
Submitted to Physical Review Letters 	 UCRL-19767 
Prep rint 

WØA1  

jUN 2 
AND I 

UBR' SEC1I0N 
I  CLOSED COSMOLOGICAL SOLUTIONS TO 

EINSTEIN'S FIELD EQUATIONS 

E. A. Rauscher 

June L 1970 

AEC Contract No. W-7405-eng-48 

TWO-WEEK IOAN COPY 

This is a library Circulating Copy 

which may be borrowed for two weeks. 
For a personal retentIon copy, call 

Tech. Info. DivIsion, Ext. 5545 
a 

LAWRENCE RADIATION LABORATOR 
UNIVERSITY of CALIFORNIA BERKELEY '  

-J 



DISCLAIMER - 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



-1- 	 UCRL-19767 

• CLOSED COSMOLOGICAL SOLUTIONS TO 
• 	EINSTEIN'S FIELD EQUATIONS* 

E. A. Rauscher 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 94720 

ABSTRACT 

A prescription is made for "geometrizing" the space- 

time manifold as an extension of Wheeler's "wormhole" 

theory. In the method presented, a set of variables, 

termed quantal units, is introduced into the cosmological 

equations and, acting as an additional constraint, gives 

closed cosmological solutions. Recent experimental ev- 

idence is cited for a closed universe theory. 

J. A. Wheeler 1 -attempted to geometrize the space-time manifold 

in terms of a "quantum of length, "termed the Wheeler "wormhole, ti  

£ = (G/c3)1'2. Wheeler pictures the metric of his space as fluctuations 

in a multiple-connected, foamlike structure in which the microcurvature 

has a scále"size" of 2 characteristic of his topology. The microcurva-

ture sets a lower limit on the meaningful intervals of length and time. He 

also discusses a quantum of mass, m = (ch
/ 1/2
G) 	and a quantum of en- 

/4 	ergy, E = (h c 5/G) 1 hl'2 .  Earlier, M. Planck 2  derived dimensioned quan- 

tities in terms of the fundamental universal constants h (Planck' s con-

stant), G(universal gravitational constant), c (velocity of light). The quan-

titlea Piitnk lnttoduced wert,: 
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2 = (G/c3)"2 = 1.60X10 33 cm, 	 a) 

t = (Gi/c5)'2 5.36X10 44  sec, 	 (1b) 

rn 	(c/G)f'2 = 2.82X40 5  gth, 	 (ic) 

for length, time, and mass, respectively. The values of the universal 

constants used in evaluating the Planck quantities are: c 2.998X10 10  
3 

cm/sec, h 1.055X10 27  erg-sec, and G 6.673X108 	
cm 2 

gm-sec 

These values are taken from the recent work of B. N. Taylor, W. H. 

Parker, and D. N. Langenberg 3  on the theoretical and experimental 

implications of the universal constants. 

Planck discussed the universality of the expressions in (1a), (fb), 

(4c), which comes about through their unique expression in terms of the 

universal constants. The quantities in (1a), (fb), (Ic), and all physical 

variables, can be uniquely expressed in terms of universal constants and, 

in this form, are here termed "quantal units." 

Table I contains the set of quantal units and their numerical values 

relevant to the calculations in this paper. For a more detailed discussion 

of the geometrical interpretation of the quantal units, see E. A. Rauscher 

Briefly, it is pictured that the quantal units "quantize" the matter-energy 

and space-time in the form of physical variables in the manifold. 

E. R. Harrison5  discusses some aspects of what he terms "quan-

turn cosmology" in terms of the Planck quantities or quantal units and 

their limiting values in the space-time manifold, and consequences for the 

early universe. 

Also, the implications of the universal constants for cosmology 

have been investigated by P. A. M. Dirac 6  and more recently by R. A. 

Alpher and G. Gamow, who have developed the atomic, nuclear, and 
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cosmological aspects of the universal constants, on a theoretical basis, 

as dimensionless combinations of universal constants. There has been 

much interest in the recent work of B. A. Taylor, W. H. Parker, and 

D. A. Langenberg 3  on the theoretical implications of the universal con-

stants. 

Now we shall show how the quantal force, F c 4/G is prominently 

manifest in Einstein's field equations and how the quantal units act as an 

additional constraint to give closed cosmological solutions. 

We deal in this paper with an idealized universe that is isotropic 

and homogeneous. Consistent with this, we use the Robertson uniform 

line-element 8  

	

ds 2  = c2dt2 - 
	(t) 	(dr 2 +r 2dø2 +r2 sin2 Od 2 ). 	(2) 
(i+/4kr)2  

For this metric, the intervals of cosmic time, t are measured along 

world-lines orthogonal to a spatial hypersurface of uniform curvature 

which is mapped with r, 0 , 4 co-moving coordinates. The curvature 

constant of the metric, k = 0, ±1, corresponds respectively to Euclidian, 

closed, and open curvature. 

Let us proceed from the general relatively equation, with the con-

straint that the cosmoligical constant, A = 0, 

8G T 	 (3 

	

UIjk 	
ff4 
	ik 

For 8G/c4  = 2.07X10 48 (Gauss-cm) -2  and for F = c4/G1.22XiO 49  

dynes, we have 87rG/c 4  = 81r/F. The stress-energy tensor, Tik  for the 

idealized model is given as T 44  pc2  for density, p and T 1 - T 22  = T334 
forthe isotropic pressure, 0. The term. 8iTG Tik in. (3) then becomes, 
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8irGTi 	2 k_8irF 	F. 

where ' is defined in Table I. 

Using (2) and (3), the solution of this equation gives, 

= 8Gp kc 	 (Sa) 

and 	. 	 . 

