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ABSTRACT

The General Theory of Relativity GRT) is a theory capable of describing the universe in the presence of gravitational fields, amplifying and generalizing the
concepts involved in the Special Theory of Relativity. It allows us to interpret gravitational fields as a deformation in Minkowski space-time caused by
distributions of matter. Said theory was also able to predict and describe phenomena that Newton's gravitation was unable to explain, such as the deviation in the
trajectory of starlight due to the presence of the sun gravitational lensing) and the more accurate calculation of Mercury's perihelion. The prediction of
gravitational waves, already detected! The GRT also plays a fundamental role in cosmology and with it was possible to describe our expanding universe. This
text intends to present and discuss the main aspects for understanding the GRT.

INTRODUCTION

In the General Theory of Relativity, EINSTEIN® redefines gravity, examining the influence of space and time on the gravitational attraction between
bodies. The basis of the general theory of relativity is the Equivalence Principle, which can be stated as follows: Let us consider two frames of
reference: 1st an unaccelerated inertial frame of reference in which there is a uniform gravitational field and 2nd a uniformly accelerated frame of
reference but in which there is no gravitational field. Accelerated motion in the absence of a gravitational field is indistinguishable from unaccelerated
motion in the presence of a gravitational field. The local effects of gravity are the same as being in an accelerated frame of reference. These two frames
of reference are physically equivalent. This principle also has another formula that equates acceleration with gravity. It is not possible to distinguish, in
a small region of space-time, the difference between the acceleration of an object and the existence of traditionally postulated gravitational force. In this
context, EINSTEINY abandons the Newtonian notion of force and introduces the notion of curved space.Bodies produce a curvature of space around
them, and the greater the mass of the body, the greater the curvature. In other words, for the general theory of relativity, gravity is simply a warping of
spacetime caused by a very massive object. The EINSTEINY Theory predicts that light is also attracted to bodies, but this effect would be small and,
thus, could only be observed when light passed close to massive bodies, such as the Sun. Therefore, large concentrations of matter lead to large
deformations of space-time, from which not even light can escape, an example of this is the existence of Black Holes. Combining special relativity with
quantum physics, quantum electrodynamics EDQ or QED was formulated, which is a relativistic quantum field theory. To complete the studies, it is
necessary to reconcile Quantum Mechanics with the General Theory of Relativity, but the calculations that take these two great theories into account

produce results that are incompatible with physical reality.

Figl- Illustration of the curvature of space-time. Source: https://pt.wikipedia.org/wiki/Espaco-tempo



https://pt.wikipedia.org/wiki/Espaco-tempo
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In general, there is a substitution of the four-dimensional mathematical space from the Minkowski geometry of Special Relativity to the Riemann
geometry of General Relativity. Minkowski geometry ¥ adds a fourth axis to the space-time continuum, Riemann geometry curves all four axes. To

explore the issues inherent to the theory of relativity, one must study the Schwarzschild metric.

METRIC

The relationships that provide the distance between two points in space, like the expressions for “ds” that we obtained in this text, are called “metrics”,
thus allowing us to obtain distances in a given geometry. Using the metric one can define notions such as distances, volume, angles, past, future and
curvature. As can be deduced from the text by BERGMANN?, in general relativity the metric tensor, or simply metric, transmits all information about
the causal and geometric structure of space-time, being considered a second-order tensor field that describes the curvature of space-time.General
Relativity especially is focused on finding the metric for a given configuration of matter and then calculating the properties of that metric and how other
issues will behave when under the influence of that metric. As gravitation is seen in the General Theory of Relativity as a result of curvature, the metric
tensor is closely related to the gravitational field. It is common to think of metric as something that comes along with spacetime itself; integral part of
its description, no less fundamental than space or time. The metric tensor is a feature of a coordinate system that, among other things, describes how
distances are measured in that coordinate system. The proposition of a metric for special and general relativity makes it possible to determine the
movement of particles. We can introduce the concept of metric as follows: in the usual Euclidean space, that is, the three-dimensional space that, in a
Cartesian coordinate system x, y, z) gives the distance As between two points separated by A x, Ay, Az) the following value
As)? = AX)? + Ay)? + Az)?
As we read in CAMENZIND?, in the case of infinitesimal distances we have
ds)? = dx)? + dy)? + dz)°
If we are working in another coordinate system, such as, for example, the cylindrical z, r, ¢) or spherical r, 6, ¢) system, this would be written,
respectively,
ds? = dz* + dr® + r? d¢?
ds? = dr? + r’[d6? + sen’  d¢?]
If we were in the context of special relativity, in which time is also considered as a coordinate, we would have the Minkowski metric, given by
ds)? = dx) + dy)? + dz)? — c?dt?
Let us see, then, how we can write the metric for the specific case of a black hole. Let us assume, for simplicity, that the generated spacetime is static,
so that the metric cannot depend on time, as well as spherically symmetric, following the treatment given by VISSER®, we can, in this way, write the

