Issue 2 (October)

PROGRESS IN PHYSICS

Volume 16 (2020)

A Model of the Universe Expanding at a Constant Speed

Rostislav Szeruda

Roznov p.R. 75661, Czech Republic. E-mail: rostislav.szeruda@seznam.cz

This article deals with the possibility of finding an alternative model to the expanding
universe model which can be in accordance with our astronomical observations. This is
considered an easy but not usual model of closed universe withk = 1, A =0and g = 0
which provides that mass of this universe is not constant but stepwise increasing.

1 Basic ideas and existing work
This article is based on four basic ideas:

1. Model of the universe expanding at a constant speed
[3]. Such a model of the universe is not by itself con-
sistent with observation. We observe that the rate of
expansion of our universe is accelerating.

2. The idea that the universe may be a black hole is dealt
with in [2];

3. The universe was born from a single quantum of ener-
gy. The mass of the universe, its size, and the instant
speed of particles with a non-zero rest mass are inter-
related. The idea was inspired by the book [1];

4. The relative particle size shrinking. This effect makes
it seem to us that the universe is not expanding at a
constant speed, but that the speed of its expansion is
increasing. This idea is new.

2 Constant speed expanding universe

We assume that there is no difference between what our uni-
verse is and how it appears to us. But is that true? Let us
imagine that we are in a room the walls of which are expand-
ing, and we are shrinking just as quickly at the same time.
How would this room seem to us?

Let us consider a universe expanding at a constant rate.
The elementary particles try to move at the maximum possi-
ble speed. The speed of expansion of the universe is a lim-
itation of the instantaneous velocity of the elementary parti-
cles within. Thus, particles with zero rest mass (photons) can
move as fast as the universe expands

a=c,

ey
where:

a — speed of the universe expansion,

¢ — speed of light in vacuum.

Further, let’s suppose that particles with non zero rest
mass have a tendency to move at the speed of light in va-
cuum too but due to their non zero rest mass they are not able
to achieve that speed. The more their speed gets closer to the
speed of light in vacuum, the higher their mass becomes and
prevents them from moving faster.
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Let’s have a model of the universe described by Fried-
mann equations

22 3k 2
3(2) + 2c —Ac2=87TGp, 2)
a
a 4rG Ac?
; :—W (p(,'2+3p)+T, (3)

where:
G — gravitational constant,
p = p(t) — matter density in universe,
p = p(t) — pressure in the universe,
a — expansion factor of the universe,

a — acceleration of the universe expansion (& = 0 for
the model),

k — parameter of the universe curvature,
A — FEinstein cosmological constant.

Let’s consider a Riemann space with a positive curvature,
where:

l. k=1,
2.A=0.
The Friedmann equations are simplified to
3¢?
=, 4
P = 4nGa @
1,
=—-=cp. 5
pP==3¢p ©®)

The density of the universe is then inversely proportional
to the square of the expansion factor a. It means that the
linearly expanding universe is possible only on the condition
that its mass is not constant but it rises proportionally to a.
The more matter the universe contains, the larger it becomes
and vice versa.

For a closed universe (k = 1), we can call the expansion
factor a as the radius of the universe. Its volume is an elemen-
tary inter-sphere with surfaces 47a®sin” and its thickness
ady (0 <y < 7). We get it by integration

V=d 47TfSiH2(,Ddl// =21%a’.
0

(6)
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The universe mass is then given by the equation

M, = 3ncla
2G

@)

3 Initial parameters of the universe

Consider that the universe didn’t begin its existence with all
of the matter contained therein today, but was born from a sin-
gle energy quantum M, in a space of the size of the minimal
quantum packet

/] Gh
= = — . 8
o 2Myc  3rmapc? ®)
Thence
Gh
ao = 4 ~526%107%m. )
3ncd
The minimum time interval then
hG
=2 = = 176x 1074, (10)
c 3nc

The first quantum mass M, of the universe is given by the

relation
3rhc _
My = +/ G =334%x10%kg. (11)

The universe we describe here resembles a black hole. Its
size is directly proportional to the amount of matter it contains

2GM,
2 9

(12)

de =
C

where:

a, — radius of a black hole (Schwarzschild radius, ho-
rizon of events),

M, — mass of a black hole.

The mass of the first quantum of the universe My is big
enough to create a black hole, because the minimum mass of
a black hole is given by Planck’s relationship

T
M., = 4—2 ~1.09 x 108 kg.

