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Generally, the cosmological redshift is considered as an
indication of the expansion of the universe. However, we are
going to consider, using very elemental arguments, that this
physical phenomenon could be due to the gravitational field,
and that the universe could be static and flat.
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1. Introduction

In the theory of the Big Bang, the redshift of the light emitted from
distant galaxies is interpreted as a Doppler effect and then considered
as an indication of the expansion of the universe, following the law of
Hubble.

However, we are going to consider, using very simple arguments,
that the nature of that redshift could be related with the gravity and
not with that expansion.

2. The light redshift as a Doppler effect
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We suppose a light source that emits a photon and thet it is moving
with relative congtant velocity v with respect to an observer, then
from the special relativity theory (SRT) of Einstein we have that

1

V2 )2
At =At| 1-— (2.1
c

being At" and At the intervals of time in the moving and rest frames,
respectively, and c the velocity of the light in the vacuum. From (2.1),
which is the equation of the dilatation of the time, considering

frequencies, we have
1
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v:v(#—yéy (2.2

c
being v' and v the light frequencies emitted and observed of the
photon, respectively. Developing (2.2)

V= V'(l—v—zjz =%(c2 V) =2 ((e+v)(e-v)) = V'ﬂ(ﬂy

Cc C+V

1

V=V(C_Vy (2.3)

C+V

If the light source is moving away from the observer, v is positive,
v<v' and the light is red shifted. If the light source is moving

toward the observer, v is negative, ¥ >V', and the light is blue
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shifted.

3. Gravitational redshift
For a particle of mass m in a gravitational field with potential ¢ we
have that
E=mc? (3.1
V =mp (32

being E and V the relativisic and potential energies of the particle,
respectively. Therefore, for a photon (assuming an “effective mass’

E
m=a)
E=hy (3.3)
hv

being h the congant of Planck. As the gravitationa field is
conservative, then

T+V=hv+ %(o = const. (35
hv, +h—‘;°¢)0 =hv +h—‘2/(p (3.6)
Cc Cc
Vo (1+ %j = v(l+ %j
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where T = hv isthekinetic energy of the photon, v and v, thelight
frequencies emitted and observed, respectively, ¢ and ¢, the

potentials in the points of emission and observation, respectively. The
gravitational potential ¢ varies with the inverse of the distance and

awaysis ¢ <0, only ¢ () =0.If |p| <|p|, then v, < v, and the
light is red shifted, and hv, < hv. AsV increases (it is less negetive)
then T decreases. But, if |p,| > |¢|, then v, > v, and the light is blue
shifted. Now, introducing the light redshift parameter z, we have

_V—V

1%
=—-1
Vo Vo

z

v oV 1
where z>0 when v, <v; z+1=—, 2 =——
Ve v zZ+1

1 z

Yo g = g%

v 1% z+1 z+1

Vo=V

VoV _Vo 4_CHo 9%

v v c’ + ¢, c’ + @,
For |p| << ¢?
P=P _YVo—V__ 72
c? v z+1
ZVO_V 2 Z
9 —g,=C = ——
° v z+1

4. The cosmological redshift
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Within the framework of the genera relativity theory (GRT) of

Eingein, we assume that in a gravitational field the interval ds hasthe
form

ds’ = ¢* dr® —a’ (r) b? (o +dy* + dz*) = ¢* dz? — a* () b dr (4.1

being 7 the proper time, a(r) the scale factor, b a congtant to infer,

X, y ahd z the space coordinates and r the distance.

In [1] (p. 103), b is an integration constant. Note that for b=1,
(4.1) isthe square of the space-time interval of Robertson and Walker
with k = 0, being k the curvature congtant [2]. In[1] (p. 103), k=0
isthe only possible value.

