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Abstract. The problem of non-static plane symmetric perfect fluid distribution in Wesson’s [1]
scale invariant theory of gravitation with a time-dependent gauge function is investigated. The false
vacuum model of the universe is constructed and some physical properties of the model are discussed.
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1. Introduction

Wesson [1] proposed a simple formulation of scale invariant theory of gravitation incor-
porating the gauge functig®(x'), wherex' are coordinates in the four-dimensional space-
time and the tensor field identified with Riemannian metric teggorOne can interpret
0ij as a gravitational potential tensor, which determines the interaction between the matter
(or other fields) and the gravitation. It is pointed out that, this theory agrees with general
relativity up to the accuracy of the observations made up to now. Dirac [2,3], Hoyle and
Narlikar [4] and Canut@t al [5] have earlier studied several aspects of the scale invariant
theory of gravitation. But, Wesson’s [1] formulation of scale invariant theory of gravitation
is so far the best theory to describe all interactions between the matter and the gravitation.
Mohanty and Daud [6] have already studied the cosmological model governed by vac-
uum field equations when the space-time is described by homogeneous and anisotropic
Bianchi type-1 metric with gauge function. that paper, they have shown that the model
reduce to Kasner model [7] when cosmological constant is zero, but for non-zero cos-
mological constant, the model isotropize as in Einstein theory. Moreover, Mohanty and
Mishra [8] have studied the feasibility of Bianchi type-VIll and IX space-times combinedly
in this theory with a time-dependent gauge function and a matter field in the form of per-
fect fluid. In that paper, they have constructed the radiating model of the universe for the
feasible Bianchi type-VIII space-time. Itis evident from the literature that the investigation
in this direction is not yet complete and there is a need for further work, which may unravel
some of the hidden secrets of the theory.
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In this paper, an attempt is made to study the compatibility of non-static plane symmetric
space-time with a matter field in the form of pecf fluid in scale invariant theory with the
Dirac gauge functiofs = B(ct). In §2, the field equations of scale invariant theory are set
up. Ing§3, the explicit exact solution is obtained. §4, some physical properties of the
model are discussed and concluding remarks are givgh. in

2. Wesson'’s field equations

The field equations for scale invariant theory [1] with Dirac gauge function are

Gy +20l aBlL (gabB = 29”%”) 6 +NoB?gij = —KTij (2.1)

with
1
Gij =Rj — 5Raij- (2.2)

Here,Gjj is the conventional tensor involvirgg;, Tij the energy momentum tens&; the
Ricci tensor andR the Ricci scalar. Comma and semiaolrespectively denote partial and
conventional covariant differentiation usimgg. The cosmological terrhg;j of Einstein
theory is now transformed moﬁzgij in scale invariant theory with a dimensionless con-
stant/\g. G andk are respectively the Newtonian an&¥¢on’s gravitational parameter.
The line element for the plane symmetric non-static metric with a gauge fungtien

B(ct)is

dsg, = B2ds? (2.3)
with

ds? = "(Pdt? — dr? — r2d6? — S2d7), (2.4)
wherer, 8 andz are cylindrical polar coordinates ahdnds are functions of timé only.

Here, the region of the spat¢ene containing perfect fluid is considered, whose energy
momentum tensor is given by

T = (Pm+ PmC?)UiUj — pmdij (2.5)
together with
gju'ul =1, (2.6)

whereU' is the four-velocity vector of the fluidpy, andpm are proper isotropic pressure
and mass energy density of the fluid respectively.
The surviving components of conventional Einstein tensor (2.2) for the metric (2.4) are

2

r
2 —
r“Gi11=Gor =

r 4 2 S
> [2h44+ < Hhi+2he ], 2.7)
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&
Gas = [2Maa+ hal, (2.8)

Gaa = [305 + 2h4%] . 2.9)

Hereafterwards the suffix 4 after a field vdoi@ denotes exact differentiation with respect
to timet only.

Using the comoving coordinate frant, 0,0, ceh), the non-vanishing components of
the field eq. (2.1) for the metric (2.3) can be written in the following explicit form

r Gll—Gzzz—KpmeZh——[ @-F(Zh +2— )&—B—‘%—/\oﬁzczez"},

B B B2
(2.10)
G333 = —KpmszeZh—Cf |: %-{—(2?14)% —g—é—/\oﬁzczeZh] , (2.12)
Gus = 4g2h Bs B; 2.2.2h
10 = —KPmC e + (6h +23 )3_ ﬁ—/\oﬁcez . (2.12)

Equations (2.1) and (2.10)—(2.18)ggest the definition of quantitigs (vacuum pressure)
and p, (vacuum density) which involve neither the Einstein tensor nor the properties of
conventional matter [1]. These two quantities can be obtained as

