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Abstract

Newton accidentally discovered gravity after observing an apple
falling from a tree. What exactly is gravity? This paper takes a
look at gravity, which evidently remains a subject of mystery.

Interpretations Of Gravity

Einstein had attempted to unify the four forces of nature, i.e.,
gravity, weak nuclear force, strong nuclear force and
electromagnetism, but had failed. As in the past, he was unable
to derive the electromagnetic field equations, even for the weak-
field approximation. He was to live to the end of his life
without any success with the unified field theory.

To arrive at this grand unified theory a better understanding of
gravity would be necessary, e.g., its roles in the micro-world of
the quantum particles and in our macro-world. It is thought that
quantum particles are free from the effect of gravity, which seems
only to have a negligible effect on them, unlike in the macro-
world. Nobel Laureate Richard Feynman had posited that gravity
could be totally unlike what it had been thought to be, thus
possibly making unification with the other three forces
impossible. Feynman had suggested that anti-particles are like
ordinary particles moving backwards in time, which implies that
anti-particles should have anti-gravity. In fact, there is the
belief that there is an anti-gravitational force for every
gravitational force, Jjust as there is an anti-particle for every
particle.

In the Theory of Special Relativity published in 1905, Einstein
introduced the gravitational force which was considered
responsible for the orbits of planets, as was described by
Newtonian gravity. In Newton’s law, gravity was an instantaneous
force which propagated through space infinitely fast. This was
evidently at odds with Einstein’s Theory of Special Relativity
which postulates that nothing can exceed the velocity of light.

In 1915 Einstein published the General Theory of Relativity which
introduced a new theory of gravity that was compatible with the
special theory. In this theory the space-time continuum was
introduced wherein empty space was likened to a flat rubber sheet
which was flexible - a massive object creates an indentation in
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this empty space, or, “rubber sheet” - this indentation is hence
interpreted as a gravitational effect, a curved space-time, a
geometry. In fact, in general relativity massive objects affect
the way space-time curves. The link between an object’s mass and
the space-time curvature can be worked out, which is encapsulated
in Einstein’s all-important “field equations”. In this way
Einstein was finally able to bring gravity in line with
relativity.

Gravitation has always been thought of as a pulling or attracting
force, just like the force of attraction between two magnets.
Gravitation and magnetism may be different manifestations of the
same thing. And, gravity may be a pushing force instead, a force
that presses down on all objects in the direction of the centre
of the earth. In fact, a push is equivalent to a pull, the former
originates at the back of an object while the latter originates
at the front. So far, gravitational forces are seen as forces of
attraction only, while magnetic and electric forces are forces of
attraction and repulsion. There may be a gravitational force of
repulsion.

Gravity, which is crucial in the formulation of a unified field
theory, can be described by the following formula:-

FZGMl M2
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where F 1is the gravitational force of attraction, G 1is the
gravitational constant, M; and M, are the masses of two objects and
R’ is the distance between masses.

Before Newton discovered gravity, nobody had known it existed or
had thought that there was such an attractive force. However,
Einstein in his General Theory of Relativity interpreted it as a
curvature of the space-time continuum, a geometrical form, as is
described above. Can gravity be the fifth dimension, in addition
to the four dimensions of General Relativity comprising of the
three physical dimensions and the time dimension, as Theodor
Kaluza had suggested, which impressed Einstein greatly?