From, ds* = 0, we obtain that the velocity of the light is

dr c

— = 4.2

dr a(r)b (42)
And then

dr _bar

a(r) ¢

Now, from [1] (pp. 105-106), we put the observation point at the
origin of the reference sysem, r =0. We consider two photons
emitted from the point r inthetimes r and 7 + dr and that arrive a
the point r =0 inthetimes 7, and 7, + dz,, respectively. Then, for
the photon emitted a the moment r and that arrives a the moment
7, we have thet

® dr ¢ bdr br
[t Sl a=2ur=Fio-n=-%
Also, for the photon emitted at the moment 7 + dz and that arrives
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a the moment 7, + dz, we havethat
©f® dr  ?bdr br
r+dr a(T) r c c
Consequently

70 dZ' _To+d1'0£
Lt~ a0
F(z,)-F(7)=F(z,+dzy)—F(r+dr)
F(r+dr)-F(7r)=F (7, +dz,) - F(z,)
dr F'(7)=dz, F'(7,)
dr :ﬂ
a(z) a(r)
do do

And using the light angular frequencies, o =— and @, = —,
dr dr,

being ¢ theangle, we have

= a(ro) @, 4.3

Hence, the light angular frequency emitted o = 27v is not equd
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to the light angular frequency observed o, = 2zv, . Now, for the light
redshift parameter, we have

_omay oy 3) (4.4)
w, @, a(r)
And z>0 if a(z,)>a(r). Alo, z>0 if @>a,, that is if
hv > hy,.
But also we have that

ds’ = ¢* dr® —a’ (r) b? (dx* +dy® + dz°) = ¢* dr” — a* (r) b? dr?

=c? dr? —dv? 4.5
being d/ the length of an “arc” measured in the surface of “radius’
a(r) and dr isthe length of an “angle’ multiplied by b, that is,
arc =radiusxangle or d/ =a(z) bdr.

Note that now the velocity of the light would be
bdr ¢
dr  a(r)

(4.6)

In the Big Bang model, a(z) increases with the time, and as
7, >, then a(z,)>a(r), therefore z>0 and w> @, and do

d/= a(r) b dr increases, hence the universe expands, and the light

isred shifted.
On the other hand, for the stationarity of (4.5), it would be required

that a(z)b=const., which implies that b=0. Also, as the scale

factor a(7) is considered like a “curvature radius’ it is infinite for a
flat surface[3] (p. 479).
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Then, in our fla (a(r)=o) and sationary (b=0) model,

(%) _© _ ndetermined and dso df=a(r)bdr =0 0dr =
a(r) o

undetermined, therefore the universe does not expand. Then, z> 0
only because the gravity can make that > @, (When |¢|>|e,|),
equation (3.11), which is derived for a weak gravitational field in the
framework of the GRT in [3] (p. 349).

Now, from [3] (p. 486), we put ﬁ:a(ro) in the form
w, a(r)
E:Lr),therefore
w, a(r-Ar)
@y _ a(r—-Ar7) 1 1 da(r) A1 HA—é
@ a(r) a(r) dr C
1 da(r) .
where H = is the congtant of Hubble and A/ =cA~.
a(r) dr
Then
W, — @ @, H Al
- =0 1= 4,
a a Cc ( 7)
and making
e (48)
@ C
we have the law of Hubble
v=H A/ (4.9

being v the velocity of recession.
o 332
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Note that for v<<c, the Lorentz transformation:

1 1
2\ 2 2\ 2
x’=(x—vt)[1—v—2j , t’:(t—lzxj[l—v—zj . isconverted into
c C c

the Galileo transformation: x'=x-wt, t'=t, hence %z%—v,
and for the case of thelight, ¢’ = c—v. Then, for v << ¢ (whichisin

accordance with aweek gravitational field)

C-V ¢C
Q=@ 2nvy=27v Vo=V 3 4V
o 27v. v c c
A
being 4 thewavelength.
And from (3.9) and (4.8)
_z v (4.10)
z+1 c

For z<<1, we have, from (4.10), 2=V and v << ¢, and, from
c

(311), ¢ — @, = —C* Z.

In the Big Bang model, the valid equation is (4.10), with (4.4) and
(4.9), but in our flat (a(7r) =) and sationary (b= 0) model, the
valid equation would be (3.11), with (3.8).

Notethat for b=0

v=H A/ = a(r)bAr=

(4.11)
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which implies that the model is also gatic.