Thus, the initial quantum was below the event horizon,
which began at a distance given by the minimum size of the

black hole
Aoy = Gh 1.62x 107 m.
0 c3

A black hole of this mass is characterized by temperature

T = he?
* " 87kGM.,

(13)

(14)

=1.13x 10> K. (15)

4 The evolution of the universe

Let the mass of the universe be varied by quanta correspond-
ing to the mass of the first quantum My. Then the size of
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the universe will change in discrete values, and the passage
of time won’t be continuous, but it will flow in elementary
jumps

Mu = nMO N (16)
a=nap, (17
@ (18)

t=nthy=n—,
c

where:
n — natural number higher then zero.

The space where the initial quantum can occur is limited
by the expansion function of the universe a. As the mass of
the universe starts to grow, a will increase and matter will
have more space to be located and to move. The total energy
of the universe is permanently zero.

The universe can have zero total energy if the total grav-
itational potential energy that holds all its components to-
gether is negative and in absolute value is exactly equal to
the sum of all positive energy in the universe contained in the
masses and movements of the particles.

The matter growth within the universe does not occur by
locally emerging new matter, but by increasing the velocity
of motion of the initial quantum of energy to a speed close to
the speed of light in vacuum

M, = a, My = A

2
— U
-3

=nMo, 19)

where:

v, — instant speed of all elementary particles with non
zero rest mass. Consider that this speed is the same for
all the quantum of energy in the universe. However,
the resulting velocity of the particles made up of these
quanta appear to be slower as the quantum of energy
can move back and forth through space.

The instant speed of particles with rest mass is given by

. 1 1
Umza\/l—n—zzc\/l—n—z.

The older the universe is, the closer the instant speed of
particles with a non zero rest mass is to the universe expan-
sion speed.

(20)

limv, =c.

n—oo

At the present time, the two values are not practically distin-
guishable.

Considering quanta of energy as moving one-dimensional
objects, their size should appear smaller due to relativistic
contraction

l 2
1= 2 = 1= Q1)
@y, ¢

The inner observer doesn’t know that he is shrinking to-
gether with his entire planet, his solar system or his galaxy,
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at the same time that the universe itself expands. Because he
measures the expansion of the universe in comparision with
himself, it will seem to him that the universe is expanding
faster than it actually is. Due to the contraction of distance,
the gravitational force will appear to him stronger. He will
attribute it to the greater mass of interacting objects.
Therefore, from the perspective of the internal observer,
the size and mass of the universe will appear
(22)

2 2
a; = avmao =na,

M; = a; My =n"M,. (23)

The fact, that the universe expands with speed @ = ¢ per-
pendicular to our three-dimensional space and to all speed
vectors in it, can be expressed by adding an imaginary mark
before the value of the expansion speed. Generally, we can
express the speed of a mass object w this way

w=v+1a, (24)
where:
v — an object speed in our three-dimensional space.

The square of w can be expressed in the form
(25)

Now the Einstein relativistic coefficient o gets the more
general form

= @y
1 1 (26)
- \/1 _2\2 .

C2

1
aZ
= \/ 1+ =z
The first coefficient @, in the relation (26) is the standard
form of Einstein coefficient @. The second coefficient a; is
related with the speed of the universe expansion and it is con-

stant. So the universe will appear to us V2 times bigger but
not more massive

a; = \/§n2a0 R

M = V2 n*3nctag — M,

’ 226G

The universe density will seem to be equal with the criti-
cal density

27

(28)

3H?
887G

342

"~ 8nGa?

_ 3¢?
- 4rGp()

pi = Pk (29)

where:

H — Hubble constant
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=2_¢ (30)
a a

The density of the universe, in case of inner observer, thus
seems to be equal to the critical density. It corresponds to our
observation. In contrast to the inflation model it happens not
only effectively. Therefore, the entire universe appears to be
non-curved - flat, even though it is closed.

5 The universe pressure

The change of the internal energy of the universe corresponds
with the change of its energy. The universe can’t exchange
heat with its surroundings. Then the first theorem of thermo-
dynamics has an easy form by which we can express a change
of the universe energy as
dU = —pdV = c*dM . (31)
Mass movement in the direction of the expansion of the
universe and its rise with time induce a force, which has size

dm 3t
F = 2 c=— . 32
" T TG (32)
This force acts on the surface
S =61°a”. (33)

This creates a pressure that is already known from the rela-
tion (5)

(34)

The pressure in the universe is negative at a positive en-
ergy density. However, matter and radiation create positive
pressure. It thus appears rather a local phenomenon operat-
ing in three-dimensional space, which has no effect on the
four-dimensional universe as a whole.

