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CLOSED COSMOLOGICAL SOLUTIONS TO
EINSTEIN'S FIELD EQUATIONS™

E. Av. Rauscher
Lawrence Radiation L’aboratofy |

University of California .
Berkeley, California 94720

ABSTRACT
’A éreécription is made for "g‘eom_et‘rizing" the space-
time manifold As an éxtension of Wheeler's "wormhole'"
theé;;y. In the method presented, a set 6f variables,
termed quantal unitsA, is’introduceci into the césmological
equatlons and, actlng as an add1t10na‘1 constralnt glves
closed cosmolog1cal solutlons R.e;ent experimental ev-

idence is cited for a closed universe theory.

J. A. .Wheeler1 attempted to geometrize the .space-time manifold
in terms of a ''"quantum of length, ''termed the Whée_ler "'wormhole, "

g = (Gr/c V2,

Wheeler pictures the metric of his space as fluctuations
in a multiple-connected, foamlike structure in which the microcurvature
has a scale ''size'' of £ 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 = (c‘l‘\/(l‘r)i/2 and a quantum of en-
_ 5, .1/2 . _ 2 . . .

ergy, E = (he¢”/Q) . Earlier, M. Planck”™ 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-

titiea Planck introduced were:
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L= (G’ﬁ/ 3 1/2 = 1.60% 10> em, " N (1a)
¢ = (Gh/c 1/2 = 5.36x 1074 sec,  (p)
m = (cfi/G)i/Z - 2.82x107% gm, e T
for length t1me, ‘and mass, reSpect1ve1y Thevvalues of the untversal {,
‘ constants nsed in evaluating the Planck quantities are: c = 2.998X% 1010
: .cm/sec,‘v = 1. 055‘><‘11v0'-,27 erg sec, and G = 6.673Xx 10" 8 ﬁm

These values are taken from the recent Work of B. N. Taylor, W. H.
Parker, and_ D. N.. Langenberg3 on the theoret1ca1v andcexperimental
. im'p'li.cations. .ofv th.:e universal constante. ‘ " )

Planck discus sed the univer sahty of the expressmns in (1a), (1b),
(4c), which comes about through their umque expression in terms of the
universal censtante. The quanti_ties in (1a), (1b), (1c), and all physical
'Variableé, ‘can bevu.nique'ly expressed in terme of universal constants and,
in this foftn, are here termed '"quantal units. '’

Table I conta1ns the set of quantal units and their numerical values
relevant to the calculatmns in th1s paper. For a more deta11ed discussion
of the geometncal 1nterpretat1on of the qua.ntal umts, see E. A. Rauscher.4'
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-
tum cosmology'' in terms of the Planek quantities or quantal units and A
their limiting values in the space-time manifeld, and consequences for the
early univehse. |

Al.sov, the implications of the universal constants for cosmology
have been investigated by P. A. M. Dira.c6 and more recently by R. A.

Alpher and G. Gamow, 7 who have deve10ped the atomic, nuclear, and

-
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co smologi'cal"a;s.p'écts of fhé uhivérsal 'c'onstarits, oh é' théorética.l basis,
as dlmensmnless combinations of umversal constants. There 'h.as been
much 1nterest in the recent work of B. A. .Tay'lor, W ‘H. Parker, and
D. A. Langenberg on the theqretmal_ implications of the universal con-
stants. |

| Now we shall show how the quantal force, F= c4/G is prbminently
mamfest in Emstem s field equatmns a.nd how the quantal un1ts act as an
add1t1ona1v’conbstra1n1: to give closed cosmologlcal solut1ons.

We deal in this paper with an ide_ali_zed.uniyﬁerse that is isotropic

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

: bline—element8

as? = c2at? —‘R—QL— (dri+r d92+r sinZ0de?).  (2)
| (1+1/4H> |

For this rhetric, the i.rltérv.a;ls of cosmic time, t are measured along
World 11nes orthogonal to a spat1a1 hypersurface of umform curvature
wh1ch is mapped w1th r, 9. <|> co- movmg coordmates The curvature
constant of the metric, k = O :hi, corre5ponds respectlvely to Euc11d1an,
closed, and open curvature.

