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Spatially homogeneous Bianchi type-Il, VIII & IX smological models filled with barotropic fluid addrk energy are
obtained in a scalar tensor theory of gravitatiomppsed by Brans and Dicke in 1961. We considerctses when dark
energy is minimally coupled to barotropic fluid antien it is in direct interaction with it. In botdases, the equation of state
(E0S) parametepy,, changing fromgy, > -1 toa),, < -1, which is consistent with the recent observat8ome important

features of these models are also discussed.

1. Introduction

In the study of modern cosmology, we consider
that the total energy density of the Universe is
dominated by the densities of two components: the
dark matter and the dark energy. The recent
observational data strongly motivate to study
general properties of cosmological models
containing more than one fluid. These universes are
modeled with perfect fluids and with mixtures of
non-interacting fluids under the assumption that
there is no energy transfer among the components.
But, such scenarios are not confirmed by
observational data. This motivates us to study
cosmological models containing fluids which
interact with each other. In recent years there has
been immense interest in cosmological models with
dark energy in general relativity because of thw fa
that our observable universes is undergoing a phase
of accelerated expansion that has been confirmed
by several cosmological observations such as type
la supernova by several authors [2-8]. Caldwell [9]
and Huange [10] have discussed cosmic microwave
background (CMB) anisotropy and Daniel et al.
[11] have studied large scale structure and stgongl
indicate that dark energy dominates the present
universe, causing cosmic acceleration. Based on
these observations, cosmologists have accepted the
idea of dark energy, which is a fluid with negative
pressure making up around 70% of the energy
content of the present universe and to be
responsible for this acceleration due to repulsive
gravitation. Cosmologists have proposed many
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candidates for dark energy to fit the current
observations such as cosmological constant,
tachyon, quintessence, phantom and so on.
Evolution of the equation of state (EoS) of dark
energy a, :% transfers fromey, > -1in the near

D

past (quintessence region) t@, <-1 at recent

stage (phantom region). Akarsu and Kilinc [12,13],
Yadav [14], Yadav and Yadav [15] Pradhan et al.
[16,17], Pradhan and Amirhashchi [18] and Yadav
et al. [19] have investigated different aspects of
dark energy models in general relativity with
variable EoS parameter. The concept of dark
energy was proposed for understanding this
currently accelerating expansion of the Universe,
and then its existence was confirmed by several
high precision observational experiments ([20-22]),
especially the Wilkinson Microwave Anisotropy
Probe (WMAP) satellite experiment. The WMAP
shows that dark energy occupies about 73% of the
energy of the Universe, and dark matter about 23%.
The usual baryon matter, which can be described
by our known particle theory, occupies only about
4% of the total energy of the universe.
Measurements as of 2008, with the greatest weight
coming from the combination of supernovae with
either cosmic microwave background or baryon
acoustic oscillation data, show that dark energy
makes up 72+ 3% of the total energy density of
the Universe, and its equation of state averaged
over the last 7 billion years is = 1.00 £ 0.1. This

is consistent with the simplest picture, the
cosmological constant, but also with a great many
scenarios of time varying dark energy or extended
gravity theories. In order to explain why the cosmi
acceleration happens, many theories have been
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proposed. Although theories of trying to modify
Einstein equations constitute a big part of these
attempts, the main stream explanation for this
problem, however, is known as theories of dark
energies. This motivates us to study cosmological
models containing fluids which interact with each
other. Tolman [23] and Davidson [24] have
considered the interaction between dust-like matter
and radiation. Gromov et al. [25] have studied
cosmological models with decay of massive
particles into radiation or with matter creation.
Cataldo et al[26] have considered the simplest
non-trivial cosmological scenarios for an
interacting mixture of two cosmic fluids described
by power-law scale factors, i.e., the expansioa as
power-law in time. An interacting two-fluid
scenario for dark energy in an FRW universe has
been studied by Amirhashchi et f27]. Whereas,
an interacting and non-interacting two-fluid
scenario for dark energy in an FRW universe with
constant deceleration parameter have been
described by Pradhan et al. [28]. Adhav et al. [29]
have investigated interacting cosmic fluids in LRS
BianchiType-I cosmological models. Saha et al.
[30] have obtained two-fluid scenario for dark
energy models in an FRWuniverse. Adhav et al.
[31] have studied Kaluza-Klein interacting cosmic
fluid cosmological model. Reddy and Santhi
Kumar [32] have discussed two-fluid scenario for
dark energy model in a scalar-tensor theory of
gravitation. Amirhashchi et al. [33] have studied
interacting two-fluid viscous dark energy models in
a non-flat universe.