metric as

ds? = —e®dt? +

dr? + r%d6? + sin?0d¢?)
1-bn
r
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Figure 2 represents the variables r, © and ¢ used in the previous equation
Source: disciplinas.ist.utl.pt/qgeral/biomedica/eq_schro.doc

The general theory of relativity also predicts the existence of gravitational waves, which are ripples in the general geometry of space and time produced

by moving masses. Fluctuation of spacetime curvature that is propagated as a wave.
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EINSTEIN FIELD EQUATIONS

In 1915, TONG 5) had developed the so-called Einstein Field Equations. The Einstein field equations are

8nG
R, -Y%Rg =

O 4 Tat
c

Essentially, the equation tells us how a given amount of mass and energy warps spacetime. The left side of the equation,
1
Rur: - ER‘(}“H'

describes the curvature of spacetime whose effect we perceive as the gravitational force. It is the analogue of the F term on the left side of Newton's
equation F = G%). On the other hand, the term T,v on the right side of the equation describes everything there is to know about the way mass,

energy, momentum, and pressure are distributed throughout the Universe. It is like the term in Newton's equation, though much more complex than
that. All these things are needed to figure out how space and time bend. The technical term T,v is the energy-momentum tensor. The constant G that
appears on the right side of the equation is Newton's constant and c is the speed of light. And as for the Greek letters .ev that appear as subscribed? To
understand® what they mean, first note that spacetime has four dimensions. There are three dimensions of space and one dimension of time, the said
Greek letters indicating each of these four dimensions and their various combinations. The Greek letters pu and v are indices, which can take the values
0,1, 2 or 3. So, in fact, the above equation hides an entire collection of equations corresponding to the possible combinations of values that such indices
can receive. The value of 0 corresponds to time and the values 1,2 and 3 to the three dimensions of space.

For example, *:

1 8r G _ 1 Eoee
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And so on.
Like each of ,ev can take on four values, this gives a total of 4 x 4 = 16 equations. However, the equation ,—iev = j is the same as the equation -
ev = iThis reduces the total number of equations to ten TONGS5)). That is, what looks like an equation is actually a set of ten coupled nonlinear partial
differential equations. They cannot be resolved separately. It is very difficult to solve Einstein's equations in any kind of generality, and it is usually
necessary to make some assumptions and simplifications. To solve these equations, we can break them down into simpler equations. One of the
simplifying assumptions assumes that the metric has a significant degree of symmetry, which considerably facilitates solving the equation. That is, the

best simplification is to use a metric that has symmetric properties. With the introduction of the cosmological constant we have

St
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In this equation we have that: R, is the Ricci curvature tensor, R is the scalar curvature, g, is the metric tensor, which specifies the geometry of space-

time, A is the cosmological constant, G is Newton's gravitational constant, ¢ is the speed of light in vacuum and T, is the voltage-energy tensor.

STATIC OR EXPANDING?