8irG 	21+ 2 +kc2  
2 	 2' 

	 (5b) 
C 

where k is the curvature constant, and the dots denote differentiation 

with respect to time. 	 .• . 

Let us now substitute the quantal unit of density, p = F 2/c 2 ' in 

(5a) and the quantal unit of pressure, OP= F 2 Ir in (5b). Also let us make 

the additional substitutions.of 61= £ 	 the quantal length; = , 

/ 1/2 
the quantal. velocity, and 	(c 2 Fj) 	, the.quantal acceleration. 

First, considering (5a), we have 212= 

and 8Gp/3=8cF/3hz81rF/3 =2.67X10 87  11sec2 and c2 /R2  (c/2) 2 . 

Upon substitution of these quantities in (5a), we have 

cZ8iiF 
=- k(c12) , 	 . 	(6) 

and substituting (c/) 2  = lit2  Fk in (6), we get F/€ 8ir/3 F/-k(F/), 

so that 1-8ir/3-k or k8rr/3- 18.4- 17.4 or kl. This is a pos-

itive curvature solution. . 

Considering (5b) and substituting the quantal form of the variables 

St, , R, we have 8rrG#/c 2  (8ircF) () =(8irc 2 /F)(F 2/81iF/€ 

for the left of (5b). For the right side of (5b), we have 2/61 2 2a12 = 2F/ 

for the first term, 612/ 2  = (c/) 2  = F/,for the second term, and 
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c 2 /6t2  = (c/2) 2  = F/for the third term. Thus, upon substitution (5b) be-

comes: 8rF/€=2F/ +F/+k(F/) or 81T+1.=k or k= 26.3. As we see, 

we have obtained a larger positive value of k from the second solution 

than from the first. Equation (5b) appears to be a stricter criterion on 

the curvature of space-time structure. 

For both cosmological solutions to the general relativity equation, 

the extra constraint of the universal constants in quantal unit form give 

closed (positively curved) cosmological solutions. 

This model could therefore be used to describe a continuously os-

cillating universe. For a recent discussion of such models see I. M. 

1alatnikov and E. M. rLipshitz. 9  In order to have such a universe, one 

would have to avoid the singular state in the early universe. 10  Then con-

tractions and expansions from a state of finite, largedensity, perhaps re-

lated to the quantal density p = 6.50x io gm/cm3 , could occur. It is 

possible that £ represents a lower, limit, in the manifold, on the 

Schwarzschild radius, A which is defined as that radius of an object Of 

mass, m undergoing gravitational collapse, 

2Gm 	 (7) 

1/2 For the quantal mass, m = (ctiG) 	, we have 

G.hi/2  

where 2 is the quantal length. The ttgeometricalht  structure of the space-

time manifold may prevent a completely singular state from occurring at 

any particular point in the manifold. It may also be noted that the gravi-

tational red shift, z = z X/?. = Gm/61c 2  = I for R = 2, where m is the 

quantal mass. The quantity & is the shift in the emission wave length X. 
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It is suggested that the quantal power, = cF = 3 66x 10 erg/sec, 

has cosmological significance; for example, the energy required to expand 

a dynamical universe to the present state from a "big bang" origin is 

E =pt0  4X10 78  ergs, where the age of the universe is t 0  2X10 17  sec. 

The quantal power times the age of the universe is 4X 10 76  ergs; this 

2 
energy is a factor of 10 less than the energy required to expand the urn.- 

verse. Some quantal unit forms of physical variables, such as 2 and t, 

have microscopic implications in the manifold, and others, such as F and 

c7 give the macroscopic curvature. For a discussion of the relationship 

between microcurvature and macrocurvature and its relevance to the geom-

etry of the space-time manifold, see Ref. If. 

Recent experimental evidence supports closed universe models 

such as the continuously oscillatory ones. Previous experiments suggested 

that the average density of the universe was about 6x 10 31  gm/cm3 . The 

critical density for a closed universe is p.= 3H 2/8rrG = 2>(10_29 gm/cm3 

(where A and k are zero). The ratio 6VA = H, is Hubbles constant, and 

for t0  I/H, H = 3Xf0 8  cm/sec/cm. Thus, the detected matter is 

only 3% of that necessary for a closed universe. Through x-ray studies, 

H. Friedman, R. C. Henry and others 12, 1.3 have detected intergalactic 

gas amounting to the remaining required 97%. This lends much credence 

to the closed universal models as opposed to the open ones. 
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Table I. 	Universal quantal units. 

Quantal unit in terms Numerical value of 
of force, 	and £ a guantal unit 

( Gh 
 

c 
£ 

= 

 

2 
= ()h/2 1.60x10 33 	cm 

time " 
= 4-) 5.36X10 44 	sec 

M= mass m 2.82X10 5 	gm 

E = 
51/2 

(.E—) energy 112 E = ('F) / 16 .L25X10 	ergs 

= 1/2 
momentum 	p = (F)1/2 10  4.16Xi0 	gm-cm 

sec 

L angular L 1.06X10 27 	erg-sec 
momentum 

F = c4/G force F = F 1.22X10 49 	dynes 

c = c velocity c 	c 10 	/ 3.00XI0 	cm'sec 

a = 
71/2 c 

(-) 
2 cF acceleration 	a 	(-i-) 

53 	/ 	2 5.72X1.O 	cm/sec 

power = cF 3.66X10 59 	dyne sec 

= - pressure .=-i- 4.75X1O 14' dyne/cm2  

p = i- density p 	-- 6.50X 10 	gm/cm 

aThe quantal units are expressed in terms of the universal quantal force, 
F = c4/G,t, t', and c. The quantities, e and tl  are defined as 	1j/c and 

In the evaluation of the quantal units, the values of 	= 3.50>< 10 	gm-cm 
and £ 	3.15X10 17  erg-cm have been used. 
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