Brans-Dicke [1] theory of gravitation is a
natural extension of general relativity, which

introduces an additional scalar fiefl besides the
metric tensor g; and a dimensionless coupling

constanta . The Brans - Dicke field equations for
combined scalar and tensor field are given by

__ 1. 1 kK
Gij— 8rmp Ti . Egijqa,k¢ J

'_“’WE(”J(”,J

J
_¢_1(¢|;j - gijﬁk)k)
1)

and

@ = 8m(3+2w) T )

1
Where, G; = R; ~3 Rg; is an Einstein tensoR

is the scalar curvaturg. and N are constantsT;
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is the stress energy tensor of the matter and comma
and semicolon denote partial and covariant
differentiation respectively.

Also, we have energy — conservation equation

T/ =0 ©

This equation is a consequence of the field
equations (1) and (2).

Several aspects of Brans-Dicke cosmology have
been extensively investigated by many authors. The
work of Singh and Rai [34] gives a detailed survey
of Brans-Dicke cosmological models discussed by
several authors. Rao et al. [35] have obtainedtexac
Bianchi type-V perfect fluid Cosmological models
in Brans-Dicke theory of gravitation. Rao et al.
[36] have obtained axially symmetric string
cosmological models in Brans-Dicke theory of
gravitation. Rao and Vijaya Santhi [37] have
discussed Bianchi type-Il, VIl and IX magnetized
cosmological models in Brans-Dicke theory of
gravitation. Rao and Sireesha [38,39] have studied
a higher-dimensional string cosmological model in
a scalar-tensor theory of gravitation and Bianchi
type-Il, VIII and IX string cosmological models
with bulk viscosity in Brans-Dicke theory of
gravitation. Rao et al. [40] have obtained LRS
Bianchi type-l dark energy cosmological model in
Brans-Dicke theory of gravitation.

Bianchi type space-times play a vital role in
understanding and description of the early stafles o
evolution of the universe. In particular, the study
Bianchi types II, VIII & IX universes is important
because familiar solutions like FRW universe with
positive curvature, the de Sitter universe, thebFau
Nut solutions etc. correspond to Bianchi type II,
VIII & IX space-times. Rao et al. [41] have studied
Bianchi types Il, VIII & IX string cosmological
models with bulk viscosity in a theory of
gravitation. Rao et al. [42] have discussed Perfect
fluid cosmological models in a modified theory of

gravity.
In this paper, we will discuss spatially
homogeneous Bianchi type-ll, VIII & IX

cosmological models filled with barotropic fluid
and dark energy in a scalar-tensor theory of
gravitation proposed by Brans and Dicke [1].

2. Metricand Energy Momentum Tensor

We consider a spatially homogeneous Bianchi
type-Il, VIl & IX metrics of the form
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ds® = dt? - R2[d6? + £ 2(6)d¢?]

) @)
- 5?[dg + h(6)dg]

Where, (6,¢,¢) are the Eulerian angles, R and S
are functions of only.

It represents:
Bianchi type-Il if f (@)=1 andh(6) =6
Bianchi type-VIII if f(8) =Coshg and h(d) = Sinhg
Bianchi type- IX if f (§) = Sng and h(g) = Cosé

The energy momentum tensor for a bulk
viscous fluid containing one dimensional string is

T” = (P + ptot)uiuj ~ Pt 95 (%)

Where, o = P+ Pp andp, =p,, +p,- Here

p, and p, are energy density and pressure of the
barotropic fluid angp, andp, are energy density

and pressure of dark fluid, respectivelyy’ is the
four-velocity of the fluid andgijuiuj =1

In a commoving coordinate system, we get

Tll = -|—22 = -|—33 plOt '

and TJ-i:O for

plot
iZ] (6)
Where, quantitiesp,, and p,, are functions ot
only.