EINSTEINY assumed that the universe was static and unchanging and added the cosmological constant to his equations to contain gravity so that his
equations had a solution that agreed with the static model. It was a way of counterbalancing the attractive effects of gravity on ordinary matter, which
would otherwise cause a static and spatially finite universe to collapse or expand forever. Einstein's static model was the first relativistic cosmological
model and, in addition to being static, it was finite with spherical spatial symmetry. This model, currently considered outdated, corresponded to a very
convenient origin of a series of theoretical proposals that aimed to understand the general structure of the universe, from the point of view of space and
time. However, according to DAMINELI®, after some time, Hubble proved that the universe is indeed expanding, so it is not static, a fact that led
Einstein to reject his own suggestion. But much has changed and currently, the cosmological constant can be interpreted as the “energy density of
vacuum”, a source of energy and momentum that is present even in the absence of matter fields. This interpretation is important because quantum field
theory predicts that a vacuum must have some kind of energy and momentum. Therefore, the existence of a cosmological constant is therefore

equivalent to the existence of a non-zero vacuum energy. | would never think about it. What a great idea!

WHAT'S WRONG WITH GENERAL RELATIVITY?

This text is based on the article by FREIBERGER?, which begins by saying that general relativity correctly describes what we observe on the scale of

the solar system and everything works wonderfully on this scale and has been tested. Problems arise when we look at the Universe on very small or
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exaggeratedly large scales. The problem is that general relativity cannot be easily quantified; we cannot find a quantum counterpart in the same way
that we find electromagnetism. In fact, the problem of finding a quantum theory of gravity is so challenging and so important that many consider it one
of the biggest problems in modern physics. Another mystery arises when we look at the Universe as a whole. We know that the Universe is expanding,
that is, stars and galaxies are moving away from each other, and observations of distant objects have also shown that this expansion is accelerating.
General relativity cannot explain what causes this acceleration. So we must admit that there is a mysterious form of energy that drives acceleration,
called dark energy. Quantum physics offers an explanation for dark energy FREIBERGER™). According to this theory, a vacuum does not really exist
in the sense that we generally understand it as empty space. Instead, particles constantly pop in and out of existence, resulting in a vacuum energy, an
energy of space itself, that may be driving the accelerated expansion. There is a number that measures this vacuum energy, called the cosmological
constant, whose value the study of particle physics, can estimate. The problem is that this estimated value is higher than what the observations suggest.
The values, both observed and theoretical, show a huge difference, so remarkably large that something is wrong. These two problems, dark energy and
the need to quantify gravity, provide some of the motivations for us to continue to study general relativity. In relation to black holes, we can understand
that, theoretically, there is a singularity identified by the fact of having a point mass of zero volume and, therefore, infinite density. It is a physical
impossibility and is, according to the theory, at the center point of a black hole. So it follows that black holes themselves are physical impossibilities.
According to this solution, under certain conditions, the mass will undergo an irreversible gravitational collapse that leads to a singularity, creating an
event horizon within which only Hawking radiation can escape. We believe that it is not the theory of relativity that is wrong, but what may be wrong is
the physical interpretation of it in relation to certain phenomena, and many researchers think it is incomplete. It is a classical theory, so it ignores any
quantum aspect, so phenomena such as dark matter are, in the view of other scientists, points that indicate deficiencies in general relativity REDD®);
FERREIRA?).

FINAL CONSIDERATIONS

According to SCHUTZ?, Einstein's equations are very difficult to solve, so supercomputers are needed to find solutions and propose new solutions.
One of the great challenges today is figuring out what happens to space-time when two very heavy objects, such as black holes, collide. How do we
know that Einstein's theory is correct? In the hundred years since its publication, the theory has passed every test it has been subjected to. Despite its
slightly esoteric nature, it is crucial in things most of us rely on a daily basis, like the GPS features on our smartphones and the sat nav devices in our
cars. The theory opens up some new questions, which is why some physicists feel it needs to be modified. But whether or not this is really necessary,
there is no doubt that general relativity is one of the most amazing achievements in the history of science. Einstein's general theory of relativity is the
foundation for our understanding of black holes and the Universe at its largest scales. In general relativity, the Newtonian concept of gravitational force
is abolished, being replaced by a new notion, that of the curvature of space-time. This in turn leads to well-tested predictions of phenomena such as the
bending of light and gravitational time dilation, and others, such as gravitational waves, which are only now entering the direct detection regime.
Einstein's equivalence principle is the basis for arriving at the GR field equations, which allows the application of general relativity to stellar collapse,
neutron stars, black holes, gravitational waves, and cosmology. Regarding the black hole, we can say that it is a large body of matter that is so dense
that almost nothing can escape its gravitational pull, at a certain distance, known as the Schwarzschild radius. We said next to nothing because
ELERT mentions that the Hawking effect is the first combination of quantum theory with general relativity, he says that when considering quantum
effects, a black hole radiates like a blackbody at temperature :

