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ABSTRACT

In this paper,Z =(Z— t) plane gravitational wave is studied with the mattemain wall in the framework of

Rosen’s Bimetric theory of gravitation and obsertleat the domain wall does not exist in this thedmd further,
we discussed some of the physical and kinematiopkypties of the models.
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INTRODUCTION

The theory ofplane gravitational waves in general relativity éddeen developed by many investigators like Ein-
stein[2];Rosen[9]; Bondi, Pirani and Robinson[3f@&akeno H.[10].Takeno has discussed the matherh#tieary

t
of plane gravitational wavesnd classified them into two categoriés= ( - t) andZ = (—j
VA

According to him, a plane wavg. =0 is a non-flat solution dRicci tensorR. =0 in general relativity and in
g p i j g y

some suitable coordinate system, all the comporadritee metric tensor are functions of a singldalge Z = Z (z,
t) (i.e., a phase function).

Takeno [11] deduced the space-time having planarstny characterized by Taub [1] fof = ( - t) type plane
gravitational waves as

d=— A dX+ dy)- G dz- o) 1)
where A and C are arbitrary functions of Z, afid= ( z- t)
Recently, Bhoyar and Deshmukh [4] transform the rime{l) to (2) using suitable transformations for

typeZ = (lj plane gravitational waves which takes the form
V4
S=- Ad¥X+ dy)- ZB dz+ Bd @)

where A and B are functions of Z and Z = (t/z).
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Further, Bhoyar and Deshmukh [5] have studd- ( - t) type plane fronted waves and electromagnetic waves
with massless scalar plane wave and massive guala waves in Peres space-time.

Also Sahoo, Behera, Tripathy et al [6] have ingzted inhomogeneous

Cosmological models in Bimetric theory of GravitettiAlso,Deo and Ronghe [7];Deo and Suple[8] hauelistl
plane gravitational wave with wet dark enegy in Birit Relativity.

In this paper, we will study = ( - t) type plane gravitational waves with the mattemdm wall and we will

observe the result in the context of Bimetric tlyeofr Relativity. Also, some physical and kinematipeoperties of
the models are discussed.

FIELD EQUATIONSIN BIMETRIC RELATIVITY:
Rosen N.[9] has proposed the field equations as

K/'=N'-%Ng =-8m«T 3)

Where N ij =y’ |: g" Ohila ] B @)

N=N/ , = [& (5)
4
w0 9=|g  v=n ©

Where a vertical bar (]) denotes a covariant difiéation with respect tg; and the energy momentum tensor for
the matter domain wall is given by

T =e(g/ +ww)+pww 0

where £ is the energy density of the wal? is the pressure in the direction normal to the @lahthe wall andw,

is the unit space- like vector in the same directiath W, w =-1.

In Particular W, W = -1

Z=(z-t) TYPE GRAVITATIONAL WAVEWITH THE MATTER
DOMAIN WALL

For plane gravitational wavg = ( z- t) , we have the line element as,

ds’=- A(d¥ + dy)- q dZ- i) 8)
Where A=A (2),C=C (2) an& = ( z- t)

Corresponding to equation (8), we consider thedieenent for back- ground metr';qj as

do? =—(dx + dy + d7)+ dt 9)
Since Y is the Lorentz metric i.e. (-1,-1,-1, 1), themef )y covariant derivative becomes the ordinary partial
derivative.

Using equations (3) to (7) with equations (8) a@d ye get,
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c® c c* C)_
il Rl = -167/kp (10)
c® c’ c? C
= _? _KCZ—E]:1677K£ (12)

2 " . .o
A A A? A

= — |~ >~ — |=16nke (12)
A A A A
where the overhead primes and dots denotes diffatien of the metric potentials with respeciztand t resp.

Let us consider that,

A=p(2q(?) (13)
and C=r(2)s(t) (14)
so that AP D (2) (15)

A p

A_Qg
— === F (t 16

A (t) (16)

cC _r
And —=—=E 17

n o " (2) (17)
C $
— = —= G (t 18
c S (t) (18)
Using equations (15)-(16) and equations (17) —, (tt®) field equations (10)-(12) reduces to
E -G=-16/p (19)
E -G=167ke (20)
D -F =167&e (21)

From equations(19)-(21), it is clear that+ & = O which refers to the false vacuum state.

