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Abstract. Expanding Bianchi type I magnetized bulk viscous models with two tilted fluid filled with disordered
radiation and heat conduction are investigated. Here we assume a linear relation between shear and expansion i.e.

(o2
— =constant, which leads to A=BC, where A, B, C are metric potentials. The coefficient of bulk viscosity is

assumed to be power function of mass density. It has been shown that tilted nature of the model is preserved due to
magnetic field. The various physical and geometrical properties of the models are discussed. The nature of the
models in presence and absence of magnetic field and bulk viscosity are also discussed.
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1.1 Introduction

Many cosmologists believe that the standard cosmological models are too restrictive because of their insistence on
isotropy. Several attempts have been made to study nonstandard (anisotropic) cosmological models (Narlikar
[1],MacCallum [2]). It would therefore be fruitful to carry out detailed studies of gravitational fields which can be
described by spacetimes of various Bianchi types. Viscosity plays an important role in explaining many physical
features of the homogeneous world models. Since viscosity counteracts the cosmological collapse, a different picture
of the early universe may appear due to dissipative processes caused by viscosity. Homogeneous cosmological
models filled with viscous fluid have been widely studied. Murphy [3] possessed on interesting feature in that the
big-bang type of singularity of infinite space time curvature does not occur to be a finite past. However, the
relationship assumed by Murphy between the viscosity coefficient and the matter density is not acceptable at large
density. Roy and Prakash [4] have obtained some viscous fluid cosmological models of plane symmetry. It is also
well known that the presence of strong magnetic field is exhibited by galaxies and interstellar space and give rise to a
kind of viscous effect in the fluid flow. The effect of bulk viscosity on the cosmological evolution has been
investigated by a number of authors in framework of general theory of relativity (Padmanabhan and Chitre [5]; Johri
and Sudarshan [6]; Maartens [7]; Zimdahl [8]; Singh, Beesham and Mbokazi [9];Klimek [10];Banerjee et al. [11];
Dunn and Tupper [12]; Roy and Singh [13]; Ribeiro and Sanyal [14]; Santos et al. [15].

Homogeneous and anisotropic cosmological models have been studied widely in the framework of general relativity.
These models are more restricted than the inhomogeneous models. But in spite of this, they explain a number of
observed phenomena quite satisfactorily. In recent years, there has been considerable interest in investigating
spatially homogeneous and anisotropic cosmological models in which matter does not move orthogonal to the
hypersurface of homogeneity. Such types of models are called tilted cosmological models. The general dynamics of
tilted cosmological models have been studied by King and Ellis [16] and Ellis and King [17]. The cosmological
models with heat flow have been also studied by Coley and Tupper ([18], [19]), Roy and Banerjee [20]. Ellis and
Baldwin [21] have shown that we are likely to be living in a tilted universe and they have indicated how we may
detect it. Also, general relativity describes the state in which radiation concentrates around a star. Klein [22] worked
on it and obtained an approximate solution to Einstein’s field equation in spherical symmetry for a distribution of
diffused radiation. Singh and Abdussattar [23] have obtained an exact static spherically symmetric solution of
Einstein’s field equation for disordered radiation. Roy and Singh [24] have obtained a non-static plane symmetric
space time filled with disordered radiation. Teixeira, Wolk and Som [25] investigated a model filled with source free
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disordered distribution of electromagnetic radiation in general relativity. Bagora [26-27] obtained tilted
homogeneous cosmological model with disordered radiation in different context. Motivated by these studies, in this
paper, we propose to find tilted Bianchi type I cosmological models filled with disordered radiation in presence and
absence of a bulk viscous fluid, heat flow and magnetic field.

1.2. The Metric and Field Equations
We consider the metric in the form

ds’ = -dt* + A’dx* + Bdy” + C*dZ*, (1)
where A, B and C are functions of cosmoic ‘t’ alone.

The energy-momentum tensor for perfect fluid distribution with heat conduction is given by Ellis [28] taken into the
form

T/ =(e+p)v,v’' +pgl +qv’ +v.q’ +E], 2
where p=€ _EJV; (3)

Here €, p, P and & are the energy density, isotropic pressure, effective pressure, bulk viscous coefficient

respectively and v; is the flow vector satisfying the relations
giVvV'= 1,4¢>0,qv'=0 ©)
where q; is the heat conduction vector orthogonal to v;.

Here Ef is the electromagnetic field given by Lichnerowicz [29] as

— 1 A
Ei=q {|h|2 (ViVJ +5gfj—hih1}, (5)
where L is magnetic permeability and h; is the magnetic flux vector defined by

h :—E e F¥yi,

i ZH ijk¢ (6)

F,, is the electromagnetic field tensor and €, the Levi-Civita tensor density.

