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PREFACE
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There is a need for a book on a Quantum Theory of Gravity that is not directed at specialists but, rather, sets out the concepts underlying this subject for a broader scientific audience and conveys joy in their beauty. Balungi has written with this goal in mind, and has succeeded admirably. This wonderful and exciting book is optimal for physics graduate students and researchers. The physical explanations are exceedingly well written and integrated with formulas. Quantum Gravity is the next big thing and this book will help the reader to understand and use the theory

Balungi Francis
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​Introduction
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The development of a quantum theory of gravity began in 1899 with Max Planck’s formulation of “Planck scales” of mass, time, and length. During this period the theories of quantum mechanics, quantum field theory and general relativity had not yet been developed, which means that Planck himself had no idea about what he had just developed, “Behind the Black board”. Planck was not aware of quantum gravity and what it would mean for physicists. But he had just coined in formula one of the starting point for the holy grail of physics.

After P.Bridgman’s disapproval of Planck’s units in 1922, Albert Einstein having published the General Relativity theory, a few months after it’s publication he noted that “to the intra-atomic movement of electrons, atoms would have to radiate not only electromagnetic but also gravitational energy if only in tiny amounts. As this is hardly true in nature, it appears that quantum theory would have to modify not only Maxwellian electrodynamics, but also the new theory of gravitation”. This showed Einstein’s interest in the unification of Planck’s quantum theory with his newly developed theory of Gravitation.

Then in 1933 came Bronstein’s cGh-plan as we know it today. In his plan he argued a need for Quantum Gravity in this statement “After the relativistic quantum theory is created, the task will be to develop the next part of our scheme that is, to unify quantum theory (h), special relativity (c) and the theory of gravitation (G) into a single theory”. Thus the theory of quantum gravity is expected to be able to provide a satisfactory description of the microstructure of space time at the so called Planck scales, at which all fundamental constants of the ingredient theories, c (speed of light), h ( Planck constant) and G ( Newton’s constant), come together to form units of mass, length and time. 

Therefore the need for the theory of quantum gravity is crucial in understanding nature, from the smallest to the biggest particle ever known in the universe, for example “we can describe the behavior of flowing water with the long- known classical theory of hydrodynamics, but if we advance to smaller and smaller scales and eventually come across individual atoms, it no longer applies. Then we need quantum physics just as a liquid consists of atoms” (Daniel Oriti), he  imagines space to be made up of tiny cells or atoms of space, and a new theory of quantum gravity is required to describe them fully”. 

The aim of this book is to develop a theory capable of explaining the quantum behavior of the gravitational fields and thereafter explain the problems involving the combination of very high energy and very small dimensions of space, such as the behavior of Black holes and the study of the properties of the early universe.

One of the major problems in developing a quantum theory of gravity lies in calculating and finding an expression for the precise acceleration of particles on a quantum scale. The problem is important in calculating various limiting cases for both the theory of quantum gravity (at the Planck epoch) and the theory of quantum electrodynamics. As we shall see, all the calculations undertaken in the process lead us to one thing, a consistent quantum theory of gravity. I am not sure whether I have deduced in principle the quantum theory of gravity but I will leave it to the reader and the entire physics community to decide.  To differ from Newton’s laws of motion and Einstein’s theory of general relativity, our acceleration will depend on the dimensionless coupling constant which determines the strength of the force in any given interaction as,

[image: image]

Where, c is the constant speed of light, e is the charge on an electron, α is the dimensionless coupling constant, ε is the permittivity of free space and G is the universal gravitational constant.

Various examples have been given below in which the theories of quantum gravity and quantum electrodynamics will act as limiting cases,

(1)For example, where the quanta exchanged between two electrons is a photon in case of the electromagnetic force we have the electromagnetic coupling constant or the fine structure constant as, [image: image] which deduces the acceleration to, [image: image]. This is the allowed maximum acceleration for quantum gravitational effects at the Planck epoch. But for the case where the quanta exchanged between two electrons is a graviton for a gravitational force, we have the gravitational coupling constant as, [image: image]  which gives the acceleration on a quantum electrodynamics scale as, [image: image].