[344 Bs B2
2 (2h 4+ ) 5 B—‘; — NoB2c2 = K pyc2e?, (2.13)
I344 Ba BF \ p22.0n_ 2.2
B + (2hg) = 3 g NoB?c?e™ = kpyc?e®, (2.14)
(6h +2= ) Pa_Pi NoB?c?e" = —kp,cte? 2.15
4 B BZ 0 va . ( . )

In this case, when there is no matter and the gauge fungtigra constant, one recovers
the relation

4 )\GR

2. - _ i 2 —
cpy = C87TG py i.e.copy+py=0, (2.16)

which is the equation of state for vacuum. Hexeg = Ao3% = constant is the cosmolog-
ical constant in general relativity. Algm, being dependent on the constah¢s, c andG
is uniform in all directions ath hence isotropic in nature.

Itis evident from the aforesaid equations tpateing isotropic is consistent only when

s=dj, since% #0, (2.17)

whered; is an integrating constant.
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Using eq. (2.17) in eqgs (2.13)—(2.15), the pressure and energy density for the vacuum
case can be obtained as

2
b= {Z% + 2h4% - % —/\OBZCZeZh] , (2.18)
1 2

pv andpy refer to the properties of vacuum only. The definition of the above two quantities
is natural as regards to the scale invariant theory of vacuum [1]. The total pressure
total energy densitp; can be calculated as

Pt = Pm+ Pv, (2.20)
Pt = Pm+ Pv. (2.22)
Using the aforesaid definition g andpy, the field equations in scale invariant theory i.e.,

egs (2.10)—(2.12) can now be written using the components of Einstein tensor (2.7)—(2.9)
and the results obtained in eqgs (2.17)—(2.19) as

2has+h2 = —kpc?e™, (2.22)
h3 = kpicte?. (2.23)
3. Solutions

Equations (2.22) and (2.23) are two equations in three unknownshyig:,andp;. For
complete determinacy one extra condition is needed. So, the equation g staie® = 0,
i.e., false vacuum model is considered.

Using the equation of stafg + pc®> = 0, egs (2.22) and (2.23) yield

h = dpt + da. (3.1)

Now, the total pressurg; and total energy densiyt can be given as

= —pic? = —%[d%’e’z‘dzt*d”]- (3.2)

The pressure and energy density corresponding to vacuum case can be calculated as

e 2dt+ds) 1By, Ba /34% 2.2
S £ Yt P4 P4 (dat+d3)
Py s {2 3 +20|2[3 B NofB2c?e? } (3.3)
e 2(dpt+d3) B4 Bf 9 2
s P4 aP4 (dot+d3)
Py |6 3 3 NoB2c’e? . (3.4)

The matter pressung, and energy densitgy, can be obtained as
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1 -~ do 3 No
Pm = — = |:e 2(dpt-+d3) (d% _ ZT + t_2> — t_2:| , (3.5)
1 _ do 3 No
Pm = - |:e 2(dpt+ds3) <d§ — GT + t_2> — t_2:| . (3.6)

So, the false vacuum non-static plane symmetric model in scale invariant theory is given
by eqs (2.17), (3.1) and (3.2). The metric in this case is

ds = Cz_ltz{ez(dzt+d3) (c%dt? — dr? — r2de? — 2d2)}. (3.7)

4. Some physical properties of the model

The scalar expansion of the model can be calculated as

i 3d>

—i =
0=U; celdat+ds) ’
from which it is evident tha® — 0 ast — o, i.e., the universe is expanding with increase
of time and the rate of expansion is slow with increase in time.

It is observed that

Pm —oo ast—0 and Pm — constant ag — o«
2 2
which confirms the homogeneity nature of the space-time.

The shear scalao = 0, which indicates that, the shape of the universe remains un-
changed during evolution. Also the space-time is isotropized during evolution in scale
invariant theory. The vorticityV of the model vanishes, which indicates th#tis hyper-
surface orthogonal. As the acceleration is fotmdbe zero, the matter particle follows a
geodesic path in this theory. Further, it is observed that

Pm—o ast—0 and pm—0 ast— oo,

which indicates that there is a Big Bg-like singularity at the initial epoch.

5. Conclusions

The non-static plane symmetric cosmological model constructed here expands with
increase of time and the rate of expansion is slow with increase in time. As far as the
matter is concerned, the model admits Big Bang-like singularity at the initial epoch. Itis
also observed that, the matter dengityvanishes for\g = —3, butpny # 0 ford, =d3 =0.

Thus for a viable physical situatioNg # —3. The model appears to be steady state.
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