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Abstract 
 
It has been recently shown that, since in general relativity (GR), given one time label t, one can choose any 
other time label t → t* = f(t), the pressure of a homogeneous and isotropic fluid is intrinsically zero (Mitra, 
Astrophys. Sp. Sc. 333, 351, 2011). Here we explore the physical reasons for the inevitability of this mathe-
matical result. The essential reason is that the Weyl Postulate assumes that the test particles in a homogene-
ous and isotropic spacetime undergo pure geodesic motion without any collisions amongst themselves. Such 
an assumed absence of collisions corresponds to the absence of any intrinsic pressure. Accordingly, the “Big 
Bang Model” (BBM) which assumes that the cosmic fluid is not only continuous but also homogeneous and 
isotropic intrinsically corresponds to zero pressure and hence zero temperature. It can be seen that this result 
also follows from the relevant general relativistic first law of thermodynamics (Mitra, Found. Phys. 41, 1454, 
2011). Therefore, the ideal BBM cannot describe the physical universe having pressure, temperature and ra-
diation. Consequently, the physical universe may comprise matter distributed in discrete non-continuous 
lumpy fashion (as observed) rather than in the form of a homogeneous continuous fluid. The intrinsic ab-
sence of pressure in the “Big Bang Model” also rules out the concept of a “Dark Energy”. 
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1. Introduction 
 
In general relativity (GR), one is supposed to obtain the 
spacetime geometry  by using the matter energy 
momentum tensor (EMT)  warping the spacetime: 

b . This means that the components of the 
metric tensor ab

a
bG

a
bT

= 8πa
bG  aT

g  depend on the components of matter 
EMT. And if the spacetime is isotropic and homoge- 
neous, some component of abg  may depend solely on 
appropriate components of EMT and not on coordinates. 
An isotropic and homogeneous spacetime is necessarily 
spherically symmetric about any point and the general 
form of a spherically symmetrical metric in comoving 
coordinates  and t : r

     2 2 2 2
00d = , d , d , drrs g r t t g r t r R r t  2

2

 (1) 

where  is the area coordinate and  R
2 2d 2d = dsin   

= = 1G c

. In the comoving frame, the com- 
ponents of the energy momentum tensor of the perfect 
fluid are ( ):  

   0 1 2 2
0 1 2 3= , ; = = = ,T r t T T T p r 

At the same time GR obeying “general covariance" or 
“Diffeomorphism Covariance”, offers use of arbitrary 
coordinates. This is so because, in Nature, coordinates do 
not exist a priori, and hence should play no role in the 
formulation of fundamental physical laws. One of the 
basic applications of this principle is that given one time 
label , one is free to choose an arbitrary new time label t

 t t f t * = , without any loss of generality. Conse- 
quently, given one form of 00 =g e , one can have 
infinite forms of 00g . But 00g  s do depend on   and 

. Therefore “Diffeomorphism Covariance” may impose 
conditions on the admissible  intrinsic forms of . To 
appreciate this subtle point further, let us invert the 
Einstein equation: 

p
a

bT

1
=

8π
 a

bT a
bG               (3) 

Thus when one imposes some conditions on  by 
assuming certain spacetime symmetry, one unmindfully 
imposes constraint on the admissible forms of  too. 
Many GR solutions however have not been analyzed 
from such considerations though this line of argument 

a
bG

a
bT

t      (2) 
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can throw important physical insights into the inherent 
physical constraints. For instance consider the problem of 
the adiabatic gravitational collapse of a homogeneous 
sphere apparently having an isotropic pressure  

. This problem was first discussed in 1945 
and since then scores of authors have worked on this 
problem and innumerable exact solutions have been 
obtained [1]. Thus even though some of the noted GR 
experts such as W.B. Bonnor, G.C. McVittie, H. Bondi, 
A. Taub and H. Nariai have suggested many solutions for 
this basic physical problem, appropriate application of 
coordinate freedom of choosing the time label has shown 
that, a homogeneous sphere with a pressure gradient and 
a boundary cannot contract or expand at all [1]. 
Consequently, all those relevant exact solutions are 
fallacious and they must correspond to zero density. And 
this result, obtained by appropriate application of 
“Diffeomorphism Covariance” can be explained on 
physical grounds too: 

= ( , )p p r t

 This result may suggest that self-gravity has a natural 
tendency to generate not only pressure gradient but 
density gradient too (despite the occurrences of 
“exact solutions” to the contrary). It may be noted 
here that even for a supposed static self-gravitating 
sphere of uniform density, the “uniform density” 
should correspond to none other than = 0  [2]. 