From (6) we find that h; # 0, h, =0, h3= 0, hy# 0. This leads to Fi, = 0 = F 3 by virtues of (6). We also find that F, =
0 = F,4 due to the assumption of infinite conductivity of the fluid. We take the incident magnetic field to be in the
direction of x-axis so that the only non-vanishing component of Fj; is Fa;.

The first set of Maxwell’s equation Fjj; + Fj; + Fyi;; = 0,leads to F 3 = constant H (say) .

From the equation (6) and (5), we have

—H?
1 2 3 4
Elz—anZCZ =-E;=-E;=E, . @)
The fluid flow vector v' has the components (Smh A , 0, 0, cosh lj satisfying (4) and A is the tilt angle.
j 1 = j — (=
R/ —ERgi =-8nT/, (c=G=1) ®)

The field equation (8) for the line element (1) leads to

B B 2q,sinhA 2
Bu Cu B grl(capysinnih e 22800 H 1
B C BC A 21 (BC)

€
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w Cu  AC, o 5+ _H 1, (10)
A C AC 2i1 (BC)
2
Au  Bu (AB, oo L - (1D
A B AB 21 (BC)
AB, A B i 2
Bi AL BC | o (e+p)coshh4p—2g, UM ___H -, (12)
AB  AC  BC A 2u(BC)
c 1.2
(e +p) AsinhA coshA + q,coshA + q, sinh X—O, (13)

coshi
where the suffix ‘4’ stands for ordinary differentiation with respect to the cosmic time ‘t” alone.
1.3. Solutions of Field Equations

Equations from (9) to (13) with (3) are six independent equations in eight unknowns A, B, C,e, p, , q and A . For

the complete determinacy of the system we need three extra conditions.

1) We assume that the model is filled with disordered radiation which leads to
€ =3p. (14)
(ii) A relation between metric potential as
A=BC. (15)
(iii) The coefficient of bulk viscosity (&) is inversely proportional to expansion (0) i.e.
€ oc l . (16)
0

The motive behind assuming the conditions A = BC is explained as follows: Referring to Throne [30].the
observations of velocity-redshift relation for extra-galactic sources suggest that the Hubble expansion of the

universe is isotropic to within 30% [31-32].More precisely, the redshift studies place the limit 6/H < 0.30

where G is the shear and H the Hubble constant. Collins et al.[33] have pointed out that for spatially
homogeneous metric, the normal congruence to the homogeneous hypersurface satisfies the condition

©/0 = constant. The condition G} / 0 =constant leads to A = (BC)" when the tilt angle A =0 .Here G} is the

; 1
eigenvalue of shear tensor Gf .Also, the condition & oc 6 is due to the peculiar characteristic of the bulk

viscosity. It acts like a negative energy field in an expanding universe ( Johri and Sudarshan [34]).

Equations (9) and (12) with (3) and (14) lead to

B C 2B,C, A, C, A,B
T T SR =8n(2p+?’;9)+% , (17)
B C BC AC AB B°C
2
where Sn_H =K. (18)
m
Equations (10) and (11) with (3), lead to
2A44 C44 B44 A4C4 A4B4 K
—Hp M By A A3 3 = en(p-E0)——— . 19
A C B AC AB (P=56) B°C’ (1)

Again equations (10) and (11) lead to
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where ‘a’ is constant of integration and BC= p, E =V. 21
Equations (17) and (19) lead to
A B C A,C B,C A,B
44+44+44+44+44+44:12‘:9- 22)
A B C AC BC AB
By condition (16) we can assume that
126= . (23)
Equation (22) with use of (21) and (23), leads to
2 2
2
2Ha 3B 1fVe =y, (24)
n 4\ pn 4\ v
where A= .
From equations (20) and (24), we have
2o 11a* +55bp*’* +20yu*
- 5 : (25)
where p, =f(p).
From (20), we have
logv =av/55 du . (26)
puyl1a® +55bp®’* + 20yp*
By introducing the following transformations
u=T,x=X,y=Y,z=2.
The metric (1) becomes
—- 55T T
ds® = - — - |dT? + T?dx* + Tvdy® + —dz*. 27
11a” +55bT°"" +20¢yT v
where v is determined by (26) when L =T .
1.4. Some physical and geometrical features
The pressure and matter density for the model (27) are given by
1
8n(p—§9):W(55b—112yT“/4 —88KT**), (28)
3 11/4 3/4
—(55b—112yT""* —88KT*). 29)

8r(e —3E0) = ———
eS80 =6t

The tilt angle A is given by
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_ 1/4 3/4
ok \/2751) 220" ~176K T