3.  Solutionsof Field equations

Now with the help of Egns. (5) & (6), the field
equations (1) for the metric in Egn. (4) can be
written as

R,S,RS S wf ¢ Rp Sp
R s RS R 2¢° qaR{pS(p 0
— 8P
@
LR, R+3_ 38 ap ¢ ,Rp
R® 4R* 2¢/ ¢ Rp ®)
__81py
[
LR R+5_ S _wff Ry Sp_8mpy
RS R 4R 20 Ry Sp @
9
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—S——R h@)e 9)¢:0 (10)
S R) ¢

¢7+¢7( E+§)_

(ptot ptot) (11)

(3+2 w)

Here, the over head dot denotes differentiatioh wit
respect td.
When J =0,-1 & +1 the field equations (7) to

(11) correspond to the Bianchi types II, VIII & IX
universes, respectively.

By taking the transformatioR =e?, S=¢”
and dt =ReSdT : the above field equations (7) to
(11) can be written as

n n wz a'¢ ¢'
a"+p" -a'*-2a'B +£ —t—
Y
_Smlot gla+2f
@
(12)
20" _aIZ —20",8' _ 3e4ﬁ +&(2‘7+2ﬁ) + a)(dz _M
4 20 @
+£ - _ 87ptot e4a+2[?
@ 4
(13)
48 2 ' !
2B +a? - &+ @ wpm BY a9
4 200 @ @
- 87113@ e4a+2,8
@
(14)
@ -p) "0 - 1s)
" 3 4a+2[3
¢ = 3+ 2w(p Put)€ (16)

Here, the over head dash denotes differentiation
with respect to ‘T’ anda, 8 are functions of ‘T’
only.

Since we are considering the Bianchi type-lI,
VI & IX metrics, we have
h(6) = 6,h(8) =sinh8& h(6) =cosf, respectively.
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Therefore, from Eqgn. (15) we will get the following
possible cases with(6) #0

@a-pg'=0and ¢g #£0
@a' -p'#20and ¢ =0
®a' - =0and ¢g =0

From the above three possibilities, we will
consider only the first possibility, since in other
two cases we will get cosmological models in
general relativity.

3.1. Cosmological modelsin Brans-Dicke

theory
We will get cosmological models in Brans-Dicke
theoryonlyincaseat’' =3 =0 and ¢' #0.
if ' =B =0, thenwe getr = +C.
Without loss of generality by taking the
constant of integration¢ = 0, we get
a=p 17)

Using Eqn. (17), the above field equations (12) to
(16) can be written as

" 2, C‘)Cdz ﬁ'(d ¢ _ -8y s
23" -3 =T PP 7 - Mot
Fose 2% 0 e o ¢
(18)
23" -3B% - +da“/’+w¢ _BY.Y
20 9 @ (19)
:_8”p[0'[ ]

4

+ Y- wy’ 3,3' ¢ _ 8779tot e85

3 2 _
5o 4 Z(i )

(20)

0= (P =3Pu)E” 1)

3

The field equations (18) to (21) are four
independent equations with five unknowns.
From Egns. (18) - (21), we have

+ xP+

33" -38" - (22)

wp® _ g _
20 @

From Egn. (22), we get
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& = (aT +b) 7 (23)

=(aT +b)" (24)

2wa+ )4w2a2 +20(3a% + 40 -1)
Wherem =

2aa
The Bianchi IdentityG ;= 0 leads toT i‘j =0
yields
P +3H (O + Pt) =0 (25)

The EoS of the barotropic fluid and dark field
are respectively given by

—PD
D

W:m

m = o and Wy

(26)

In the following sections we deal with two
cases: (i) non-interacting two-fluid model and (ii)
interacting two-fluid model.

3.2.

First, we consider that two fluids do not interact
with each other. Therefore, the general form of
conservation Eqn. (25)eads us to write the
conservation equation for the dark and barotropic
fluid separately as

Non-interacting two-fluid model

P *+3H (0 + P,)=0 @7)

and

Po +3H (o, + pp)=0 (28)

Here there is, of course, a structural difference
between Egns. (27) and (28). Because Eqgn. (27) is
in the form ofw, , which is constant, and hence it is

integrable. But Eqn. (28) is a function (gf
Accordingly, p, and py are also function af; .
Therefore, we cannot integrate Eqn. (28) as it is a

function ofa,, which is an unknown time
dependent parameter.
Integration of Eqgn. (27) leads to
—3(+wWm)
87p,, =87, (aT +b) (29)

3.3. Bianchi type-ll (0 =0) cosmological

model
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From Eqgns. (20), (23), (24) and (29) we get

