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Cosmological Relativity: Determining the Universe
by the Cosmological Redshift as Infinite and Curved

Moshe Carmelit

Using cosmological relativity theory, we derive the formula for the cosmological redshift
written explicitly in terms of 1- Q, whereQ = p/p. is the ratio of the average mass
density to the critical “closure” density. Based on the present day data of observed
redshifts, we conclude th& < 1, which means the universe is infinite and curved, and
expands forever.

1. INTRODUCTION

In spite of the advances made in recent years in cosmology, the question of
what kind of universe we live in is still unsettled (Dekel, 1994; Gunn, 1986; Loh,
1986; Loh and Spillar, 1986a,b; Peccei, 1993; Peebles, 1993; Rees, 1993; Riordan
and Schramm, 1993; Turner, 1986). According to FRW, based on general relativity
theory, one can calculate a critical mass dengitgt the present time such that the
Hubble expansion will ultimately be reversed if and only if the actual average mass
density p exceedsoc, wherep, = 3H02/8nG, with Hg the present-time Hubble
parameter an€ the Newtonian gravitational constant. The valueogis about
10-2%g/cm?, a few hydrogen atoms per cubic meter throughout the cosmos. Thus,
it is the value ofQ2 (=p/pc) that determines the behavior of the expansion of the
universex2 > 1, a finite universe2 < 1, an infinite curved univers& = 1, an
infinite flat-space universe; and the sign of the quantity @ is the determining
factor here (Ohanian and Ruffini, 1994; Landau and Lifshitz, 1979).

In this paper we use cosmological general relativity theory (Behar and
Carmeli, 2000; Carmeli, 1996, 1997) to derive a general formula for the red-
shift in which the term 1- Q appears explicitly. Since there are enough data of
measurements of redshifts, this allows one to determine what the sigr ¢t 1
is, positive, zero, or negative. Our conclusion is that & cannot be negative or
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zero. This means that the universe is infinite and curved and expands forever, a
result favored by some cosmologists (Turner, 1993). To this end we proceed as
follows.

2. GRAVITATIONAL FIELD EQUATIONS

We seek a spherical symmetric solution to the Einstein field equaB¢ns
« T and use spherical coordinate$ = (x°, x*, x2, x3) = (tv, 1, 6, ¢), wherer
is Hubble’s time in the zero-gravity limit andis the velocity parameter. Since the
universe is spherically symmetric at any chosen point, the line element we seek is
of the form

ds® = t2dv? — € dr? — r3(de? + sirf 6 dg?), 1)

where comoving coordinates, as in the Friedmann theory, are used, iana
function of the radial distanaeonly. To determine. it is enough to solve the field
equationGJ = « T which turns out to be (Behar and Carmeli, 2000; Carmeli,
1996, 1997)

(A1 1 8zG 8nG
Gg e )‘< r2) 2= 71-00 = ?Peff, 2)

where a prime denotes derivation with respectandpes = p — pc. The solution
of Eq. (2) is
r2

1-9)
2.2 =1+¥* ®3)

et =1+

with g1 = —€4, a% = ¢?12/(1 — Q), andQ = p/pc.

3. COSMOLOGICAL REDSHIFT

Having the metric tensor we may now find the redshift of light emitted in the
cosmos. As usual, at two points 1 and 2 we have for the wavelengths,

Ay ds(l) — [gu(l)

A ds2) | gu(@)

Using now the solution fog;; in Eq. (4) we obtain

(4)

(5)
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For a sunlike body located at the coordinates origin, and an observer at a
distance from the center of the body, we hake=r andr; = 0, thus

A2 \/ r2 \/ (1—Q)r?
—=/14+==/1+—— 6
M + a2 + c2r2 ©)
for the cosmological contribution to the redshift. If, furthermareg a we have
Ao r2 (1-Q)r?
21— =14 7
A + 2a2 + 2c272 ( )
to the lowest apprixomation ir? /a2, and thus
A r? 1—Q)r?
gtz (-9 ©)

N A1 232 2c?t?
From Egs. (6)—(8) it is clear th& cannot be larger than 1 since otherwise
will be negative, which means blueshift, and as is well-known, nobody sees such
athing. IfQ =1,z =0, and forQ < 1 we havez > 0. The case of2 = 1 is also
implausible since the light from stars we see is usually redshifted more than the
redshift due to the gravity of the body emitting the radiation, as is evident from
our sun, for example, whose emitted light is shifted onlyzoy 2.12 x 10716
(Carmeli, 1982).