In view of reality conditionp = 0,& 2> 0, we can takeo = & =0 keeping an eye on the accelerated expansion
phase of the universe (inflationary phase).We numsitler 0 = —& with finite non zero values 0P ande.

In FRW model, the negative pressure correspondsrépulsive gravity and it is associated with cosmical con-

stant /A in general theory of relativity. In the same manmee consider this false vacuum state in ordexxqalore
some of the interesting features of this modd&imetric theory of relativity.

From (20) and (21), we get
D-F=E -G

ie. D-E=F-G (22)

The possible implications of t‘his equation are,

) D(®=E(9=HY)=Qq)=0 (23)

(i) D(2)=E(2 (24)

and F(t) = G(t) (25)
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(i) D'(2)-E(2= AY- @)= J= consant (26)

INFLATIONARY COSMOLOGICAL MODELS
CASE I: Itis evident from equation (23) th&, E, Fand Gare constant quantities.

Let us suppose thdD =a, E=b, F=¢c and G= ¢

where a, b, ¢, d are constants of integration.
Integration of above relation yields to

A=q,e”" (27)

C = B, (28)
With the convenient choice of the constantg = ,80 =1, the metric equation (8) for this model can beresped
as

ds?=- e (dxX + dy) - &9 dz- d?) (29)

From equation (19) and (20), we derive the phygicaperties of the model expressed in general as,

p:—fzﬁ(E'—G) (30)

Since E and G are constant quantities for the ptesedel given by equation (29), the proper pressarand the

energy density assume null values i@ = £ = 0.For all negative values of D = a and E = b cortstafues, the
local inhomogeneity vanishes for large values dfte volume scale factor of the model can be expkas
T=AC=exp[(a+ b)z (& d)t (31)

this clearly represents an inflationary vacuum arse.

CASE |1: Using equations (24) and (25), we may consider,
D(z)= E(2 (32)

And  F(t)=G(t) (33)

Baring the discrepancies in the proportionality stants, from equations (32) and (33) it can be rtsiced
thatALJC.

Integration of equations (32) and (33) yields to
A=a,exp([E(2)dz+ [ G(yd) (34)

c :ﬁlexp(jE(z)dz+j G(t)dt) (35)

Therefore, the metric (8) for this model can beregped as

ds?={-a,(dx + dy) - B,(dZ~- dD}exp([ E(2 dz @) i (36)

The present model equation (36) is more involved te metric potentials are expressed in the quadydorm.
This is because of the nature of the metric chasettescribe the model and sindd]C, p = —¢, all the field

equations (10) to (12) reduces to a single equaliosuch a situation it is not easy to get a paltdir solution for the
equations and the metric potentials are to be takgnadrature form or else is chosen arbitradlgatisfy the phys-
ical situations of the universe.

The interesting feature of the model is that if @é®ose E = z and G = t, we get the same resuladigrei.e.
p=—-=0
It may be noted here that linear functions of E @é1do not leads to the survival of the model in &uvs bimetric
theory of relativity. Any other convenient choiggghe functional E and G may provide some deteateirsolutions
to the model.
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The volume scale factor for the model can be esqm@ as

r=Ac=a,pexp| 2f[ E(2)dz+ [ 61 d}] (37)

The inflationary nature of the model depends upgenftinctional G.For a choice of E = z and G = yatipn (37)
reduces to

r=a,p exp[ 2+ tz] which represents an accelerating universe.