_| Ga® -1)-2ma’(wm+3)

8D, ) (aT +b)™
(30)
—3(L+wm)
~8mp,(aT +b)

From Egns. (26) and (29) we get

From Egns. (19), (23), (24) and (31) we get

_[2ma’[1- (w+2)m] - (@* - 3)]

8rp, = 2 (aT +b)™*
=3(1+Wm)
~8mpow, (T +b) 2
(32)

From Eqgns. (26), (30) and (32) we get

—-3(1+Wm)
87p, =8mw, (aT +b) 2 31)
2 2 - 1+an
[2rna' [1_ (w+42) m] _(a' _3)] (aT +b) m+l _87wowm(aT +b)
WD = ] ] — 1+Wm (33)
(3 _1)_2Ta (@M*3) | a7 4 by™ — 87, (aT +b)
3.4. Interacting two-fluid model
Secondl ider the interaction between dark ~3(vm-o
econdly, we consider the interaction between aar 87‘4Dm - 87w0 (aT + b) 2 (37)

energy and barotropic fluids. For this purpose, we
can write the continuity equations for dark fluid

and barotropic fluids as

P +3H (£, + P)=Q 34
and

pD +3H (pD + pD) = _Q (35)

The quantityQ expresses the interaction between
dark energy components. Since we are interested in
an energy transfer from the dark energy to dark

matter, we conside@Q>0, which ensures that the

second law of thermodynamics is fulfilled [43].
Here we emphasize that continuity Egns. (34) and

(385) imply that interaction termQ should be
proportional to a quantity with units of inversmé

ie., Q D%. Therefore, a first and natural candidate

can be the Hubble factoH multiplied by the

energy density. Following Amendola et al. [44] and

Guo et al. [45], we consider
Q=3Hap, (36)

Where, 0 is a coupling constant.

Using Eqgn. (36) in Egn. (34) and after

integrating, we obtain
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From Eqgns. (20), (23), (24) and (37) we get

2 _ 1\ _ 2
87, :{(3a 1 221&1 (a)m+3)}(a_|_ +p)™
(38)
—3(1+wm-o
~8mp,aT+b) 2
From Eqgns. (26) and (37) we get
—3(+wm-o
87, =8, (aT +b) (39)

From Egns. (19), (23), (24) and (39) we get

rp, = (2Tl @+ 2~ (@) i1 4y
=3(1+wm—o)
~8mpw,(aT +b) 2
(40)

From Eqgns. (26), (38) and (40) we get
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Wp =

The metric in Egn. (4), in this case, can be wmitte
as

-3

2 2 ~3+m-o
[Zrna (1_ (C()+ Z)m) - (a _3)] (aT + b)m+1 _Blwowm (aT + b) 2
4 (42)
s , 3 - l+\g/m—a
(2" -1 2:1na (am+3) (aT +b)™* —87p,(aT +b)
From Eqgns. (26) and (29) we get
_ 1+
87D, =8w,@T +b)  ° (44)

ds = (aT +b) * dT* - (aT +b) (46" +dg?) (a2)
- (aT +b)™(dg + 6dg)*

Thus Eqn. (42) together with Eqgns. (30) to (33) and
(38) to (41) constitutes a Bianchi type-Il two Hui
cosmological model in Brans-Dicke [1] scalar
tensor theory of gravitation.

3.5.  Bianchi type-VIII (4 =-1) cosmological

model
From Egns. (20), (23), (24) and (29) we get

e’ -5)-ane’(@n+3) o e

4 (43)
—3(1+wm)
-87p, (aT +b) 2

870

Wp =

From Eqgns. (19), (23), (24) and (44) we get

87 p, = [2m{ - (w+ 2)21)32 -(@%-7)] (aT +b)™
=3(1+Wm)
~ 8w, (aT +b)
(45)

From Eqgns. (26), (30) and (32) we get

[2ma® (- (w+ 2)m) - (a® - 7)] - 1;
4 (aT +b)™ —87,w,, (aT +b)
—_ 1+V\4,n (46)

(3a% - 5) - 2ma’(wm+3)
4

3.6. Interacting two-fluid model

We consider now the interaction between dark
energy and barotropic fluids. For this purpose, we
can write the continuity equations for dark fluid

and barotropic fluids as

P *3H (0, + P)=Q @

and

Po +3H (0 +pp)=—Q (48)

The quantityQ expresses the interaction between

the dark energy components. Since we are
interested in an energy transfer from the dark

119

(aT +b)™* —8mp, (aT +b)

energy to dark matter, we considé>0, which
ensures that the second law of thermodynamics is
fulfiled [43]. Here we emphasize that the
continuity Egns. (47) and (48) imply that
interaction termQ should be proportional to a

guantity with units of inverse of time i.EQD%.
Therefore, a first and natural candidate can be the
Hubble factoH multiplied with the energy density.