4. CONCLUSIONS

One can thus conclude that the theory of cosmological general relativity im-
plies that the universe is infinite and curved and expands forever. As is well-known
the standard FRW model does not relate the cosmological redshift to the kind of the
universe. Our conclusion is also in full agreement with the measurements recently
obtained by théligh-Z Supernovae Teaamd theSuprenovae Cosmology Project
(Garnavichet al,, 1998a,b; Perlmuttest al,, 1997, 1998, 1999; Riest al., 1998;
Schmidtet al., 1998).

REFERENCES

Behar, S. and Carmeli, M. (200anternational Journal of Theoretical Physi@9, 1375. (astro-ph/
0008352).

Carmeli, M. (1982)Classical Fields: General Relativity and Gauge Thedfjley, New York.

Carmeli, M. (1996)Communications in Theoretical Physis159.

Carmeli, M. (1997)Communications in Theoretical Physi&s45.

Dekel, A. (1994) Annual Review of Astronomy and Astrophy§i2s371. (astro-ph/9401022).

Garnavich, P. Met al.(1998a) Astrophysical Journad93, L53. [Hi-Z Supernova Team Collaboration
(astro-ph/9710123)].

Garnavich, P. Met al. (1998b).Astrophysical Journab09, 74. [Hi-Z Supernova Team Collaboration
(astro-ph/9806396)].



1874 Carmeli

Gunn, J. E. (1986). Cosmological and galaxy formation: A reviewnteraction Between Elementary
Particle Physics and Cosmologiiran, T., and Weinberg, S., eds., World Scientific, Singapore.

Landau, L. D. and Lifshitz, E. M. (1979The Classical Theory of Field®ergamon Press, Oxford.

Loh, E. (1986)Physical Review Letteis7, 2865.

Loh, E. and Spillar, E. (1986alstrophysical JournaB07, L1.

Loh, E. and Spillar, E. (1986strophysical JournaB03, 154.

Ohanian, H. C. and Ruffini, R. (1994%ravitation and Spacetimélorton, New York, Chap. 9.

Peccei, R. D. (1993). Summary of the Texas/Pasco '92 Sympogianals of the New York Academy
of Science$88 418-438.

Peebles, P. J. E. (1993rinciples of Physical cosmologyrinceton University Press, Princeton,
Section 2.

Perimutter, Set al. (1997).Astrophysical Journad83 565. [Supernova Cosmology Project Collabo-
ration (astro-ph/9608192)].

Perimutter, Set al. (1998).Nature391, 51. [Supernova Cosmology Project Collaboration (astro-ph/
9712212)].

Perlmutter, Set al. (1999).Astrophysical Journab17, 565. [Supernova Cosmology Project Collabo-
ration (astro-ph/9812133)].

Rees, M. J. (1993). Concluding summaiynals of the New York Academy of ScierG2 439-445.

Riess, A. G.et al. (1998). Astronomical Journall16, 1009. [Hi-Z Supernova Team Collaboration
(astro-ph/9805201)].

Riordan, M. and Schramm, D. (1993)he Shadow of Creatigi©xford University Press, Oxford.

Schmidt, B. Pet al. (1998). Astrophysical Journab07, 46. [Hi-Z Supernova Team Collaboration
(astro-ph/9805200)].

Turner, M. S. (1986). Cosmology and particle physicslnteraction Between Elementary Particle
Physics and Cosmologkiran, T. and Weinberg, S. eds., World Scientific, Singapore, Sect. 6-8.

Turner, M. S. (1993)Science262 861.