6 The universe age and mass

Three-dimensional black holes radiate energy from their hori-
zon into the surrounding space. The horizon of a black hole
bound up to the universe produces radiation which is moving
on the surface of a four-dimensional sphere and remains part
of it. As the universe expands, it cools down in such a way
that its temperature corresponds to the current temperature of
the black hole horizon.

The temperature of the radiation emitted at the beginning
of the universe is now the same as the temperature of the ra-
diation from the event horizon. The universe thus appears as
the interior of the black body, where the radiation density is
given by

n? (kT)*
U= 15 oy (35)
For the temperature of the relict radiation 7, = 2.726 K re-
sults the energy density U = 4.18 x 107'*Jm? = 0.26 eV cm?

135



Volume 16 (2020)

PROGRESS IN PHYSICS

Issue 2 (October)

out of the relation (34). This corresponds to the measured
value of the density of the relict radiation 0.25 eV cm?.

If the temperature of the universe at its beginning corre-
sponded to the temperature of the black hole horizon accor-
ding to the relation (15), today it should correspond to the
temperature

_hd T,
" 8nkGM,, o

If the temperature of the relict radiation 7, = 2.726 K
corresponds to the present temperature of the universe and at
the same time to the temperature of the radiation from the
early universe

(36)

n=414x10%. (37)

The size of the universe (from the perspective of an inner
observer) is then

a; = V2nlag =127 x10%m. (38)
The Hubble constant H is then according to (29)
H= 2 ~235x 107857 =72.63kms ' Mpc™! . (39)

This value is consistent with the value of the Hubble con-
stant determined in 2018: H = 73.52 + 1.62kms~! Mpc~!.
The actual age of the universe is therefore

t ! 13.5x 10° (40)
= — = . IS.
H y
The mass of the universe (from the point of view of an internal
observer) is

M; = n*My = 5.72 x 10°% kg . (41)

7 Visible and invisible matter

We already know how the mass and size of the universe as
a whole changes. How can the mass and size of its parts
change? The mass of all objects has to change, for an internal
observer, according to

I n

my=m; — =m; —,
m

(42)

where:
m; — object mass at time #; (~ n?),
my — object mass at time f, (~ n%) .
The fact that this relationship is true can be seen in the
motion of matter around the centers of galaxies. Outside the

galaxy, the mass should move with velocity according to the
standard model (see curve A in Fig. 1)
2 _ GM,

v s
r

(43)

where:
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M, — galaxy mass,
r — distance from the galaxy center.

If the mass at the edge of the galaxies is pulled away from
the center of the galaxy due to the universe expansion and
grows with distance (M,(r) ~ r) according to the relation
(42), although most of this mass cannot be observed, their
velocity around the galaxy’s gravitational center remains the
same in Fig.l — the rotation curve becomes flat from a cer-
tain distance from the center.

o

Velocity

Distance

Fig. 1: Dependence of orbital velocity on distance from center of
galaxy.

The relation (42) describes the total amount of matter
(perceivable or non-perceivable) that increases depending on
space-time expansion. So what about the perceivable matter?
If the relation (42) also applies to photons, and we still ob-
serve a redshift, this means that the first quantum of energy
must be fragmented into a larger number of smaller quanta.

For photons

m m i b
2 =mp —— —,
ne 1

(44)
where:

ny — number of photons at time #;,

n, — number of photons at time #,,

mysi — photon mass at time 7y,

my, — photon mass at time #,.

If the universe with temperature 7' at time #; contained
ny particles then it will have at time ?, temperature 75 and
will contain n, particles

e _pViTi e 6T _mo
npg piVila, arTy 1T nf '
After insertion into (44)
T n
Mg = my Fz =mp— (46)
1 2
L=t =42 @7)
T2 n

As the temperature of the universe is decreasing, the mass
of the photons has to decrease too. The radiation on the way
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through the universe gets colder, but the number of observable
photons increases — as if the universe in the past contained
the same amount of matter as today.

The particulate mass with non-zero rest mass will grow
by (42) but simultaneously their wavelength will lengthen ac-
cording to (47). Their mass is then given

T 1 )

48
1 my n] (48)

where:
m; — mass of a “cold” particle at time ¢,
my — mass of a “cold” particle at time 7,.
As the mass of the universe increases, the number of qua-

nta energies increases faster and thus their energy decreases.
The smallest quanta of energy now have mass

My M,
TR0 _ 70 2 808x10¥kg.

My, = 3
n n

(49)

Relationships (46) and (48) describe observable mass. This
is obviously lesser than the mass objects should have by the
equation (42). Mass corresponding to the difference we can’t
directly observe, but we can observe its gravitational effect.
The matter we name: “dark matter”. This is the “missing”
matter around the galaxies.