 This result may be also pointing to the fact that 
physical gravitational collapse/expansion must be 
radiative and non-adiabatic whether one is consider- 
ing Newtonian gravity or GR [3]. 

To further appreciate the fact how some of the  exact 
solutions could be physically misleading, recall the case 
of the celebrated Oppenheimer-Snyder solution which 
has been considered as the ultimate proof that GR allows 
formation of “Black Holes” (BH). But now it has been 
shown that, this solution is only a mathematical illusion, 
it does not really imply any BH/singularity formation 
because a strict  fluid has = 0p = 0  too [4]. 

Similarly, by using this coordinate freedom of choos- 
ing time coordinate in GR and by directly integrating the 
part of the local energy momentum conservation equa- 
tion: 

2
= ,





p

p
             (4) 

where a prime denotes differentiation by , it was found 
that, for the Big Bang Model (BBM) one can express [5] 

r

   
   00

2
= exp





p t

g t
p t t

       (5) 

This result seems to be justified because, after , 

ab

all
g  is determined by a

bT . But by the coordinate 
freedom of choosing arbitrary time label without making 

any compromise on the physical content of the problem, 
one can choose a new time label in which 

   
   

 
   

00

2
= 1 = exp ;  . .,

= 0










p t
g t i

p t t

p t

p t t

e

  (6) 

Since <p   , this result means that, 

  = 0p t                  (7) 

But pressure is a scalar and must remain unaltered by 
coordinate relabelling. Therefore, for the BBM model,  
one must intrinsically have . The result is sug- 
gesting that self-gravity manisfests itself through the 
pressure gradient, and the latter can vanish only when 
pressure itself vanishes. 

= 0p

Even if it would transpire that = 0p   too, this 
result need not change because a 0 0  form can be 
anything including 0. 
 
2. Physical Reasons 
 
Weyl’s postulate demands that an isotropic and homoge- 
neous spacetime metric is diagonal like (1). Since there 
cannot be any pressure gradient for the fluid residing in 
this spacetime, it follows that    00 00, =g r t g t . While 
this fact is used by many authors, nobody ever made any 
serious attempt to determine the EMT dependence of 

 00g t . At the most, some authors justify the 00  
result by considering the cosmic fluid as pressureless 
“Dust” on the ground that  Weyl’s postulate implies no 
collision amongst the test particles. On the other hand, 
some authors just use the fact that once 

= 1g

 00 00=g g t , 
one can set  00 = 1g t  in a new time label. Alternately, 
some authors directly invoke Weyl’s postulate which 
implies the existence of an  universal Newtonian like 
cosmic time and set 00  in order to obtain the 
Friedmann Robertson Walker (FRW) metric. 

= 1g

For instance, in p. 322, Schutz admits [6] that 
“Each galaxy is idealized as having no random ve- 

locity...”, i.e., he admits that he assumes . Next he 
writes “The time coordinate , the proper time of each 
galaxy”, i.e., he considers , and this is indeed 
correct for . But having  derived the metric by 
assuming 

= 0p
t
 t = 0

= 0p
= =p 0 , in p. 324, he adds [6] that “We 

idealize the universe as filled with a perfect fluid having 
 = t  ,  t=p p  etc.” And then he proceeds to 

Big-Bang Model having   4= 1 3p a

p

=T 
p
! Clearly, 

Schutz first obtained the metric by assuming  and 
then extrapolated it to the  situation! 

= 0
= 

Similarly, in p.130, Narlikar admits [7] 
“In our smooth-fluid approximation a velocity field 
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like  represents an orderly motion with no 
pressure. Thus we have in this case a system of galaxies 
behaving like dust with .” 

= 1,0,0,0au

= 0p
And he attempts to justify the application of this  dust 

model to physical universe by noting that, in the present 
epoch, 0 , we have =t t 2 10p c  5 . But he admits 
that even if the fluid would be assumed as dust at present 
epoch, it must not be assumed so in early epochs: 

“we have to abandon our simplified picture of cos- 
mology ....” [7]. 