(30)
2(165b + 4yT''*)
The scalar of expansion 0 is given by
0= 22y, 11a* +55bT** +20yT* 31
T® | 110(165b+ 49T 4)* (275b — 220yT ¥4 —176KT*)
If we put & = 0 in equations (28) — (31), we get the following solutions
1
=—————(5b-8KT""),
P 28T ( )
ez;(Sb —8KT'*)
1287T""* ’
_ 3/4
cosh 2 = 25b —16KT ,
30b

e_2(25b—19KT3“‘)\/ a’ +5bT"*

5T 6b(25b —16KT*'*)

If we put K = 0, then above mentioned quantities lead to

_5b

P g

o 15b
128=T'"*”’

coshkz\/g,
6

2 a’+5bT*

T? 6 '
Thus given &(t) we can solve the system for the physical quantities. Therefore, to apply the third conditions, let us
assume the following adhoc law (Maartens [7], Zimdahl [8]).

E=¢&¢€". (32)
where &, and m are real constants. If m = 1, equation (32) may corresponds to a radiative fluid (Weinberg [35]),

whereas m = 3/2 may correspond to a string dominated universe. However, more realistic models (Santos [15]) are
based on lying the regime 0 <m < % .

0

Model-1 & =§,.
When m = 0, equation (32) reduces to & = &, and hence equations (28) and (29) with the use of equation (31) lead to
1
=& 0+——(55b—112yT""* —88KT"*) , 33
p éo 14087'CT11/4 ( y ) ( )
3
e=38,0+—————(55b—112yT""* —88KT*'*) . 34
E_!O 14087'CT11/4 ( Y ) ( )
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Model-II &= §je.
When m = 1, equation (32) reduces & = e and hence equations (28) and (29) with the use of equation (31) lead to

_ (55b—112yT""* —88KT*'*)
1408nT""*(1-3¢,0)

(33)

3(55b—112yT""* —88KT**
&= ( };1/4 ) * (36)
1408nT " (1-3&,60)
The non-vanishing components of shear tensor, rotation tensor, flow vector v' and heat conduction q' are given by

iy _\/275b —220yT""* —176KT*"*

) 37
2(165b + 4yT") G
gt = (350 228¢T"" +176KT™Y) |(275b —2204T"" ~176KT"") 58
1408nT""* 2(165b + 4yT"'*) '
o My, [(l1a® +55bT" +209T*)(275b - 220y ~176KT"*) 39)
6 110(165b + 4yT'"*y* ’
o 1v]- w1182 1 556 + 20yT* + 3ay, T455 | o)
2 = E
6T 110(165b + 4yT"* | (275b — 220yT""* —176KT*'*)
~11|y,/11a* +55bT** +20yT* +3aw3TJ§|
Oy = 41

v 110(163b + 4yT"* ) (275b — 22097 —176KT**)

o~ lGsb+ 228yT"* +176KT* *)y, (11a% +55bT%"* + 20yT*)
“ 6 110(165b + 4yT""*)*(275b — 220yT""* —176KT**)’
(42)
=y, —vyy) (11a® +55bT%* +20yT*) @)
" 8T 110(165b + 4yT"""*)* (=55b — 228yT"/* —176KT*)
Here

v, =4125b% — 5537.5byT 7% —3135bKT* —80y°T "2 — 32KyT 2,
v, =4125b% ~12550byT""* — 4620bKT'* —80y>T"""* + 64KyT™?,
v, =4125b> —3200byT"""* — 2640bKT** —80y>T'"? — 64KyT""2,
W, =4(165b + 4yT"*)? (55b + 228yT""* +176KT"*),

v, =1375b + 260yT""* +176KT*"*,

v, =11[9350byT""* + 1980bKT>"* —128KyT""*].

The rates of expansion (H;) in the direction of X, y and z axes are given by
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1 [11a® +55bT%"* + 20yT*
le_z\/ . (44)
T 55
i 2 5/4 4 ]
H, - 12 \/11& +SSHT 42001t | )
2T 55
i 2 5/4 4 ]
. \/lla +5SHT +20yT )
2T 55

1.5. Conclusion

The model has point type singularity at T = 0.The model starts expanding with a big-bang at T=0 and the expansion
in the model stops at T=oo.The Hubble parameters H, — oo at T=0.The magnetic field and bulk viscosity posses

the expansion in the model. At the initial stage their energy density €—> o but for T—>o,e—>0 ie.€ is
decreasing function of time and metric is asymptotically empty. In the absence of magnetic field and bulk viscosity
the model reduces to non-tilted model otherwise model is tilted model. In general, model is expanding, shearing and

Lt c
rotating. Since T — # () then the model does not approach isotropy for large values of T.
—
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