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Abstract

Bianchi tvpe-l cosmological model as related 1o perfect Muidinbimetric theory of gravitation
have been deduced. The perfect fluid model has hyvperbolic geometry and all itz physical
parameters are also hvperbolic m nature and therefore they have been studied from
hyperbolic geomeinc view point. All these models are 1sotropize and shear-less. Other
seometnical and phyzical behaviors of the models have alzso been studied
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1. Introduction

Rosen’s (1973, 1975} bimetric theory of gravitation 15 one of the allematives to general
relativity and it is free from singularitics appearing in the big-bang of cosmological modcls
and 1t obevs the principle of covariance and equivalence of the general relativity, Therefore,
the people arc inferested in investigating the cosmological models of the universe in bimetric
theory of gravitation based on two matrices; one 15 Riemannian metrie which described the
peometry of curved space time, and the second 15 fat metric which refers to the geometry of
the emply universe (no matter but gravitation is there) and described the initial forees.

The Rosen’s field equations in bimetric theory of gravitation are

i"l.-"—l_.-"-"-rﬁ'=—f", i1
2 1
where
1
N (g ).
L by

N=g"N _ isihe Rosen scalar. The vertical bar (| ) stands for »covariant differentiation

where g=det (£,) and p=det (). Many researchers have developed the theory and

investizaled many cosmological models of the universe in bimetric theory of gravitation and
in general relativity, and studied their behavior geometricallv and physically [Karade (19807,
lsraclit ( 1981), Reddy et al (1989, 199%), Mohantv et al. (2002), Bali (2003a, 2003h, 2005,
2006, 2007), Katore (2006), Khadekar (2007), Borkar (20004, 2013, 2014a, 2004b), Gaikwad
(2011)]. Athough the non — existence of Bianchi tvpes 1. 111, V and V1, cosmological models
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with perfect fluid in the Rosen’s limetne theory of gravitation have been shown by Reddy of
al. (1989, 1998), Mohantv et al. (2002) and Borkar et al. {2010b) have deduced the existence
of Bianchi tvpe | magnetized cosmological model i Bimetric theorv of gravitation and
studicd its gecometnical and physical propertics,
2. Solutions of Rosen’s fieldequations
We consider the Bianchi Tvpe 1 metric |Borkar et al. (2010b)] in the form

di'= —dtf'+ A'dx'+ Bdy'+ Clde, (2)

AAR: Totern. 1., W, 11, Issse 1 (Jume 20160

el

where 4 B andeare functions of ¢ only.
The fMlat metnic comrespending to metric (2) 15
dif= —dr+ dr+ dv'+ d (3)

The energy momentum tensor T 'of the source (Sharif et al. (2013)) 15 given by

T'= (ppv'+pd z 4]
with

A i [3)
Here, fand paretheenergydensity andpressurcofperfectlluid, respectivelyvand v is the

flow vector, The quantity As the scalar of expansion which 1s given by

=, | i6)
We assume the coordinates to be co-moving, so that

vi= = ¥ vi= — 1.
Equation (4) of ¢nergy momentum tensor vicld

T =I=F=p and T'= —p i7)

The pressure p and the density pare related by an equation of state o 0=pEl
The Rosen’s field Equations (1) for the metric (2) and (3) with the help of (7) give the
differential equalions
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s i ﬂ+ € 1 i - i _{ﬂ_ lox ABCp (=]
4 A A = P
A _ B, & % i3 & =lsx ABCPp, 2
A B o & -
From Equations (8) — (10}, we wnile
A= = (12
Also, from Equations (8) and (11), we get
& A
- 3 = -BmBC (ptp ) (13)
A*
The volume 715 a function of & and 1t 15
¥V = ARC {14
From Equation { 12), we wnic
Vo= A, e A=R=C= p (15)
From Equations (13) - (15]), we pet
F =
— 5 = A (pep) (16)
F

3. The perfect luid model with physicalsignificance

The conservation law for the energy-momentum ensor from Equation (4), we wrile

= —E[Pl.ﬂj (17
The perfeet llud obevs the equation of state

Permy e, DEpEL (18)

Here, ¥ = 0 (Dust Universe), ¥ = 1/ 3 (Radation Universe), » ! l ]fl lardUniverse)

andy = 1 {Zel"dovich Umiverse or stift matter)