But has any author ever abandoned this “simplified 
picture” for high pressure early epochs? No! The same 
FRW metric derived by implicitly assuming a dust 
picture has been used by all for situations with . 
Further, the definition of a “Dust” is not a fluid which 
has 

p 

2p c ; on the other hand, the definition of a 
`Dust’ is a fluid having 0p  . In fact the condition 

2p c  only referes to a fluid which is non-relativistic 
but not a dust, just like ordinary stars or water in the 
oceans. 

Now let us try to appreciate the inevitability of this 
 result from various other physical considerations 

too. 
= 0p

If a fluid has  molecules, in the presence of mutual 
collisions and pressure, the motion of the  particles 
get overlapped and smeared. Then one really cannot 
indentify the motion of any “individual” moelcule. And 
in the presence of collisions, there is no question of 
conservation of energy of an individual molecule even if 
the interaction would be conservative. But in the FRW 
model one has  

N
N

 21
=

2
 M

R E
R

r            (8) 

This Equation suggests that with = = 0p 
N

, the 
complex  body problem gets split into  1-body 
problems where energy of each molecule is strictly 
conserved ! This suggests that the assumption of 

N

E
0

= 0
= =p   also means there is no collision, no pressure. 

Further, with 00  assumption, the problem acquires 
a pure Newtonian dust character too. And this is the 
reason why FRW cosmology can be derived from purely 
Newtonian physics [7]! While, mathematically, Weyl’s 
postulate merely suggests 00 00

= 1g

= g g

= 0p

t  [7], physically, 
it suggests streamlined motion with no randomness, no 
collision [7]. Thus eventually Weyl’s postulate suggests 
pure geodesic motion with . 

For a degenerate quantum fluid near , the pre- 
ssure arises due to zero point vibrations around fixed 
mean locations. In such a case, despite the presence of 
pressure, one may identify a given molecule at a given 
fixed . But, note, here we are considering a pressure of 
purely kinetic origin where “molecules” are free to roam 

around anywhere unless the system has a natural 
boundary. Even if a natural boundary/wall would be 
there, a given molecule say, “Andromeda”, could be 
anywhere within that boundary. In such a case, one 
cannot ascribe any fixed coordinate andromeda  to 
Andromeda. Even if one would consider the famous 
analogy of raisins stuck in a puffing up cake, the raisins 
are not free to roam around within the cake. In 
otherwords, the fluid comprising the raisins has no 
pressure, no random motion. However, if the motion of 
the raisins would be sufficiently random, the shifts in 
spectral lines emitted by them need not obey Hubble's 
law. In fact there could be blue shifts as well even if the 
background cake would always be inflating. A little 
introspection would show that, if the raisins would 
indeed be vigorously colliding amongst themselves, the 
basic analogy of a puffing up cake would break down. 
On the other hand, such an analogy is really valid only 
when the raisins are not at all colliding. 

= 0T

r

r

 
3. First Law of Thermodynamics & BBM 
 
For a spherically symmetrical fluid, the best measure of 
total mass energy content in a given section is given by 
the so-called “Misner-Sharp” mass [9,10]:  

  2

0
, = 4π d

r
M r t R R r             (9) 

The adiabatically evolving fluid obeys the following 
equation 

2= 4πM pR R               (10) 

where an overdot denotes differentiation by . This 
shows that, the mass-energy content in a given section of 
the fluid is not conserved if indeed . For an 
isolated star with a boundary, however, the total mass- 
energy would be conserved because at the boundary with 

, one has . But for the universe, there 
cannot be any such edge, and the principle of energy 
conservation is violated. 

t

0p

= br r = 0p

Accordingly Harrison wondered [8]: 
“The total energy decreases in an expanding universe. 

Where does the energy go in an expanding universe?” 
And naturally he concluded that “energy of the 

universe is not conserved”. 
But before this he noted that [8] 
“The universe is not in the least like a steam engine 

and we must never jump to the conclusion that pressure 
is the cause of expansion. Pressure has nothing to with 
why universe expands. the universe could just as well 
contract... 

If the universe possesses a cosmic edge, the situation 
would be different; the pressure at the edge could then do 
work, and we would have a universe similar to a steam 
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engine. But the universe has no edge, and the pressure 
everywhere is impotent to produce mechanical energy.” 