CASE I11:
From equation (26) and using equations (15) &), (de get
2
p= plexp(llz—+lzz+f Edzj (38)
2
r=r exp( _[ Edz) (39)
t2
q= qexp[ |15+I3t+J'Gdtj (40)
s=5 exp(j Gd) (41)
where p,, ;. 1, S, l,,l;are constants.
Using equations (38) - (41), and equations (134),(the metric potentials can be expressed as,
A:azexp(l—l(zz+t2)+ Lz+ L+ [ Edz+ | GdB (42)
2
C=p, exp(j Edz+j Gd) (43)
wherea, , B, are constants.
The metric (8) for this model can be written as
(44)

ds? ={-a,(d¥ + d)f)}exp(%( Z+ t)+ )z Ju [ Edz| Gd}—{ﬂz( dz a)}exp(j E( )z dz © t)(

In this model, the metric potentials are expressapiadrature form and the properties of the mdéglend upon
the choice of the functional E and G. For the coiemet choice of E =z and G = 9 = —& = Oleading to vacuum
state. We may infer that any other convenient awaf the functional may leads to interesting fezgwf the mod-

el.

If we take E = z and G =t, the metric given byatipn (44) can be expressed as

4 :{{_az(d)@+ dy?)} eXth +1j (Z+ t)+ J = Jﬂ_{ﬁz( dz- dzt)}} ex;{

22+ tz} (45)
2

2
The volume scale factor of the model equation (&) be expressed as

I
r=a,pB, exp{—l @+ )+ Lz+ Lt+ 2"' Edz+ Zf Gdﬂ
2
which represents an accelerating universe andlffanaeasing functionals E and G, the model repnés an infla-
tionary model.

(46)
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MATERIALSAND METHODS

The plane gravitational waves are discussed witnado wall in the context of Bimetric theory of rilaty. We
have used the field equations of Bimetric theoryeatdtivity analogous to general theory of reldtivHere we have

used two metric tensods’ and do?and one of them is flat metric ido® which is in field equation given by
equation (3) but not in the matta'{j .

In general theory of relativity only one metric $enis used i.eds .
RESULTSAND DISCUSSION

In the above model, the solutions to the field ¢éigns are obtained in quadrature form. Any convenahoice of
the functional E and G will leads to interestinfldtionary solutions of the model. However the deoof E (z) =z

and G (t) =t reproduce the vacuum models (oe= —& = 0).With certain convenient choice of the metric pete

tials corresponding to the physical situationshaf universe, it can be ascertained that the iob@mogeity is re-
moved for large values of z and the propertiehefrhodel depend upon the space and time coordioftes space
time.

CONCLUSION

In the present work, we have investigatéd= ( z- t) type plane gravitational wave domain wall solutiarthe

framework of Rosen’s bimetric theory of relativeipd we observed that domain wall does not exigtigtheory.
In order to get some determinate solution, we ressimed that inflationary kind solutign = —& which repre-

sents false vacuum state. The usgat £ equation of state provides only the vacuum solutienp = £ =0.

Acknowledgment
The authors are thankful to Dr. R. D. Giri, Promé&ritus, P.G.T.D. (Mathematics), R. T. M. N. Uadyur, India
for his constant inspiration.

REFERENCES

[1] Taub A. H.,Annals of Math53, 472 (1951).

[2] Einstein A. and Rosen.N J. Franklin Institute223, 43 (1937).

[3] Bondi H., Pirani F. A. E. and RobinsonProc. Roy. So@251, 519 (1959).

[4] Bhoyar S. R., Rane R. S, Int. J. Theor. PB@s11 DOI Katore S. D., Deshmukh A. @0(11); 10.1007/s10773-
011-0853-4.

[5] Bhoyar S. R, Deshmukh A.G Romani@eports in Physi¢$/0l.63, No.1, P.25-342011

[6] Sahoo,Behera, Tripathy et@bmmunication in Physic¥0l.20, No.2, pp.121-127

[7] Deo and Ronghédnternational journal of mathematical archig (3), Mar.2011, P. 391-392

[8] Deo and Suplénternational journal of Scientific and Innovatindathematical Researckolume 3, Issue 3,
March 2015, PP 65-69

[9] Rosen N. 1973) Rela. Grav 04, 435-47.

[10] Takeno H., “The mathematical theory of plamauifational waves in general relativity”, Sci. grelnst. Theor.
Phys. Hiroshima University, Japal961).

[11] Takeno H., Tensor, Ng 97 (1957).

178
Pelagia Research Library