Following Amendola et al. [44] and Guo et al. [45],
we consider

Q=3Hop, (49)

Whereg is a coupling constant.
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Using Eqn. (49) in Eqgn. (48) and after =3(1+wm-0o)
integrating, we obtain 87p,, = 8mpyw, (aT +h) 2 (52)
jl-mzfm——a) From Eqgns. (19), (23), (24) and (52) we get
87p,, = 87, (aT +b) (50)
2Mm_ _ 2 _
From Eqgns. (20), (23), (24) and (50) we get 8mpy = [2ma” @ (a)+j)m) (@ -7 (aT +b)y™
_ [(3a% -5) - 2ma’ (@ +3)] - —Htin-0)
8o = 2 (aT +b) - 870w, (aT +b)
3+ (51) (53)
2
870, (aT +b) From Eqgns. (26), (51) and (53) we get
From Egns. (26) and (50) we get
2 2 —3m-o
[2rna (l_ (C{)+ 2)m) B (a _7)] (aT + b)m+1 _87w W (aT + b) 2
0"'m
w, = 4 i (54)
3a® -5) - 2ma’(wm+3 2
{( ) 4 ( ) (aT +b)™ -8, (aT +b)
The metric in eqgn. (4), in this case, can be writte
as From Eqgns. (26) and (29) we get
= -3(1+
ds? = (aT +b) 2 dT2 - (aT +b)*(d#? + cost? Odg?) 5
8” pm = SWOWm(aT + b) (57)

~ (aT +b)}(dg + sinh6 dg)?
(55)

Thus, Eqn. (55) together with Egns. (43) to (46)
and Eqgns. (50) to (54) constitutes a Bianchi type-
VIII two fluid cosmological model in Brans-Dicke
[1] scalar tensor theory of gravitation.

3.7.  Bianchi type-1X (J =-1) cosmological

model
From Eqgns. (20), (23), (24) and (29) we get

_[3@* +1) - 2ma®(wm+3)]
o 4
—3(1+wm)
-8, (aT +b) 2

8, (aT +b)™*

(56)

120

From Egns. (19), (23), (24) and (57) we get

_matll- (@42 m =@ D] e

8mrp 2
=3(1+wWm)
—8mpw, (aT+b) 2

(58)

From Eqgns. (26), (56) and (58) we get
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Wy =

3.8.

2 2 - 1+\Am
[Zrna {1_ (&)+2) m} - (a +1)] (aT + b)m+1 _BMOWm(aT + b)
4
_ 1+an (59)
2 _ 2
{3(6‘ D 221a (wm+3)}(aT+b)mﬂ—87100(aT+b)
Inter acting two-fluid model
Secondly, we consider the interaction between dark jlﬂgm_—a)
87p,, =87, (aT +b) (63)

energy and barotropic fluids. For this purpose, we
can write the continuity equations for dark fluid
and barotropic fluids as

and

pD +3H (pD + pD): _Q (61)
The quantityQ expresses the interaction between
the dark energy components. Since we are
interested in an energy transfer from the dark
energy to dark matter, we consid@>0 which
ensures that the second law of thermodynamics is
fulfilled [43]. Here we emphasize that the
continuity Eqgns. (60) and (61) imply that the
interaction term @) should be proportional to a

quantity with units of inverse of time i.eQD%.