_ Bt
TSk GAM

In the above formula, T is the temperature, h is the Planck constant, ¢ is the speed of light, G is the gravitational constant, k is the Boltzmann constant,
and M is the mass of the black hole. Probably, in a next article, we will discuss in more depth, the relationship of Hawking radiation with the black
hole. In our view, there must be a theory between M.Q and R.G that can answer certain questions as a limiting case of both. That is, they are not wrong,
but they are valid in your domain. See that in fluids turbulence is not yet adequately answered. In general relativity gravity is not a force as we are used
to thinking. And what then? Gravity represents a distortion of space caused by the distribution of mass via curvature, that is, the greater the mass of a

system, the greater the curvature and, therefore, the manifestation of acceleration.

BIBLIOGRAPHIC REFERENCES

1. EINSTEIN, A. - The collected papers.The Foundation of the General Theory of Relativity, English translation of selected texts
by Alfred Engel translator, Princeton University Press, 1997, text available in
https://web.archive.org/web/20120204074848/http://www.alberteinstein.info/gallery/pdf/CP6Doc30_English_pp146-200.pdf, access in
14/04/2019.


https://web.archive.org/web/20120204074848/http:/www.alberteinstein.info/gallery/pdf/CP6Doc30_English_pp146-200.pdf
https://web.archive.org/web/20120204074848/http:/www.alberteinstein.info/gallery/pdf/CP6Doc30_English_pp146-200.pdf

International Journal of Research Publication and Reviews, Vol 3, Issue 7, pp 3956-3960, July 2022 3960

2. BERGMANN, T.S. — Cosmologia e Relatividade. Translation of Chapter 3 of Barbara Ryden's book, Introduction to Cosmology.
Text available inhttps://docplayer.com.br/59646042-Fis-cosmologia-e-relatividade.html, access in 26/06/2019

3. CAMENZIND, M.- Modern Cosmology. Text available in http://www.lsw.uni-
heidelberg.de/users/mcamenzi/Ex2_Sol_2010.pdf, access in 30/05/2019

4. VISSER, M., Lorentzian Wormholes: From Einstein to Hawking, AIP Series in Computational and Applied Mathematical
Physics, American Institute of Physics, Woodbury, NY, 1995).

5. TONG, D.- What is general relativity? Plus Magazine, text available in https://plus.maths.org/content/what-general-relativity,
access in 30/05/2019.

6. DAMINELLI, A. - Hubble — The expansion of the Universe. 1st edition Sao Paulo: Odysseus Publisher, 2003.

7. FREIBERGER, M.- Problems of gravityy What's wrong with general relativity?, available in

https://plus.maths.org/content/problems-gravity, access in 30/05/2019.

8. REDD, N.T - Einstein's Theory of General Relativity, Science & Astronomy, Site Space.com, available in
https://www.space.com/17661-theory-general-relativity.html, access in 20/06/2019

9. FERREIRA, P. - General relativity,New Scientist text available in https://www.newscientist.com/round-up/instant-expert-
general-relativity/, access in 20/05/2019

10. SCHUTZ., B.F.- A first course in general relativity, Publication Cambridge ; New York : Cambridge University Press, 1985.

11. ELERT, G. - General Relativity in The Physics Hypertextbook, site hypertextbook.com, available inhttps://physics.info/general-
relativity/, access in 13/05/2019


https://docplayer.com.br/59646042-Fis-cosmologia-e-relatividade.html
https://plus.maths.org/content/what-general-relativity
https://plus.maths.org/content/problems-gravity
https://www.space.com/17661-theory-general-relativity.html
https://www.newscientist.com/round-up/instant-expert-general-relativity/
https://www.newscientist.com/round-up/instant-expert-general-relativity/
https://physics.info/general-relativity/
https://physics.info/general-relativity/

