodesic and

cannot be absorbed into a bigger space-time. Hawking and Ellis (1973) [6] established a number of

theorems in general relativity that support the existence of singularities. They are basically an energy

constraint, a structural constraint, and a gravitational strength restriction adequate to support the

continuation of a closed intended surface. A space time M, according to Hawking and Penrose (1970),

cannot concurrently convince causal geodesic completeness and Einstein's field equations. The

following criteria have been met:

a. In space-time M, there are no closed time curves.
b. At each stage, the strong energy criteria must be met, i.e.

(1)
c. M has a surface that is trapped.
d. The generality criteria must be met by every causal geodesic.

Given that we've used FLRW space times, let's look at some of their characteristics. For a space-time

to be FLRW, the following qualities must be present and sufficient:

i. The metric obeys Einstein's equations when the source is perfect.

ii. A perfect fluid source's velocity field is free of rotational, shear, and acceleration.

iii. Foliation into continuous-curvature space, such as hyper surfaces, is enabled by the

space time.

iv. Shear free geodesics are lines orthogonal to the foliation leaves.

v. The geodesic congruence's expansion scalar is gradients tangent to the geodesics.

A THEOREM ON SINGULARITIES

Any spatially homogeneous but anisotropic cosmological model in which expression (1) is satisfied

has a singularity, as has been known for some time (Shepley 1965; Hawking and Ellis 1965) [7].

Penrose, Hawking, and Geroch (1972) [8] have developed a number of more general conclusions.
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Many of these theorems are based on broad assumptions about the nature of space and time that are

impossible to test empirically.

However, the theorem we'll be discussing (Hawking 1967's Theorem II) [9] only makes one such

assumption: global strong causality. This means that each point in spacetime has a tiny neighbourhood

through which no timelike or null curve cuts twice. There are space periods compatible with general

relativity that do not meet this criteria because they contain closed timelike lines and so allow travel

into the past (Gödel 1949) [10].

Such models, however, do not appear to be physically feasible. The theorem could be seen as
establishing either a singularity or a violation of causality (which is worse is a matter of personal
opinion).

It's worth mentioning, however, that another theory (Hawking 1967's Theorem I) [9] reveals that in
some instances, a violation of causality will not prevent the emergence of a singularity.

THE NATURE OE THE SINGULARITY

In reality, the situation in a collapse is quite similar to the Universe's expansion being reversed in time.

In a spherically symmetric homogeneous pressure free star, the metric is identical to that of a

Friedmann universe, the time reversal of the theorem would apply to an approximately spherically

symmetric and homogeneous star that collapsed within its Schwarzschild radius, and we could

conclude that a singularity would occur in such a star without assuming that space time permitted a

non-compact Cauchy surface.

Only a few geodesics hit the singularity in the Kerr solution, which is an extension of the

Schwarzschild solution that includes rotational momentum (Carter 1967) [11]. Second, Lifshitz and

Khalatnikov (1962) [12] discovered that a specific class of spacelike singularities does not arise in

general solutions of the Einstein equations, whereas Grischuk (1967) mentioned in the study of

Hawking, Stephen W, (1968) [13] demonstrated that timelike singularities do.

As a result, there was a collapsing period prior to the current growth. Local inhomogeneities got big as

a result, and isolated singularities appeared. The majority of matter evaded the singularities and re-

expanded, resulting in the present-day Universe.

The degree of homogeneity of the Universe would influence the maximum temperature achieved by
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most of the stuff, as well as the spacing between singularities. Each region that was able to contain and

converge all the past- directed timelike geodesics from some point would experience one of these

isolated singularities.

LITERATURE REVIEW

 With the addition of angular momentum to the Schwarzschild solution, only a few geodesics
reach the singularity (Carter 1967) [11].

 In generic solutions of the Einstein equations, Lifshitz and Khalatnikov (1962) [12]

discovered that a specific class of space like singularities will not occur.

 Timelike singularities can exist in general solutions, according to Grischuk (1967) [13].
 In general relativity, Hawking and Ellis (1973) established a series of theorems supporting the

existence of singularities. They are basically an energy constraint, a structural constraint, and

a gravitational strength restriction adequate to support the continuation of a closed intended

surface.

 The fact that observations of helium content conform with estimations of helium fabrication

by Peebles (1966) [14] and Wagoner, Fowler, and Hoyle (1967) mentioned in Wagoner,

Robert V, 1969 [15], who implied that the Singularity was homogeneous at least originally to

a temp of about 109 ° K, it can provide experimental evidence on the degree of homogeneity

of the Universe and the maximum temperature attained.

CONCLUSIONS -

The current work includes a complete cosmological analysis of homogeneous and isotropic space time.

It is first determined whether a singularity model is viable, and it is discovered that it is possible for a

certain choice of space time emergent scenario. It is further demonstrated that for homogeneous and

isotropic space time, this model is equal to cosmic singularities. Consider the space temporal aspect of

the singularity as well. Singularities can be found in a wide range of general relativity-based

cosmological models. For homogeneous and isotropic space times, I provided examples of cosmic

singularities. It is shown that unique behaviours can be identified based on pressure, energy density,

and scale factor.
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