But if for the edgeless FRW universe, pressure is 
impotent to produce mechanical energy, why would 

 M t  change at all?. It is not difficult to see that all 
such self-contradictions result from the mistake of 
assuming  for a flow which is actually geodesic. 0p 

Further, for any spherically symmetric spacetime, one 
can define a  mass-energy current [10]  

 = s in , ,0,0 4πaJ M M g            (11) 

where = det abg g . And the conservation of M  imme- 
diately follows from the fact that [10]   

; = 0a
aJ                  (12) 

The radial component of this current 1J M  
pdV

 can 
involve both radiation flux and mechanical  flux. 
For a homogeneous and isotropic spacetime, having no 
inward or outward direction, there cannot be any net 
radial current of mass-energy. And this is the reason that 
there cannot be any net heat/radiation flow in such a 
spacetime. But even in the absence of heat flow, there 
would be a current of mechanical energy flow and which 
too must be zero:  

1 2= 4π  = 0J M R R p               (13) 

Therefore either the FRW universe should be static 
with  or possess no pressure. = 0R
 
3.1. Independent Proof 
 
Note, Equation (10) may be also written as   

d d =M p V 0

t

              (14) 

where  
2d = 4π dV R R                (15) 

is the coordinate volume element swept by a given mass 
shell at a fixed . For the FRW metric  =r r

     
2

2
= ;  , =

1


rr

a t
g R r t ra t

kr
    (16) 

where  is the scale factor. And the proper volume 
element corresponding to  is   

 a t
dv

2

d
d =

1

v
v

kr
              (17) 

In GR, proper volume element rather than coordinate 
volume element has physical significance. Thus the 1st 
law of thermodynamics should involve proper volume 
element rather than coordinate volume element; and 
hence, for an adiabatically evolving fluid, one should 
have [11]  

2

d
d

1




p V
M

kr
= 0            (18) 

Equations (14) and (18) are compatible to each other 
only when either 1)  or 2) in a general case, 

. This again strongly suggests that  for the 
BBM. 

= 0k
= 0p = 0p

 
3.2. Yet Another Confirmation 
 
For a spherically symmetrical homogeneous dust, one 
can work out the abg s by explicitly solving the Einstein 
equations : 

 2

00 2
= 1;  =

1


rr

a t
g g

kr
          (19) 

But the FRW metric too has exactly the same abg s 
(the angular part is obviously the same); i.e., 

( ) = (  a a
b bG FRW G Homogeneous Dust)

)

    (20) 

Then by Einstein Equation (3), one should have   

( ) = (  a a
b bT FLRW T Homogeneous Dust   (21) 

But we know that,  

(  ) = d [ ( ),0,0,0]a
bT Homogeneous Dust iag t   (22) 

Therefore we should have   

( ) = d [ ( ),0,0,0]a
bT FLRW iag t         (23) 

And Equation (7) precisely denotes this fact. 
 
4. More on Energy Conservation 
 
Baryshev [12] and many others have opined that BBM 
violates the principle of energy conservation. 

Also, Peebles [13] noted that constant loss of energy 
by photons in an expanding universe appears to violate 
conservation of energy: “The resolution of this apparent 
paradox is that while energy conservation is a good local 
concept, ... there is not a general global conservation in 
general relativity”. 

This is incorrect, actually, GR too has global energy 
conservation principle after one would account for 
gravitational field energy  and self-gravitational 
interaction energy. The effect of (negative) self-gravita- 
tion is manifest through the presence of gravitational 
red-shift, i.e., 

0
0t

 00 ,g r t 1 . But once one would set 

00 , gravitational red-shift and negative self-gra- 
vitation should vanish [14]. And by using appropriate 
super-potentials, Rosen found that total energy of FRW 
universe is  [15]. It may be also found that 

, and vanishing of total energy should imply 

= 1g

0
0 = 3t

g

= 0

= 0

E
p

= 3p    [14]. Under the assumption that both 
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0  , , one should then expect that, for the BBM, 
not only , but 

0p 
= 0p = 0  too. As already mentioned, 

Misner-Sharp Mass gives the best measure of quasi-local 
energy of an spherically symmetric fluid [9,10]. And 
since the universe has no edge, it is justified to equate 
mass energy  obtained by Rosen with E M ; 

