arXiv:gr-qc/0504083 v6 12 Nov 2005

COMMENTS ON SPACE-TIME

K. Ghosh^∗ A.L - 123, Sector -2, Bidhan nagar, Kolkata-700 091, India.

I. ABSTRUCT

What happens to the uncertainity relations along the process of gravitational collapses ? What is the position-space wave function of two finite volume massive bosons if we take contact interaction into account? What is the microscopic explanation in terms of particle exchanges of the force in the Casimir effect? What is the mechanism of the collapse of the momentum-space wave function of a particle knocking out an elctron from an atom? What is meant by |Ψ >= c_1(t)|Ψ_U 238 > +c_2(t)|Ψ_{T h}234 > ?

∗E-address: kaushik@theory.saha.ernet.in

II. INTRODUCTION

During the last few decades a lot of efforts had been devoted to unify the general theory of relativity (describing the gravitational interaction) with quantum mechanics (describing the microscopic interactions of the elementary particles). Yet the conventional theory of quantum mechanics, based on unitarity and symmetries, is contradictory with general relativity in many respects, e.g. , formally infinite zero point energy associated with canonical quantization scheme, ultraviolet divergent energy density associated with vacuum fluctuations [1] for collapsing physical systems, unitarity violation for black hole evolution.

To unify these two descriptions of nature we can procced along two directions [2] : For the Euclide school space-time geometry is an abstruct concept which exist irrespective of matter fields. For the non-Euclide school space-time does not exist independent of matter fields. Space-time is form of existence of matter and can not be concieved without matter. This feature is even more transperent from the facts, among others, that the universe is compact and there is no well-defined stress-tensor for gravity interwinding matter fields and space-time geometry [3].

In the context of the general theory of relativity the conflict between the two schools arise in the following way:

As soon as one derives the geodesic deviation equation from the principle of equivalence one “can” forget the source, ascribing the relative accelaration of the nearby geodesics to the space-time manifold. This, in contradiction to the philosophy of general relativity, leads to think that the space-time manifold is more fundamental leading to the concept of quantum gravity irrespective of existence of the corresponding sources that will produce the fluctuating geometries (no source indicates no space-time geometry and observationally, quantum fluctuations in matter fields are negligible to produce significant perturbations to the space-time geometry).

Quantum gravity also led to many space-time geometries which are physically nonexistent. One such example is the extreme Reissner-Nordstrom black hole which cannot be obtained through any realistic gravitational collapse [ ]. It also has vanishing Hawking temperature as the Hawking radiation through pair production near the black hole event horizon is not possible (the metric do not change its signature across the horizon).

We should keep in mind that the Einsteins equations in the regime of its validity determine the space-time geometry: the geometry of space-time as a whole is determined by corresponding matter fields described by a proper quantum theory. This gives a particular cosmology (the closed universe picture) and if we view cosmology as a whole there is really no test body.

We will now consider some aspects of the black hole space-time geometry. In the process of gravitational collapse an event horizon, the black hole event horizon, is formed breaking the global CP invariance and giving rise to the Kerr-Newman families of black holes(the no hair theorems). The black hole event horizon may be defined as the causal boundary of the set of complete time-like geodesics which originates at the past time-like infinity and terminate at the future time-like infinity. The black hole space-time may be described either in terms of the Schwarzschild coordinate system or in terms of the Kruskal-Szeckers coordinate system. In the Schwarzschild coordinate system the black hole event horizon is a two dimensional fixed point set of the time-like Killing vector field across which some of the metric components change sign. In the Kruskal-Szeckers coordinate system the event horizon is a two dimensional null surface across which the square of some of the coordinates change sign.