According to Einstein’s theory of gravity, the hypothetical
quantum of gravity, the graviton, which is a spin-2 Dboson,
interacts extremely weakly with other matter, far more weakly than
neutrinos; it is so weak that no instruments so far have been able
to detect it. In the supergravity extension of this theory of
gravity, the graviton finds a superpartner, the gravitino, which
is a spin-3/2 fermion. Under local supersymmetric transformations
these two particles transform one into the other. When guantum
calculations were carried out using supergravity theory, it was
discovered that the infinities which plagued the earlier gravity
theory with only the graviton were now being cancelled by equal
and opposite infinities ©produced by the gravitino. This 1is



evidently the result of the deeper consequence of the presence of
supersymmetry. Though it is not certain whether the supergravity
theory 1s completely renormalisable, this “softening of the
infinities” appears to be a step toward a viable theory of quantum
gravity. As simple supergravity theory includes only the graviton
and the gravitino, this hardly corresponds to the real world with
its many particles. Most of those who have worked on supergravity
feel that some crucial idea is still missing. Without this crucial
idea the theories simply do not describe the real world.

How do we make supergravity theory realistic? If we can solve this
problem, we can have supergravity theory as a completely unified
field theory. It has Dbeen shown that the principle of local
supersymmetry 1is so restrictive that only eight possible
supergravity theories exist, which are each labeled by an integer

N =1, 2 . . . 8. Supergravity theory shares the same features
with 1its progenitor, the Theory of General Relativity, namely,
conceptual power and mathematical complexity. Perhaps, by

postulating the existence of a single master supersymmetry we can
have a unified field theory that accounts for the whole universe.

The following is Einstein’s equation for General Relativity:-
Gim = _K(Tim - l/2g1mT)

This beautiful equation expresses the curvature of space-time. The
left-hand side refers to a set of terms which characterise the
geometry of space, while the right-hand side refers to a set of
terms which describe the distribution of energy and momentum,
i.e., the left is the geometry side, while the right is the matter
side. Reading from left to right is space-time telling mass how to
move, while reading from right to left is mass telling space-time
how to curve. In General Relativity, there 1is neither absolute
time nor space and gravitation is not a force, or, pull between
one object and another but a property of space and time. All this
represents a great conceptual leap by the theory’s creator,
Einstein. As for the coordinate system of Einstein’s General
Theory of Relativity it has no basis in reality and is only a
mental construct used to describe the space-time continuum of the
General Theory of Relativity.

One may wonder when a unified field equation will be discovered.
However, without a good understanding of gravity, this unified
field equation will not come by easily. Once the experimental
confirmation of the existence of the graviton, the hypothetical
quantum of gravity, is achieved, we should be surer of obtaining a
unified field equation that accounts for the whole universe, which
may be supported by the existence of a single master supersymmetry.
Superstring Theory now appears to pave the way towards achieving
this difficult goal.



The search for gravitational waves is still ongoing. The
existence of gravitational waves so far is inconclusive - there
is only indirect evidence of their existence. In the
gravitational effect known as frame dragging, objects occupying
the space near to a rotating object get swept around with it;
rotating objects drag space around with them rather like a spoon
in treacle (syrup). In 2004, scientists analysing data from two
Earth-orbiting satellites apparently found evidence of frame
dragging - they claimed to have detected the minute frame
dragging effect of our planet. There is the possibility of
extracting useful energy from the rotation of our planet. There
is speculation that this could serve as a power source for an
advanced civilisation.

Is Gravity Really What It Is Thought To Be?

Is all the space occupied by us and around us really one
immensely large, flexible sheet of curved space-time as is
posited by the General Theory of Relativity? Or, 1is there an
infinitude of such “flexible sheets”? That is, is gravity just
one flexible sheet of curved space-time or more, perhaps
infinitely more? Earth is a sphere but all of us are evidently
“stuck to this sphere” and do not fall off it. What is the force,
if it exists, which causes this? Will this force be an attractive
or pulling force, or, a pushing force? Can gravity be a kind of
fluid, whether air, gas or liquid? (We can descend, glide or fly
up through the air like how a bird or an aeroplane does. We can
dive into and descend in, surface in, float in, and swim in, a
pool of liquid. All these may be interpreted as manifestations of
“gravitational effect”.) Can gravity be electrical, electronic,
quantum or nuclear? Or, is gravity none of these but something
else, as Richard Feynman had speculated?

It could be any intelligent person’s guess.
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