Let us proceed from the general relatively equation, with the con-
straint that the co‘smoligical‘const'ant, A=0,

811G : '
28 B - g Tae 3

For 87G/c? = 2.07% 10" *8(Gauss-cm) ™2 and for F = ¢*/G=1.22x 10
dynes, we have 81rG/c4 = 8n/F. The stress-energy tensor, Tik for the
. ) .. 2 o _ e /]
1dea11zed model is given as T44 = pc” for de_ans1ty, p and T,“—VT22 = T33—¢

forithe isotropic pressure, A. The term. 8“4G Tix in (3) then becomes,
, . c
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_——i4:_=_'f‘_-»__:___.l_r. (4)

where " #' is defined in Table I.

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

-2 ' 2 \ _
(Rz - 81r:§}p _ kc2 B » | | | (5a)
® R™ : :
and ‘ - t
: _ Ty B
,SnG/i 20®R + R +kc (5b)

c2 (RZ .
where k is the curvature constant, and the dots dériote differentiation’
with respe,ct to time.

Let us now substitute the quantal unit of density, p = Fz/czsf' in

(5a) and the quantal unit of pressure, f= Fz/;e' in (5b). Also let us make

the additional substitutions.of ®= £ = (£ /»F)i-/z, ‘the quantal lengthﬁ R=c,

the quantal velocity, and (R = (CZF/‘ﬂ) 1/2, the.qu-antél accelerration.

First, ~considering (5a), we have (i{z/(Rz= ( /E)Z— cs/hG-'F/{‘i/tZ,
and 811'Gp/3 8wcF/3h= 8wEF/3£' = 2. 67X 1087 1/sec and cz/(ﬂ =(c /2)
Upon substltutmn of these quant1t1es in (5a), we have

(z)=-8—"1§-k(/z), e

and substituting (c;‘./,@i)2 = '1/t = F/% in (6), we get F/4#=8n/3- F/ﬁ;’-k(F/ﬁ),

so that 1-8w/3= -k or k=8w/3-1~8.4- 15‘7;4 or k =1. ‘This is a poS'—
itive curvature solution. | |

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

P, & R & we have 81GF/c? = (81cTF) - (P) <Brc? /PMF2/#)=8wF /4

for the left of (5b). For the right side of (Sb), we have Z(R&/G{Z=2a/£ =2F/%

for the first term, (RZ/(R2 = (c/,Z)2 = F/{.,fo:r the second term, and

o«
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cz/(R2 = ( '/2)2 = F/f' for the third term‘ Thus, ﬁpon éubsfitution (5b) be-
comes: 8nwF/4=2F/% +F/£’+k(F/£) or 87+1=k or k= 26.3. As we.see,
we have obtained a larger p031t1ve value of k from the second solutlon
than from the f1‘rst. Equatwn (Sb) appears to be a stricter criterion on
the curva.t-ure'bf"s‘pavce-ti'rné :stfﬁcture.. o | |

For 'bbfh' co smolégicél s&lutions to .the g’éne_rél relétivity equation,
the vex'tra‘con‘strainf:‘of tﬁe univér sal .corlsta.nts 1n 'qu.antal_ unit form give
closed (pbsitiVely curved) cbsmolbgicai'sdiﬁtion.g.' B

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

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

Khalatnikov and E. M. .Lipshitz.9 In order to have such a universe, one

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

~ tractions and expansions from a state of finite, large density, perhaps re-

93

lated to the quantal density p =6.50X 10 gm/cm3,v;,cOuld_occur. It is

possible that £ repre.sents a lower limit, in the manifold, on the
Schwarzschild radius, (Rs which is defined as that radius of an object of
mass, m undergoing gravitational collapse,

®R_ = ZG;‘. | | | (7)