The Schwarzschild solution was originally derived for a spherically symmetric star. The solution is completely well behaved both outside and inside the star. It is expected that irregularities will arise when we extend this solution to describe the Schwarzschild black hole. The first one is the black hole event horizon (r = 2M) as is evident from the Schwarzschild metric:

ds^2 = −(1 − 2M r )dt^2 + (1 − 2M r )^{−1}dr^2 + r^2dΩ^2 (1)

This is referred to as a coordinate singularity and is removed in the Kruskal-Szeckers coordinates:

ds^2 = (32M^3/r)e^{−r/2M} (−dv^2 + du^2) + r^2dΩ^2 (2)

These two coordinate systems are related by the following transformation equations [4]:

u = (r/2M − 1)^{1/2}e^{r/4M} cosh(t/4M) (3)

v = (r/2M − 1)^{1/2}e^{r/4M} sinh(t/4M) (4)

valid for r > 2M, and

u = (1 − r/2M)^{1/2}e^{r/4M} cosh(t/4M) (5)

v = (1 − r/2M)^{1/2}e^{r/4M} sinh(t/4M) (6)

valid for r < 2M.

It is evident from the coordinate transformation equations that the transformation coefficients are singular on the black hole event horizon and consequently the two coordinate systems are not diffeomorphically equivalent and do not represent the same space-time taken as a whole. Cosequently, it is not obvious how to describe the space-time evolution of the complete gravitational collapse of matter fields as a whole in terms of time-like curves as, for a Schwarzschild observer, the time-like curves suffer a discontinuity across the horizon and become space-like inside the black hole event horizon. It is welknown that expressed in terms of the Schwarzschild coordinates the black hole event horizon has profound impact on the quantum description of matter fields and black hole evaporation through Hawking radiation makes the space-time dynamic.

In a gravitational collapse once the collapsing body crosses the horizon it collapses to form the space-time singularity breaking the description of space-time in terms of continuous manifolds and the local symmetries. We can only characterize the presence of of the spacetime singularity in a diffeomorphism invariant way, in terms of the curvature invariants along the space-time curves which cross the event horizon and necessarily terminate along the space-time singularity. The formation of black hole event horizon can be characterized through the formation of trapped surfaces. The gravitational collapse and the cosmological evolution are the only two processes in nature through which a three dimensional physical system collapses to zero volume (forming the space-time singularity).

Einsteins equations break down at the space-time singularity. This is something similar to electrodynamics. We can determine the electric field for a point charge using the Maxwells equations. But the field strength diverges and classical electrodynamics break down at the point charge (the corresponding quantum theory QED is not a resolution to this problem. It has its troubles associated with the point-like interaction terms). The formation of space-time singularity is associeted with finite volume to zero volume transition for the corresponding collapsing body and the richest structure that we can attribute to zero volume is that of an analogue of (compact) three dimensional generalization of the Cantor set [5,6] provided we generalize the description of the collapsing matter field through a proper quantum theory [generalization of the Pauli exclusion principle].

There are two ways that one can reach zero volume from finite volume breaking the continuous topology of space-time manifold. One is through the point contraction mapping which requires an infinite number of iterations (correspondingly, although time is a continuous parameter the finite age of the universe indicates that the creation of the universe may be a discontinuous process). The other one is through the formation of an analogue of the Cantor set (or any other discrete manifold with different cardinality) in which case the underlying physical processe to achieve zero volume will be discontinuous. A discrete manifold may not always form a normed vector space, e.g, the set of points (n + x) on the real line, where n is an integer and x is a fractional number, can not form a normed vector space as the difference between two points do not belong to the set. Also it is not physically obvious to talk of causal structure, defined through propagation of signals, in a discrete manifold unless the manifold is space-like and frozen in time (which is defined through physical processes).

To describe cosmological evolution and black hole evolution we will have to generalize and geometrize conventional quantum mechanics in a suitable way. In these respects the principal obstacles, as discussed, towards unifying the general theory of relativity and conventional quantum mechanics is the concept of diffeomorphism invariance associated with the general theory of relativity and unitarity associated with the conventional quantum mechanics.

The facts that the continuous topology of space-time break down at the space-time singularity (indicating no well-defined observables associated with spacial transformations for the evolving or collapsing matter fields in the near zero volume region) and that nature choses a particular cosmology lead us to conclude that diffeomorphism invariance (which for large scale structure of space-time is equivalent to invariance under coordinate transformations) is not of so important (as it is for solar system microscopic physics) concern for the corresponding physical laws. Rather the fact Schwarzschild coordinates and the Kruscal- Szeckers coordinates are not diffeomorphically equivalent indicates that an appropriate choice of a suitable coordinate system is most important. However we can express the generalized quantum theory in covariant form. This will help us to compare the generalized quantum theory with solar system quantum physics where the physical laws are invariant under inertial transformations and are formulated in a covariant way under the corresponding coordinate transformations.