Therefore, a first and natural candidate can be the
Hubble factoH multiplied with the energy density.
Following Amendola et al. [44] and Guo et al. [45],
we consider

From Eqgns. (20), (23), (24) and (63) we get

_ [3(@° +1) - 2ma*(wm+3)]

87p, . (aT +b)™
=31+wm—o)
-8, (aT+b) 2
(64)
From Eqgns. (26) & (63) we get
=3(1+wm—0)
87D, = 8w, (aT +b)  ° (65)

From Egns. (19), (23), (24) and (65) we get

21 _ a2
arp, - T2 =@ 0] oy
—3+wm-o
W, (aT+b)  °

(66)
=3H/y
Q Prm (62) From Eqns. (26), (64) and (66) we get
Where, 0 is a coupling constant.
Using Eqgn. (62) in Egn. (60) and after
integrating, we obtain
2 2 —3+m-o
[2ma’[l~ (a)+j) mj = (a” +1)] (aT +b)™" - 8m,w,,(aT +b) 2
Wy = _ 1+VV[’n_J (67)

32" +1) - 2ma’(am+3)] (aT +b)™* -8, (aT +b) 2

4

The metric (4), in this case can be written as

121

-3

ds? = (aT +b) 2 dT? - (aT +b)*(d6? + cost? 0 dg?)
- (aT +b)*(d¢ + sinh@dg)’
(68)
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Thus Eqgn. (67) together with (56) to (59) and (63)
to (67) constitutes a Bianchi type-IX two fluid

cosmological model in Brans-Dicke [1] scalar
tensor theory of gravitation.

4. Some Other Important Properties of the
M odels

Thespatial volume for the models is

-3

1 -3
V=(-g)2=(aT+b) 2 (9 (69)
Theaverage scale factor for the model is
1 i
a=v>=(@T+b) 2[1@)°  (70)

The expression for expansion scathicalculated
for the flow vectoru' is given by

= ii :;3¢ 71
V' =3 @T+h) ()

and the shear scalar is given by
2.1 . _9 42 (72)

0°=50"0; B ose—
2° 1 8(ar+b)
The deceleration parametgris given by
-2 i 1 2

q=(-3¢7)(u +§6’ )=-3 (73)

The deceleration parameter appears with negative
sign implies accelerating expansion of the universe

which is consistent with the present day
observations.
The Hubble’'s parameter H is given by
H=_t_2 (74)
2 (aT +b)

The mean anisotropy parametey & given by

where

122

AH, =H, -H (i = 123) (75)

Look-back timered shift: The look-back time,
At =t, —t(2) is the difference between the age of the

universe at present time (z=0) and the age of the
universe when a particular light ray at red shifthe
expansion scalar of the universét,) is related to
a, by 1+z=%, where @, is the present scale
factor. Therefore, from (70), we get

=1
aT0+b 2
aT +b

1= )

This equation can also be expressed as

H AT =1- @+ 2)2

Where, H

(77)

0 is the Hubble’s constant.

Luminosity distance:

Luminosity distance is defined as the distance
which will preserve the validity of the inverse law
for the fall of intensity and, is given by

d, =r,@+2)a, (78)

Where r, is the radial coordinate distance of the
object at light emission and, is given by

0, - 2T +bh-ar ]
=] %dT R

T

(79)
From Egns. (78) and (79), we get
The luminosity distance
3 _
d - 3—1a0(1+ 2)(aT, + b)Z[l— 1+ 2) %} (©0)

From Eqgns. (79) and (80), we get
The distance modulus
3

- -3
D(2)= 5log —a, @+ 2aT, +b)2[1'(1+2) A} +25
3a 0 0

(81)
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The tensor of rotatiorwIj =Uj Y

zero and hence this universe is non-rotational.

is identically

5. Discussion and Conclusions

In this paper we have presented spatially
homogeneous Bianchi type - I, VIII & IX two
fluid cosmological model in Brans-Dicke (1961)
scalar tensor theory of gravitation.

The following are the observations and
conclusions.

® The models are always isotropic and have

singularity atT = b
a

® The volume decreases with the increase of
time i.e., as T - «, the spatial volume

vanishes.
® At T:_b , the expansion scaleg, shear
a

scalar ¢ and the Hubble parameter H
decreases with the increase of time.

® From (75), one can observe thaf, =0 and

this indicates that these universes always
expand isotropically.

® The deceleration parameter appears with
negative sign implies accelerating expansion
of the universe, which is consistent with the
present day observations.

® We have obtained expressions for look-back
time AT, distance modulus D(z) and

luminosity distanced, versus red shift and
discussed their significance.

®* All the models presented here are isotropic,
non-rotating, shearing and also accelerating.
Hence they represent not only the early stage
of evolution but also the present universe.
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