(2)Then the minimal radius to which a gravitating body or an electron can collapse in a commoving frame can also be deduced as,  If we equate Newton’s law of universal gravitation to our newly developed force as, [image: image]We obtain the area as,  [image: image] then for [image: image], as in the first example, we obtain the minimum radius for a charged particle for quantum gravitational effects as, 

[image: image]=[image: image], or[image: image], where [image: image] is the Planck length. Then the fine structure constant will be calculated as, [image: image] Hence solving one of the unsolved problems in physics.

But for [image: image], we obtain the minimal radius due to torsion in the gravitational field as, [image: image] .

(3) On another note, we could derive the mass formula only if we equate the force [image: image] to our force formula [image: image], then the mass expression is deduced as [image: image]  This gives the Planck mass at [image: image], Also the mass that incorporates all the constants of nature when[image: image] is deduced as, [image: image]=[image: image]. This could be the mass of the graviton.

(4)Then from Einstein’s proposal for the radiation of the gravitational energy, we have an expression for energy as, [image: image], Where R is the radius of orbit of an electron around the nucleus of an atom, for [image: image] , and [image: image] we obtain the maximum energy as,[image: image]. This is the Planck energy at the Planck epoch. 

But for  [image: image] and [image: image] we obtain the energy possessed by an electron of mass m in the electromagnetic field as,[image: image], Then at the Planck epoch when [image: image] (the Planck mass), the energy required to accelerate an electron in the gravitational field will be given by,[image: image].In the case where the energy of the quantized states of the hydrogen atom  [image: image] , is equated to the energy of [image: image], we obtain a crucial relationship between the fine structure constant and the principal quantum number n, as[image: image]. Then the smallest quantum number that will give the value of the fine structure constant will be given by, n=[image: image]. This is the lower limit for the quantum theory. 

Then on the quantum gravitational scale, in which the Bohr’s quantized energy is equated to our energy [image: image], we obtain the relationship between the principal quantum number n, the gravitational coupling constant [image: image]and the fine structure or the electromagnetic constant [image: image] as, [image: image] or [image: image]. This value implies an upper bound on the energy states for a combined theory of gravity and quantum mechanics between two protons. 

(5)Last but not least, we could write a modified Unruh- Davis effect as, [image: image], when it is equated to the Hawking temperature effect [image: image], where is the curvature of space, we obtain the curvature as, [image: image], then for [image: image], we obtain the maximum curvature for quantum gravitational effects as, [image: image]. But when[image: image], we obtain the curvature for quantum electrodynamics effects as, [image: image].
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​CHAPTER1:The Study Of Gravitational And Electromagnetic Radiation Intensity On a Quantum Scale as a Basis For the Development of the Theory of Quantum Gravity.
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Albert Einstein was one of the physicists who attempted to develop a classical unified field theory but in vain. Other mathematicians and physicists who have attempted like Einstein to develop a unified field theory include among the many Hermann Weyl, Theodor Kaluza and R. Bach, but due to the continual development of quantum theory and the difficulties encountered in developing a quan-tum theory of gravity most of the physicists have gave up working on the unified field theories as of date.

Although most of the scientists have abandoned classical theories, still they remain the only means through which the quantum theory of gravitation can be created and thereafter be unified with the other fundamental theories in physics as this book directs. 

At present, one of the deepest problems in theoretical physics is harmonizing the theory of general relativity, which describes gravitation, and applications to large-scale structures (stars, planets, galaxies), with quantum mechanics, which describes the other three fundamental forces acting on the atomic scale. However there is a connection between the fundamental forces of electromagnetism and gravitation through which the quantum theory of gravity can be created. This connection is based on two rules, 1) the fundamental significance of the finite and invariant velocity of light in inertial reference frames in the special theory, and 2) the reliance of the general theory of relativity upon the special theory of relativity locally in space-time. The connection between the fundamental forces of electromagnetism and gravitation follows immediately from these two points (Douglas M. Snyder).
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