The equation (4.10) gives the value of the cosmological redshift
due to the expansion of the universe, in which the space itsdlf is
expanding following the law of Hubble. But, the equation (3.11) gives
the value of the light redshift caused by the force of attraction of the
gravity, in agatic universe.

Now, from [3] (pp. 479-480), in the context of the limit of the flat

model of Friedmann, as for our model, a(r)b=const. and
a(r)=o and b=0, wesubstitute a(z) b by atime function e(7)
and put the interval ds like

ds’ = ¢ dr® — € (r) (¢ + dy? + dz°) (4.12)
and for each 7, e(7) has a constant value that can be reduced to the
unity by means of a simple transformation of coordinates

(proportional to p— ). For low values of the pressure P it is found
that p €’(z)=const., being p = cor;st. the mass density, then
T
2 2

PC aditis

e(r) = congt. 73. And, for low values of 7 itis P =

1

found that p c? &*(z) = const., then e(z)=cong.z2. For 7 =0,
e(0)=0 and p(0)=o0, which would be the mass density of a
volume of matter of radius zero.

Therefore, with these equations our flat (a(z) =), stationary
(b=0) and gatic (v = 0) model of the universe would be in the limit
of the fla model of Friedmann (r =, R(x)=o and
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1 1

) 1

V=V, ()= 2GM \*_ (2GM 2:O, being G the gravitational
€ R(oo) 0

1
2GM 2
R d M the
R(r)) (£) M the esczpe

velocity, the radius and the mass of the universe, respectively).

congtant of Newton, and v, =[

5. Discussion

For v << c, we can consider that the light is red shifted because its
velocity would be ¢ — v, then the kinetic energy of the photon, hy ,
decreases. But v can be a relative velocity away from the observer
(Doppler effect), or the recession velocity (Hubble law), or a velocity
related with the force of attraction of the gravity and obtained by

comparison between (3.11) and (4.10)
v=-2"% (5.2)

c
If the gravitational field is much weaker in the point of observation
than in the point of emission, then |¢,| <<|¢| and v = —% = i—“g,

being M and R the mass and the radius of the light source,
respectively.

Now, for two supposed identical galaxies, a redt, at distances d,
and d,, with apparent radii R and R, , and for z<<1, we have, for
an expanding universe, that

vy Hd d

M -1 5.2
v, Hd, d, (52)
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and, for a static universe, when |py| <<|¢|, thet

)
vy _Rc_R
s —_2 (5.3
v, GM R
R, c
but, as
R_4 (54)
R d,
then, both velocities, v:Hdandv:G—MzG—Md,wouldgive
Rc Rdc

the same value of the redshift, z=%. Therefore, both red shifts

would be interchangeable apparently, but the one due to the recession
velocity exigs only if the universe is expanding, while the one caused
by the velocity related with the gravity exists always. This could be
favorable to the gtatic universe model. Although, for high values of
the z parameter, it would be required to use a velocity for high
gravitationa fields.

Note that the velocity v:—%zi—'\g would be the escape
velocity of a photon, because from (3.5), and adapting the escape
velocity concept for aphoton (with m = C—Ez = % ), we have

hvy, hc
eph
—+—¢p=0
22’
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» GM
Vy,, =——=—— 55
" ¢ Rc (9
V., Peing the escape velocity of a photon of wavelength 4 emitted
by alight source of massM and radius R.

6. Conclusion

We have seen firg the light redshift as a relativistic (SRT) Doppler
effect, where the light is red shifted by a relative constant velocity
away from the observer. After, we have seen the gravitational
redshift, where the light is red shifted by the gravity and the law of
conservation of the energy. And for lagt, in a GRT context, we have
seen the cosmological redshift, in two models: the Big Bang and in
our flat, stationary and static as alimit of the flat model of Friedmann.
In the Big Bang model the light is red shifted by the expansion of the
universe, in which the space itsalf is expanding following the law of
Hubble. In our proposed flat, stationary and static model the light is
red shifted by the force of attraction of the gravity, and the expansion
of the universe would not be real but only apparent. In both models
the values of the cosmological redshift are the same. Hence, the
expansion of the universe would not be the only explanation of this
physical phenomenon.
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