In a co-moving coordinaie, the conservation law of energy momentum tensor (1 7), for the
perfect Mnd and dark energy 15

. ¥
et Pop = '[,KL + B F P+ P ] (19)
.[r I
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AAKE Totern. 1., Wl 11, Tssse 1 (June 2016 3

from which we have

r.-"

gt _{p + P iy, (200
o E
and
F 5
Fert Pt P 0. (21)
I__.- i

From Equations (18) and (21), we wnite

o = : Per = LL (22)

where ¢1s an integration constant. sing
Equation {22}, Equation { | 6infers

wheree, 15 a constant of integration,
This Equation {23) has a solution

- al”
! I

‘ilngi': 4sfi'lll+ llf:-':: =" (24)

Jp.. :

wherel,, 15 constant of integration and 15 taken to be xero, 5o

iy

s
|U:F": 4% 11| 1+ J’llut i
' r

"
\

' (25)

We study the model in view of the values of ¥

Case(i) Forj= 0 the integral Equation (25) has a singularity in dust regime. The model
does not predict or does not allow a phase in which the universe is dominated by dust

Case (i) For j= 1/ 3 | the solution of integral Equation {23) is

Ve [ /e coshll fo)]. (26)
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wheree. and ¢ are positive constants. For properchoice o f Jc_::l:l and{ *.IIE i &) =a
(constant), we have

F={coshar)', 27
and the scale Tactors A, 8 and O, (from Equation (13]) have the values

A=B=  ={cosh (en)). (28)
The ling element (2) becomes

dr= —df+  (cosh (an'(adv*+ a7+ df) (29

This is Bianchi tvpe 1 perfect Mund cosmological model in the absence of dark energy in
Bimetnie theary of gravitation.

[t 15 to be noted that this model has hyvperbolic geometry, At ¢ =0, 1" =4 =# = = 1 and
thevarehy perbolicallvinereasinginnaturewithinereasingtimesandattaininfinitevalues,
asi—» Thisshowsthatthemodelstariswithnonzerovolumeandihevolumeandscale

factors are hyperbolically increasing with increase in time ! and they go over o infinity at a
later slage.
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Figure 1. F vt
This hyvperbolic geometrical view pomt of the model will definitely be a benefit to the
mathematical and phvsical community and the people of observational data to scarch such
tvpe of geometry. Recently, Ungar (20089 observed the hyperbolic geometry view point of
Einstein’s special relativity.

The encrgy density o, and the isotropic pressure p. of the perfect Muid model are

Per =3pe cf{coshian))". (30

The physical quantitics like scalar cxpansion &anisotropic parameter A, the shear scalar o
and the deceleration parameter ¢ have been calculated as
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AANG Itern. 1., %ol 11, Issee 11 June 2046 T

7 = 6Gatanhicr). 31

A =ce=ll, (32

g=  —(126sinh(a)y’)- 1 (33)
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Figure 2. g vat Figure 3. proover

Figure 2 and Figure 3 show the nature of densitv and pressure (in similar nature) of the
perfect fuid model. At =0, preszure and density attain the maximum value and thevare
decreasing very fast as ris increasing, and approaches zero value Tor 4.5(appro.) <.
Thisshowsthatthisradiatinguniversehasvervhighdensitvandpressureinthebe ginning

and its density and pressure po on decreasing and attain #ero value for =4 51, this
radiating umverse has the matier for some interval of time 0=t = 4.5 {appro. ) and the model
admit the vacuum case forever for 7 = 4.3,
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Figure 4. &vss Figure 5. g vsi

The graph of scalar expansion s hvperbolic tangential. At r =0, = 0 and it 15 INCreasing
hvperbolic tangentially and attaing the linite value when ¢ —oc. This shows that the mode
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It 15 well known that the universe underwent an accelerating expansion right after the bag-
bang (Inflation Era) and at lugh red shifis {Dark Energy Era). The universe must decelerats

fgg =) when radiation dominates its dvnamics. Figure 3 reflects quite unpleasant nature of

deceleration parameter o which has mose negative value in the beginming which shows that
the model starts with highlv  accelerating phase and acceleration i slowing down
continuoush. We are pulling this argument on the bagis of our mathematical resulls and this

argumenl mav be unpleasant since nobody knows the secret of the nature and the wonder of

the phyvsics of the universe.

