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Abstract: By treating time as an independent variable free of space-time the role of time in cosmic expansion is clarified.
We show that this treatment of time is consistent with General Relativity, and addresses the quandaries of dark or vacuum
energy. We consider the current of time to be composed of many time waves. As the current flows, the number of its waves
keeps increasing. It is shown that the cumulative sum of the periods of these waves represents the stretching-time, the redshift,
z, represents the stretching velocity, and the quantity z2/t represents the stretching acceleration of the stretching-time. By
isolating time from space-time we find a simple equation which is developed based only on time and its kinematics. The
validity of this equation is confirmed first through the conformity of its predictions with Einstein’s three predictions, namely
the precession of Mercury’s orbit, the bending of light by the sun’s gravity, and the gravitational time dilation. Second, its
validity is further confirmed through its consistency with three different sets of observational data as well as with the recent
LIGO/Virgo gravitational waves measurement. It is shown that the flow of stretching-time is propelled by the energy released
at the big bang. Further, the Hubble constant is estimated analytically. Also a possible source and the quantity of what is called
dark energy are identified. It is concluded that the time model may clear the way to a quantum mechanical description of the
€OSmos.
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assumption of inflation at the initiation of the universe can
also lead to a non-flat universe [10, 11, 12]. Guth’s
inflationary model offers a false vacuum as the propulsive
force driving the expansion.

Considering only time and its kinematics, and considering
the current of time to be composed of a number of time
waves with different frequencies, it is shown that as time
flows, the number of its waves keeps increasing. The
cumulative sum of the periods of these time waves represents
the stretching-time. The proposed model of time reveals that
the redshift, z, is the velocity of the stretching-time, and the
quantity z2/t is the stretching-time’s acceleration.

It is seen that treating time in isolation, free of
entanglement with space-time, yields a very simple equation.
We use this equation to predict the precession of Mercury’s
orbit, the bending of light by the sun’s gravity, and, through
an application for the Geographic Positioning System, the
gravitational time dilation. All these predictions are
essentially the same as the Einstein general relativity
predictions. It will be seen that the time dilation caused by
acceleration is the unique cause of all the above three

1. Introduction

Ever since Edwin Hubble [1], through observations,
showed that the universe is expanding, there have been
tremendous research efforts to develop a realistic model of
the universe that 1is consistent with observational
measurements. The standard model ACDM has been the
culmination of this effort. This model is in terms of a limited
number of parameters fine tuned to represent the ingredients
of the universe. And it offers dark energy as the propulsive
agent driving the expansion. The model is consistent with
observational data, but it does not explain the assumptions of
large scale homogeneity and isotropy that lie at the
foundation of its formulation. It also does not shed any light
on the cosmic acceleration that was discovered in 1998 [2],
and has been confirmed by two independent teams [3, 4, 5].
As a remedy, Alan Guth [6, 7, 8], assuming an early
inflationary stage, shows how a process of an exponential
expansion at the birth of the universe can explain how the
universe has grown to be so smooth and uniform. It also can
explain the formation of large-scale structures [9]. But the
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phenomena. The time model’s validity is further confirmed
through the remarkable agreement of its prediction with three
different sets of observational data and with the recent
observations of gravitational waves [13-17].

In the time model, we represent the cosmological time as a
slender elastic rod, a “time-rod,” resting between a faraway
point source and the earth. Summing up the periods of all the
axial frequencies of the free vibration of this time-rod yields
the stretching-time, which then is multiplied by its spatial-
velocity to yield the spatial-distance between a point source
and the earth. This model offers an alternative to the standard
and the inflationary models of cosmology. It yields the time-
history of the expansion of the universe from the big bang to
the present. We make no assumptions, except those implicit
in Wein’s displacement law and in the temperature-redshift
relation. It will be shown that the time wave propagation is
fueled by the energy released at the big bang. Further, this
model of time leads us to identify both the source and the
quantity of what is called dark or vacuum energy.

Next, in section 2, we first evaluate the frequencies of the
free axial vibration of the time-rod and then evaluate the
value of the stretching-time between far away point sources
and the earth. In section 3, we evaluate the rates at which the
stretching-time increases, that is, the velocity and the
acceleration of the stretching-time. In section 4, we discuss
the time cycles and formulate the acceleration time dilation
equation. In section 5, we validate the model through the
conformity of its predictions with those of general relativity
and its consistency with observational data. In section 6, we
discuss the effect of the energy released at the big bang and
its role as the driver of stretching-time. We also make an
analytical estimate for the Hubble constant and identify both
the source and the quantity of what is called dark energy.
Conclusions and remarks are presented in section 7.

2. Evaluation of Stretching-Time and
Frequencies

Given the age of the universe to be t, = 13.8 giga years, |
want to evaluate the value of stretching-time between a far
away point source, such as a galaxy, and the earth. Due to the
increasing number of time waves, the value of the stretching-
time has been increasing since the birth of time. We consider
this value to be the cumulative sum of a series of periods of
time waves. Therefore, to evaluate the stretching-time to the
point source, we first need to determine the numbers of time
waves and their corresponding wave periods. To this end we
represent time as a uniform slender elastic rod, a ”time rod”,
stretching from its mid-point, along the x-axis as shown in
Figure 1, between the point source and the earth. Given the
age of the universe, t,, we first find the frequencies of the
axial free vibration of the time rod of length L/2 stretched
from point O to the earth. Then by summing up all the
periods of the time waves corresponding to the axial
frequencies of this time rod, we find the value of the
stretching-time, Ty, between the point O and the earth. Also
because time flows forward both toward the earth and toward

the point source simultaneously, the same temporal time, 7, is
the elapsed time between the earth and the point source.
Consequently, as can be inferred from Figure 1, the spatial
distance between the earth and the point source is,
numerically, twice the distance between the mid-point O and
the earth.