2 d = 0E M R R r 
0

= = 4π
r

          (24) 

Thus it would follow that, the BBM may actually refer 
to a vaccum with not only , but also = 0p = 0 . To 
explore this question, we found out total energy of the 
Big Bang Universe in a manner more direct [16] than 
that of Rosen. And we found that, in order that, energy is 
conserved, one must have 

= 3 =p 0g                (25) 

Now, if one would introduce a cosmological constant 
 into the problem, all one needs to do is to set   

= ; = p
8π 8π

  
   e ep p     (26) 

Similarly now, one should also replace   

3g e pe                 (27) 

 
5. Dark Energy? 
 
It is believed that the observed universe could be in a 
state of accelerated expansion. And this is usually 
explained in terms of a negative e  in the following 
(incorrect) FRW dynamic Equation:  

p

 4π
= 3

3
 


e e

a
p

a
           (28) 

And the concept of a “Dark Energy” arises from the 
possibility of having a . But since, we have 
found that , there cannot be any “Dark Energy”. 
Consequently, the FRW model always gives deceleration, 
and the observed acceleration cannot be explained by 
FRW model. It is also believed that there should be an 
early super hot past for the real universe in order to ex- 
plain formation of light elements as well as the observed 
microwave background radiation. But as far as FRW, 
model is concerned, e . Therefore, the tempe- 
rature of the FRW fluid, . Hence FRW model 
cannot explain any primordial nucleosynthesis or micro- 
wave background radiation. In fact, since 

< 0ep

  = 0p t
  = 0T t

= 0ep

  = 0T t , 
FRW model cannot explain the origin of any starlight or 
any other radiation found in the  patch of the real 
universe in which we live. 

Further, even if we would forget radiation, or any 
early history, cosmic fluid must possess pressure or 
random motion in order to explain peculiar motions. 

Obviously a strict    = =p t T t 0  fluid is unfit to 
describe any aspect of the observed universe. One may 
question now, then, how one would explain the physical 
universe. And that is very much an open and unexplained 
question. May be the real universe is too complex for 
text book type modeling. May be real universe has a 
complicated infinite hierarchial fractal structure which 
defies a smooth fluid approximation. 

To recap, in FRW metric, the gravitational potential 
 t  is set to zero by vitrue of the coordinate freedom 

in choosing an arbitrary time label for  00 00=g g t
  = 0p t

. The 
same coordinate freedom is seen to fix  too. In 
case, the reader will not be sufficiently aware of this 
coordinate freedom, the result obtained here may appear 
to be spurious. But actually it is not so. Essentially, this 
coordinate freedom affects both sides of the Einstein 
Equation Equation (3) and ensures similar result. If 

= 0p  when = 0  , it it seems logical that  
when 

= 0p
= 0 . 

Again note, after all, by assumption, the test particles 
of the FRW fluid strictly obey Weyl’s postulate which 
asserts that the test particles are following streamlined 
geodesic motion without any randomness and collision. 
Thus, by very assumption, the FRW fluid is pressure- 
less not just at a given epoch but at all epochs. Note, 
though Equation (8) tells that the energy of each particle 
is strictly conserved, in the faulty FRW model, energy of 
the fluid is not conserved! Obviously strict conservation 
of energy of an individual particle is possible only when 
there is no collision and energy exchange, i.e., no 
pressure. And the faulty FRW model naturally finds 
violation of energy conservation as it ascribes pressure 
for this dusty fluid. 
 
6. Why Λ = 0 for BBM 
 
Long back Kriele showed that there cannot be any 
trapped surface for a spherically symmetric homoge- 
neous perfect fluid [17]. This seems to be a special case 
of the no trapped surface theorem obtained by de- 
manding that timelike worldlines associated with mate- 
rial particles must always remain time like [18], i.e.,  

 2 ,
< 1

M r t

R
              (29) 

For the FRW case, one has  =R ra t  and   

   
34π

, =
3

e

R
M r t t            (30) 

so that one should have  

   2 28π
< 1

3
er t a t            (31) 

And in order that 2
ea  does not blow up either in 
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future or past, one needs to have   

   2
e t a t constant            (32) 

Again for this, first, it is necessary that  and = 0
=e  :   

   2 =t a t constant           (33) 

But the FRW model generally obeys  
so that one should have  

2 =t constant

 a t t                 (34) 