Case (m)For =1, Equation (25) has a solution

V =f {cosh( e, 1 1), (34)
where s positive constant.
From Equations {13), we wrile

A=R= (" ={Acosh e+ 102 (35)
The required line element {ﬁ

ds =—di" +{ A cosh \,"rT_. 1) (d® +dy” +ddz*). (36)

This 1z the Bianchi tvpe | cosmological model with perfect flumd (suff matter) in biometric
theory of gravitation, This Zeldovich universe has volumetric hvperbolic cxpansion (as
shown in Figure & similar to that of the radiating umiverse case (1), The scale factors also

have similar behavior as case (1), The model staris with nonzero volume and volume
increasces in hyperbolic cosine nature and has infinite values at the finalstage.

= Epatial Vol ¥

[+]

a 1 i

Figure 6. 17 vaf
The energy density g, and the pressure p. of the perfect fluid (stff matter) are

O S ;".If{n:n;:sh[ .,IIEA 1+ 17 e

The physical parameters are
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i |5I!".1"'III]'I{I’.-'_‘.|I']_
(cosh(gh i) + 1)

= coshi Jc. 1) -1

(38)

(3%)

(4

In this perfect Muwd Zel’dovich umiverse, it 1s observed that all the physical parameters
Doy Pers & and decelerating parameter 4 behave m similar nature as that of case (i) of

radiating universe and having the nature of hyperbolic functions as explained carlier in case
(it} and there is no new contribution regarding the geometrical and physical behavior of these

parameters, whose graphs are shown below
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It is important to say that in these perfect fMuid models (29) and (36) comesponding to
radiating umverse and Zel dovich universe, the geometry and all the phvsical parameters of
the models behave hvperbolically i nature, since hvperbelic geometne functions are present
in it. Therefore, the geometneal and physical properties of the models with physical
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parameters have been studied from hyperbolic geometne view point. This 1s the remarkable
point observed in the geometsy of the model that the model has hvperbolic geamety and it iz
helpful to the people of observational data to search such tvpe of universe.

4. Summary

. Theperfectiluidmodelscormespondingtoj=1/ 3 radiating)and = | {stiffmatter)are
hyperbolicgeometncinnature. Theperfectflmdmodelcorrespondencetoy=tfdust)  does
notexist

2. All the physical matters in these perfect Mluid models obey the graph of hvperbalic
geometric functions and therefore their natures have been studicd from hvperbolic
peometric viewpoint

ek

These perfect Mlnd models have volumetric hvperbolicexpansion
4. Thesc perfect Mud models are isotropize in nature withoutshear

5. These perfect Muid models are highly accelerating and acceleration of the model goes on
increasing as time 715 increasing and has the constant acceleration at later stages of timey,

6. Conclusion

Bianchi type-l cosmological models corresponding 1o perfect fluid in Bimetric theory of
gravitation have been deduced. The perfect fluid model has hyperbolic geometry and all s
phvsical parameters are also hyvperbolic in nature and therefore they have been studied from a
hyperbolic geometnc view point

All these models are sotropize and shear-less. Other geometrnical and physical behaviors of
the models have been studied.

REFERENCES

Ade P A R, Aghamim, M., Armitage-Caplan, C., Amaud M., (2014). Planck 201 3results.
XVL Cosmological parameters, Astronomry ond Astrophysics, Vol 571, pp. AlG

Adelman-McCarthy. J. K. Apieros, M. AL, Allam, 5. S.. Anderson, K. 5. ] Anderson, 5. F..
Anms, J.. Bahcall, N. A, Baldry, [ K. Barentine, J. C., Berlind, A., Bemardi, M.,
Blanton, M. R Boroski, W. M., Brewington, H. 1. Brnnchmann, I, Brinkmann, J.,
Brunner, E.J., Budavin, T..Carev, L.N..Carr. M. A.. Castander, F.1.. Connollv, A. 1.
Csaban, 1. Crarapata, P.C.. Dalcanton, J.J.. Do, M., Dong. F.. Eisenstein, D)., Evans,
M.L..Fan., X .Finkbeiner, D.P..Friedman, 5.D., Frneman. J.A.. Fukugita, M.. Gillespee,
B..Glazebrook, K., Gray, J.. Grebel. EK..Gunn, J.E.. Gurbami, V.K.. de Haas, E..
Hall, P. B., Harvanck, M. _Hawleyv. 5L _Haves, ], Hendrv, John 5. Hennessy,
G5 Hindsley, R.B_Hirata, CM.. Hogan, C. I, Hoeg. DW., Holmgren, D. 1.,
Holtzman, J.A. . Ichikawa, S_, Ivezié. Z._Jester. 5., Johnston, D.E.. Jorgensen. A.M._Jurié,
M., Kent, S M., Klemman, 5. J.. Knapp, G. B_Kniazev, A Y.,
Fron, B.G Kreesinski, J..  Kuropatkim, M., Lamb, DOy, Lamped, H.. Lee, B.C..
Leger. B, F.Lin. H. Long. DO _Lovedav, J. Lupton, B H_ Margon, B Vanden, B..

