Quantum mechanics forbids an initial or final singularity in a closed FRW universe

T.R. Mongan, Consulting Engineer 84 Marin Avenue, Sausalito, CA 94965 e-mail: jtm@crl.com

The canonical Hamiltonian quantization of standard cosmology by Elbaz et al [1] and Novello et al [2] avoids the complexities of the old approach to quantum cosmology involving superspace (or mini-superspace) and the Wheeler-De Witt equation. Novello et al [2] show the quantum dynamics of a closed homogeneous and isotropic radiation-dominated universe is equivalent to the evolution of a particle moving in one dimensions in a potential

, where q is proportional to the radius of curvature of the universe and b is a constant. This should not be surprising. The Friedmann equation [3] for the radius of curvature Rof a closed homogeneous, isotropic radiation-dominated universe is

where Ais a constant and c = 3 x 1010 cm/sec. If the Friedmann equation is multiplied by ½ , it is a condition on the energy of a classical particle of unit mass bound in a potential well, moving in

one dimension with speed . The Schrodinger equation for the motion of this fictitious unit mass

particle has the same form as the Schrodinger equation identified by Elbaz et al and Novello et al.

The Schrodinger equation corresponding to equation (1) (and, likewise, the Schrodinger equation of Elbaz et al and Novello et al) for a closed radiation-dominated FRW universe can be written

Morse and Feshbach [4] show that the solution to equation (2) is

where

, h is the spherical Hankel function and Kis a normalization constant. This stationary state wave function is zero at R = 0. A time-dependent wave function describing the evolution of a closed radiation-dominated FRW universe must be a wave packet centered around the "effective energy"

, and that superposition of stationary state solutions to equation (2) must also be zero at R = 0.

If general relativity is assumed valid at distances less than the Planck length, the Schrodinger equation of Elbaz et al should be valid at these distances and quantum mechanics seems to forbid singularities in a closed FRW universe. Since the eigensolutions of the Schrodinger equations for flat and open FRW universes are also zero at R = 0, it appears this conclusion can be extended to flat and open FRW universes.

A quantum mechanical model that allows the universe to begin with a non-zero radius, by a quantum fluctuation from the vacuum, is outlined elsewhere [5].

References

1. E. Elbaz, M. Novello, J.M. Salim, M.C. Motta da Silva and R. Klippert, General Relativity and Gravitation 29, 481, 1997 2. M. Novello, J.M. Salim, M.C. Motta da Silva and R. Klippert, Phys. Rev. D54, 6202, 1996. 3. J. N. Islam, "An introduction to mathematical cosmology," Cambridge University Press, 1992.

See also C. W. Misner, K.S. Thorne, and J. A. Wheeler, "Gravitation," W. H. Freeman and Company, New York, 1973, or other standard texts on cosmology.

4. P. M. Morse and H. Feshbach, "Methods of Theoretical Physics," McGraw Hill, 1953, page 1665 5. T. R. Mongan, International Journal of Theoretical Physics, to be published, 1999 [Los Alamos preprint server (http://xxx.lanl.gov) preprint gr-qc/9902025]