And it is only for the Milne model (with = 1k  ), one 
obtains  a t t

= 0
. But the Milne model is empty with 

e=  ! Even if one would ignore the possibility 
that the FRW metric subtly represents a vacuum 
spacetime and which is the reason that there is no density 
or pressure gradient and there is an universal Newtonian 
time despite the supposed presence of self-gravity, and 
even if one will ignore the proof that , there are 
already many suggestion that  and “Dark Energy” 
could be illusions created by an inhomogeneous lumpy 
universe which is significantly different from the 
simplistic BBM. However if there would be inhomo- 
geneity in a monotonous and continuous manner, there 
would be a preferred centre of the universe in violation 
of the “Copernican Principle” of no unique centre. On 
the other hand, discrete fractal models could still satisfy 
the Copernican Principle. 

= 0


And if we would apply this condition of no trapped 
surface formation to the de-Sitter model having   

=
8π

 
e                (35) 

from Equation (32), we will have  

 2 2 < 1
3


r a t             (36) 

In order that this constraint is satisfied, we should 
have ; and hence, there should not be any mys- 
terious & fictitious Dark Energy. 

= 0

This result  can be also understood from the 
principle of conservation of energy. By definition, va- 
cuum itself cannot not self-gravitate, and it is matter 
which self-gravitates. Thus even if vacuum will be 
assumed to be endowded with an energy density in the 
form of a , the total energy of the de-Sitter universe 
will keep on increasing limitlessly because 

= 0


 t    

as found in [16]. In order to prevent such runaway 
violation of energy conservation, one should have 

. = 0
 
7. Conclusions 
 
The Big Bang Model intrinsically corresponds to zero 

Energy” nor any heat/radiation; and thus BBM cannot 
describe the observed universe. 

One might also ask whether 

pressure. Hence it can neither support any “Dark 

any model is better than 
th

the un
ematical 

ill

e standard model? True, none is better; indeed the 
standard model is most developed and most well studied. 
But that would not mean that we can ignore Equations 
(5-7) which are consequences of conservation of a

bT , i.e., 
Equation (4). In fact, Equation (5) is a reflec n of 
( )  =  Space time freedom Matter freedom  in the spirit of 

n model with 
= 0p  completely fails to describe the observed patch of 

iverse possessing pressure and radiation. 
Further, the FRW solution may be a math

tio

the Einstein Equation. And a Friedman

usion and vacuous with no matter at all: = 0 . This 
could be so because, it has been foun t the 
Schwarzschild Black Hole solution is an illusion because 
the integration constant appearing there = 2 = 0M

d tha

  
[19]. Similarly, the Oppenheimer Snyder ex  
of Black Hole formation is an illusion as it corresponds 
to not only = 0p  but also = 0

act solution

  [4]. And actual 
universe thus m  be comple ifferent from the 
smooth homogeneous fluid picture assumed by the BBM 
(and many other models). It is quite likely that actual 
universe is lumpy and discrete at all scales, may be it is 
an infinite hierarchial fractal. In such a case, one cannot 
rule out the possibility that cosmic red-shifts arise from 
some hitherto unknown “tired light” effect [20], and the 
lumpy discrete universe might be static [21-24]. In 
particular, the absence of supposed cosmic time dilation 
effects in the Gamma Ray Bursts poses a serious 
challenge for the hypothesis of an “expanding universe” 
[24,25]. 

“We f

ust tely d

ind that the observer frame duration of indi- 
vi

far, namely, 
G

ing uni

. Endnote 

 shorter version of this paper was submitted to Phys. 

dual pulses does not increase as a function of redshift 
as one would expect from the cosmological expansion of 
a Friedman-Lemaitre-Robertson-Walker Universe. In 
fact, the duration of individual pulses is seen to decrease 
as their signal-to-noise decreases with increasing redshift, 
as only the brightest portion of a high redshift GRB’s 
light curve is accessible to the detector. The results of 
our simulation are consistent with the fact that a 
systematic broadening of GRB durations as a function of 
redshift has not materialized in either the Swift or Fermi 
detected GRBs with known redshift.” [25]. 

Note, the farthest GRB detected so 
RB090429B has a cosmological red-shift = 9.4z . 

And yet, it bears no signature of any “expand - 
verse”. 
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