Page1293



IJRBAT, Special Issue, May, 2018 ISSN No. 2347-517X (Online)

Akarsu, O. and Kiling, C. B. (2010). LRS bianchi tvpe | models with anisotropic dark energy
and constant deceleration parameter. General Relativity and Gravitation, Vol. 42, No 1.
pp. 1149

Akarsu, 0. and Kilme, C. B (2010). Bianchi tvpe 111 models with anisotropic dark energy,
General Relativity and Gravitation, Vol 42, No. 4, pp. 763,

Akarsu, O, and Kiling, C_B. {2010, De-sitter expansion with amsotropic fluid m bianchs tvpe
| space time, Astrophvsics and Space Science, Vol, 326, No, 2, pp. 315

Bali. K. and Dave, 5. (20013). Bianchi tvpe-1X stning cosmological models with bulk viscous
fluid in general relanvity, Astrophysics and Space Science. Vol 285, pp. 503

Bali, R and Upadhayva, R.D. (2003). LRS bianchi tvpe | string dust magnetized cosmological
models, Astrophvsics and Space Science, Vol, 243, pp. 97

Bali, R. and Singh, . {2003). Bianchi tvpe-V bulk viscous flud stning dust cosmological
model in general relativity, Astrophysics and Space Scicnce, Vol 3K, pp. 387

Bali, R, and Anjali {2(43), Bianchi tvpe | magnetized string cosmological model in gencral
relativity, Astrophvsics and Space Science, Vol. 302, pp. 201

Bali, B, and Pareck, U, K. (2007), Bianchi tvpe [ string dust cosmological model with
magnetic field i general relativity, Astrophysics and Space Science, Vol 312, pp. 305

Bennett, C, L., Hill R. 5., Hinshaw G, Nolta M. R., Odegard N., Page L., Spergel D N,
Weiland J. L., Wnght E. L | Halperm M., Jarosik N, Kogut A, Limon M., Mever 5. 5,
Tucker G. 5 and Wollack E., (2003). First vear Wilkinson amsotropy  probe
observations: Foreground Emission, The Astrophvsical Jlournal Supplement Series. Vol
148, pp.97

Borkar, M. 5. and Chanan, 5. 5. (2010). Bianchi type | magnetized cosmological model in
bimetric theory of gravitation, Application and Applied Mathematics (AAM), Vol 3,
Mo, 2. pp. 363

Borkar, M. 5. and Chanan, 5. 5. (2010). Bunchi tvpe | bulk viscous flud string dust
cosmological model with magnetic field in bimetne theory of gravitation, Applications
and Apphed Mathematics (AAMY) Vol 5, No. 9, pp. 96,

Calkwad, M. P. and Borkar, M. 5 (20110, Biancli tvpe | massive string magnetized
baratrogpic perfect Nuid cosmolosical model in bimetrie theory of gravitation. Chinese
Physics Letter. Vol 28, M. B pp. 0R9803.

Borkar, M. 5. Chagan. 5. 5 amd Lepse, V. V. (2013). Evaluation of bianchi tvpe Vg
cosmological models with a banary mixture of perfect Muid and dark energy in bimetric
theory of gravitabon, International Journal of Applied Mathematics, Yol 25, No. 2. pp.
2051.

Borkar, M. 5 amd Gavakwad, F. V. (20014). Evaluation of Schwarz child’s exterior and
internior  solutions  im bimetric  theory  of pravitanon.  Applications  and  Apphed
Mathematics (AAM), Vol U, Mo, 1. pp.260.

Page1294