8 Observable quantity of energy

A standardized wave packet is related with the whole universe
and it moves in direction of the universe expansion [4]

1 [ (a— ct)z}
exp |- .

V2r Aa, 2(Aay)?

The wave packet related to the universe shows a dispersion
which causes it to seem higher. For as much that the mass

of the universe increases linearly with time, the dispersion is
independent of time

. 2
Aa, = \/(Aa0)2 + (w z)
m

2
moct,
= a(2)+( 0 O) =ay V2.
mgo

ly(a; DI =

(50)

61y

This result is in agreement with a; = 1/ V2 from the re-
lation (26). The amplitude of this wave package relative to ag
is then

1
lW(a = ct; H)* ap = ——= = 0.282.
27
It means that if the universe size is a, then on quantum level
corresponding to this size it is about 28.2 % of the whole uni-
verse energy. The rest of the universe energy 71.8 % occurs
on near quantum levels.

(52)
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If we are situated on quantum level at the size a from
imaginary centre of our universe, we are able to observe only
the mass situated on the same quantum level. It means that
the rest of our universe mass is not observable for us even
though it gravitationally influences our universe as a whole.

9 Cosmological shift of spectrum

Perception (measurement) of time flow was obviously differ-
ent than it is today. Physical process lasting 1 s at present time
lasted n, /n; times longer in the past. Dimensions of mass ob-
jects were n, /n; times bigger and photons radiated from them
had n,/n; times longer wavelength than they have in the same
process today.

The shift of the spectrum of the radiation of the cosmo-
logical objects is defined

(53)

This relation presumes that the spectrum of cosmological sou-
rce was the same in the past and today and the cosmological
shift has happened during the travel from the source to an ob-
server in consequence of the universe expansion. If the parti-
cles that create mass had smaller mass in the past than today
then the energy radiated from them was equivalently smaller
than today. We should rather write

/lr_/le—oa
g = L Cettoday (54)

/le—taduy
In case that the mass of elementary particles were smaller

in the past, then
nr

Ao = /le—foday_ .
ne

According to (42), (54) and (55) results (as in classical the-
ory)

(55)

/lr /lr r r
o & (56)

/le ne de

z+1=

e—today

10 Luminosity of cosmological sources

If the red shift does not exist, the apparent luminosity / of a
cosmological source would be given by relation

l=—,

3 (57)

where:
L — absolute luminosity of a cosmological source,

S — area on which photons from the cosmological
source fall to.

The radiation energy from a cosmological source decrea-
ses in three ways:

1. The energy of the detected photons is lower then their
original energy due to red shift according to (57);
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2. Photons radiated during time interval #,_;o4qy (time the
process would last today) will reach target during time
interval Az,

At, A,

= =1+z;

/le—today

(58)

Ate—today

3. We can’t forget influence of lesser particle mass in the
past

/le r
A _ [

(59
ﬂe—today de

The relative luminosity / of a typical cosmological source
(cosmological candle) can be then written in the form

L L

'S & T A s (€0
where:
d — distance of a cosmological source given by
dp = rea(l +2)'% . (61)
The variable r, is given by [5] for k = 1 and & = 0 by the

relation

e

tr
d r .
re = csin f—t = sin (ln i—) =sin[In(1+2)]. (62)
a
3

The relative magnitude of stars m is defined by the Pogson
equation [6]

m = -2.5log (Ii) , (63)

0

where I is the bolometric reference value 2.553x107W m~2.

Now we can calculate value / (for suitable L) in the rela-
tion (60) and calculate the curve m = m(z) using the rela-
tion (63) (see Fig.2). The best fit with real measured values
of relative magnitude of supernovas type la [7] we get for
L = 2765 x 102® W. It acknowledges that the model above
can correspond with our reality.

We can construct the so-called residual Hubble diagram
— relative luminosity of supernovas related to the case of an
empty universe (2 = 0,k = —1,q = 0) (see Fig. 3)

Am — M) = 51og(ﬁ), (64)

€0

re, = sinh[In(1 + z)]. (65)

11 Conclusion

Our universe doesn’t have to be necessarily open and acce-
larating its expansion in order to be in accordance with our
present observation and knowledge. In this article, I tried to
show that our universe can be closed and uniformly expand-
ing supposing that its mass increases proportionally to its size
and analogically its size increases proportionally to its mass,
similarly as black holes do.
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Fig. 2: Relative supernova magnitude — calculated for L = 2.765 X
1028 W.
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Fig. 3: Residual Hubble diagram — without consideration of dust
influence.
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