S
C

1/2

~, we have

For the quantal mass, m = (c’ﬁ/G)

2 .
&, = 25D < 2,

c
where [ is the quantal length. The "g.eometrical” structure of the space-
time manifold may prevent a completely singular state.-from occui‘ring at
any particular point in the manifold. It may also be noted that the gravi-
tational red shift, z = AN/\ =‘Gm./(Rc2 = 1’ for ® = 4, where m is the

Quantal mass. The quantity AN is the shift in the emission wave length \.
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Itvvi-”s suggested that the quantal pohwer,-v @= cF = 3.66)('1(559
has cosmoloéiCal sign{tflicance; ‘f.or ekamole; .the energy required to expand
a dynamical uniVerse to the present state from a ''"big bang" origin is
E=p ‘t, ~ 4% 10’8 'erg‘s, Where the age of the unitrerse is t, = 2% 101_7
The quantal power times the age of the universe is 4X 1076 ergs; this
energy is a‘facto'r‘ of 102 less than the energy requir'ed to expand the uni-- ’
verse. Some quantal unit forms of phys1cal var1ab1es, such as £ and t,

have m1croscop1c 1mpl1cat1ons in the mamfold and others, such as F and

&’, g1ve the macroscop1c curvature. For a d15cuss1on of the relat10nsh1p

between microcurvature and macrocurvature and its relevance to the geom-

etry of the space—tMe maniifo'ld, see Re:‘f. 11.

A‘Re-ce“nt 'e.xper'im.ental. euidence Supoorts clo‘sed.universe models
such asthe continuous_ly oscillatory ones. Previous experiments suggested
. -31 gm/cm3. The
29,3

that the aVerage density of the universe was about 6X 10
critical density for a closed universe is P = 3H2/8ﬂG =2%10 gm/cm
(where A and k are zero). The ratio (B’/(R H, is Hubble 's constant, and

-18

for t, < 1‘/H "H = 3x 10 ecm/sec/em. Thus, the detected matter is

0
only 3% of that necessary for a closed universe. Through X-ray st‘udies,
H. Fr1edman, R.-C. Henry and others 12 13 have detected 1nterga1act1c

gas amount1ng to the remannng requ1red 97% This lends much credence

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

Quantal unit in terms = - Numerical valge of
of force, £and £'® °  quantal unit i
. - ¢
2 = (EHY2 1engmn =& 1/2 L 1.60%107°7 cm y
t (Gg)‘l/Z time - ot o= (?i.- 1/2 5.36)(1'0"-44 sec
= (-%)1/2 mass . . m= (Z—;.f‘)i/2 2.82)(10-5 gm
.5 1/2 | , o o
E = EG-—-h- ~ _energy E = (£‘F)1/2' | 1.25X 1016 ergs
P = (C—éﬁ-) . momentum - p = (ﬁ]?‘)‘l/‘2 - 4.16X 1010 - Bm-cm
. S . sec
L=t angular L=t - 1.06x107%7 erg-sec
' -~ ‘momentum : B o
F = c4/G force ‘ F=F ' 1:22,)(1049 ~ dynes
c =c - velocity c =c : o 3.00X 1010, cm/sec
o1/ 2 ' o
a = -%f-]—)v : accele.rati_onv a = (C'TF) ' ‘5.'_72><10$-3 _cm/sec2
# =S power @ = cF  3.66x10°7  dyne &
G P _C o +Y1e Sec
7. - : 2 L
U _F2 |
P - Gan,  pressmre @" Z o 4.75x10** dyne/cm
o =2 density o =t . 6.50x107° gm/em
G o < o o

%The quantal units are expressed in terms of the universal Quantal force,

[ 228N

F = c4/G, 2, £', and c. The quantities, £ and £' are defined as £ = #/c and
£' = ch., . ' o , N
bIn the evaluation of the quantal units, the values of ¥ = 3.50X 10-38 gm-cm

and £' = 3.15X10"17 erg-cm have been used.
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