To generalize the conventional quantum mechanics we should take into account the following important aspects:

(1) Special relativity broke the concept of dimension for ordinary objects. The strong curvature effects near the space-time singularity will spoil the concept of dimension for the elementary particles.

(2) Quantum mechanics is the mechanics of quantum states which do not exist independent of their realizations at least in principle, i.e, interactions with other quantum states as long as the continuous structure of the space-time manifold holds. For solar system physics particles are observed space-time representations of the quantum states through external human perceptions.

(3) Every measurement process through state reduction is a non-unitary operation on the space of quantum states [7]. Near the space-time singularity the strong carvature will destroy the description of matter fields in terms of a unitary quantum theory.

As far as the cosmological evolution is concerned (zero volume to finite volume and finite volume to zero volume transitions) no observer physics is the exact description of the evolution of the universe in the near zero volume region. Generalized quantum mechanics may be non-unitary in the sence that the evolutions of the possible quantum states (if the space-time description of matter is given by a particular family of space-time curves representing possible particle trajectories [14]) representing the collapsing physical systems may be non-unitary (as the corresponding physical process may be discontinous).

However, it is obvious that the collapsing physical system (which is a bound system through gravitational interaction) collapsses to zero volume violating the conventional quantum mechanical uncertainity principle and follow the deterministic laws of general relativity.

In the context of the above discussions the most significant contradiction between the general theory of relativity (describing the gravitational interaction) with conventional quantum mechanics (describing the microscopic interactions of the elementary particles) is the following:

Positivity of the energy momentum stress-tensor together with the general theory of relativity leads to gravitational collapses [8] and space-time singularities [9] where a three dimensional physical system collapses to zero volume (breaking the continuous space-time topology). While positivity of the energy momentum stress tensor together with the canonical formulation of the quantum theory of matter fields leads to the Fermi-Dirac statistics [10].

We, living beings, are characterized by the fact that we can control some terrestial processes. But we can neither change the physical laws nor the cosmological evolution. Many abstructions we had made are approximations (unitary quantum mechanics), (point particles for microscopic physics). The discussions in the preceding paragraph together with the facts that black holes contain no scalar hair [11], that there is no physical explanation of recombination for the virtual particles (which “interpret” real effects as in the Casimir effect) to form loops in quantum field theory [Physically, in vacuum, even in Feynmann’s summing over path scheme it is not obvious why particle pairs produced at one space-time point will only recombine at another space-time point. The otherwise should give abandunces of particles and antiparticles.] and that the universality of the minimum uncertainity relations are lost in both the gravitational collapses and in the solar system microscopic physics [12] lead to conclude that the proper avenue towards unifying these two theories and thereby explaining the cosmological evolution completely will be understanding the space-time singularity and extending the conventional quantum theory [13].

III. REFERENCES

[1] J. J. Sakurai; Advanced Quantum Mechanics: Addison-Wesley Publishing Company. [2] A. N. Matveev; Mechanics and Theory of Relativity: Mir Publishers, Moscow. [3] R. M. Wald; General Relativity: The University of Chicago Press, Chicago and London.

[4] C. W. Misner, K. S. Thorne, J. A. Wheeler; Gravitation: W. H. Freeman and Company, New York.

[5] A. N. Kolmogorov and S. V. Fomin; Functional Analysis (Vol. I): Dover Publications, Inc. New York.

[6] W. Rudin; Introduction to Topology and Modern Analysis: Mc Graw - Hill Book Company.

[7] W. Lamb (Jr.); Physics Today 22. [8] S. Chandrasekhar. [9] A. K. Raychoudhury.

[10] N. N. Bogoliubov, D. V. Shirkov: Introduction to the theory of quantized fields, John Wiley and sons.

[11] A. K. Raychoudhury et all .

[12] A. Afriat, F. Sellery: The Einstein, Podolosky and Rosen paradox, Plenum publishing corporation.

[13] J. J. Sakurai: Modern Quantum Mechanics (page: 34) Addison Wesley Publishing Company.

[14] K. Ghosh; gr-qc/0503003.