brought to you by .{ CORE

View metadata, citation and similar papers at core.ac.uk
provided by NASA Technical Reports Server

THE NONSINGULAR ORIGIN OF THE UNIVERSE

by

b
;%

' tE. R. Harrison
Laboratory for Theoretical Studies
National Aeronsutics and Space Administration
Goddard Space Flight Center
Greenbelt, Maryland

N67-18193 w

-3
°
z ON NUMBER) -~ ~
i (THRU)
_E, (PAGES) /
; (Copm)
P U577 Z0
(NASA CR OR TMX OR AD NUMBER) (CA'
TEGORY)

tNational Academy of Science Resident Research Associate
On leave from the Rutherford High Energy Laboratory,

.Didcot, Berkshire, England

N SIS e I AN R e R



https://core.ac.uk/display/80670892?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

In an expanding universe the average energy density diminishes with time.
The further we go back in time the greater was the density, and éccording to
current theory the universe originated from (or passed through) a space-time
singularity of infinite dénsity some 10%© years ago:

(kttempts to quantize the gravitational field'encounter both formal and
conceptual difficulties®. Hfailing a rational theory we adopt qualitative
arguments and show that it is unlikely that the universe originated as a singu-
larity:\' |

Consider first particles of mass m for which the gravitational coupling

constant is unity:
¢ m®/fc =1 . (1)

Their Compton wavelength A = h/mc equals their gravitetional length G m/cz,

or

(@n/c3)Y/2 ~ 10720 Ay (2)
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= (Bic/G)/2 ~ 107° m, (3)

=
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where Ay = h/mnc and m, is the nucleon mass. So far the particles are of

arbitrary size. If now their density approaches p = m/ls, or

p = ¢®/G®n ~ 10°° gem @ (4)
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the quantum fluctustions of the metric assume their maximum velue32%4. According
to (1) they should be strongly interacting; but at the density (4) they are
"ghost" particles enclosed in their own metric, and at the most interact only
feebly with each other.

Consider now what happens when the universe has the very high density
(4). For simplicity let all particles be identical, of energy mc2. (The
main conclusions are little affected for a spectrum of fermions and bosons

in which the Fermi and thermal energies are comparsble and equal to mcz.)

The age® t of the universe at this:stgge is T ~ (pG)-l/a. But, from (4)
(Gp) /2 = (a8/c®) = /e | (5)
and therefore the age
T ~A/c~ 10 % sec (6)

is the time required for light to travel the interparticle distance A. Neighboring
particles recede from each other at the velocity (almost) of light, and the
observable universe® has a radius of A ~ 10 32 cm.

When the age t of the universe is large compared with T it is possible
to construct in the usual way cosmological models of nested hypersurfaces
orthogonal to time. This is because the unavoidable uncertainties nevertheless
permit At << t. But at time t = T the uncertainty pr:i.nciple“r AEAt ~ h can be

cast into the form

AEAt ~ ET (1)



where E = me2, T ~ (Gp)'l/2 = #/E. For AE ~ B, it follows that At ~ T, and

the spatial hypersurface is smeared throughout the age of the universe. The
universe now verges on the edge of indeséribable conditions in which the notion
of a space-time manifold is untenable. Thus,ﬁit is impossible to trace the
origin of the universe back to a space-time singularity of infinite densit&,

at t = 0, for at time T the universe dissolves into a "phantom" metiricuof

ghost particles.
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41 g“\) are the metric coefficients, one might hazard that the uncertainty

relastions are of the form
l l ~
A(gl/zE)A(glfzt) ~ B
A(J-g, P )A(/-g, X) ~ B
XX XX

. but bg_ ~ -Ag .~ Gm/c®\ = 1, and for AE ~ E, At ~ t the usual relations:
AEAt ~ h, Aprx ~ h follow. The extent of the fluctuation is A in space
and A/c in time.

5We have: RZ = 8IGpRZ/3 (the curvature constant is negligible), and for
p =R ¢ = (32060/3) /2. |

SAssuming the present density is 10 g em 3 and R ~ 1078 cm, and also p <« R 3
for p < my/A% ~ 10'° g cm 3, and p < R * for p > my/A%,, it follows that

at the density (4) the radius of curvature of a closed universe is R ~ 10 7 cm.