Point Source Earth
O X 0
1 L/2 1 L/2 ‘

Figure 1. A Representation of the Elastic Time Rod.

The axial wave propagation along a slender elastic rod,
with no external forces present, is described by the partial
differential equation

u"(x, ) —Cizu(x, £)=0 (1)

where prime represents differentiation with respect to x, and
dot represents differentiation with respect to time ¢, and the
constant, ¢, represents the speed of propagation of the time
waves, which is considered to be the same as the speed of
light. Let L denote the length of the elastic rod. The initial
conditions are:

u(x,0) = f(x) 2)
1(x,0) =0 A3)
and the boundary conditions are:

u(0,t) = 0 o
" (gt) =0 5)

Here our main interest is the values of the axial wave
propagation frequencies and periods. The solution of
equation (1), subject to the specified boundary conditions,
yields the frequencies [18, 19] as

wp=C2n-DT > fi=72=2n-15; (6

2m

Therefore the periods are given by

1 2 L

pn—E—m;, n=1,23,.. (7)

Replacing the length L by ct,, where t, represents the
cosmological age of the universe, one obtains

to ®)

2
2n-1

Pn =

The period p,, represents the temporal length of the nth
time wave. Thus the spatial length of the nth time wave is
given by

cto €

2
A, =cC =
n Pn =5

It should be noted that since the speed of light, c, is
constant, any change in the lengths of the waves is due to the



American Journal of Astronomy and Astrophysics 2018; 6(1): 9-20 11

change in the period of the time waves. If the lengths of a
time wave at the source and at the location of observation are
denoted by 4, and A, respectively, then using the above
relations one obtains

(10)
(11)

But by definition of the cosmological redshift we have

Z—1+Z

(12)

where z represents the cosmological redshift. Substitution of
the above relation back into equation (11) yields
n, =mct0 +% (13)
In order to evaluate the numbers n, and n, we first
determine, as an example, the value of the redshift, z, and the
length of the time wave, 4,, for a point source at the horizon.
To this end we use the fact that the temperature from the
CMB radiations at the time of decoupling was about 7,4, =
3000° K, and the black body radiation temperature now is
Tnow = 2.72548° K [20]. From the following relations for
the cosmological redshift

Ao _ Tthem . 3000°K
e Tnow  272548°K z+1 (14)
Tenen = Tnow(Z +1) = 2.72548 (z+ 1) (15)

where 4, and A, are the observed and emitted wave lengths
respectively, we evaluate A, through Wien’s displacement
law [21, 22], which yields

2.8977729x10 3 Km _ 2.8977729x103Km __

A = = =
€ Tthen 2.72548 (z+1)

1.0632156x1073
e U6

Now substituting the above value for 4, back into equation
(10) we obtain
(z+1) ctyg 1
e = Tosazisexio= |2 (17
Each period is defined by equation (8). Thus the number of
periods to be summed up is given by
ctoz ctoz
Ae(z+1)  1.0632156x10~3

An=n,—n, = (18)

As this is a very large number, to sum up the periods, we
divide the above number to a number of segments and sum
up the segments. To simplify, we represents the number of
segments by 13.8 m. To this end, using equations (17) and
(18), we represent the segment Ao; as

[ (z+1) cto ] _

AO'L' =Ny —
_ 138m 1.0632156x1073

i ctoz
13.8m 1.0632156x1073

(19)

Thus, using equation (8), the sum of the periods of the
stretching-time is given by

ne ne

2
Ts(t) = z Pn = z @n-1 to,
n=A40; n=A4o;
0<i<m (20)

According to the above relation, the stretching-time is the
sum of discrete periods. Clearly as t; grows from its lowest
value to its present-time value, t, , the stretching-time
increases due to the increase in the numbers of periods of the
time waves in the summation. Further the summation of the
discrete periods in equation (20) indicates that the emergence
of the stretching-time is a discrete process.

To exploit the model, we first evaluate the value of the
stretching-time between the earth and the horizon (the
boundary of the observable universe or the decoupling time).
For Ty4rizon = 3000° K, equation (15) yields z = 1099.72.
This value for the redshift is consistent with the z = 1090
proposed by the WMAP team [23]. The age of the horizon is
less than the age of the universe but, as an example, we
consider it to be the same. Thus considering t, = 13.8 Gy,
substituting the above value for z in equations (17) and (19),
then equation (20) yields the equation for the time-history of
the stretching-time to a point source at the horizon. A plot of
this time-history is presented in Figure 2. We have chosen the
number m to be 100. Increasing this number to numbers
larger than 100, except for yielding a smoother curve, makes
the computation much more time consuming. Our purpose is
to show the trend schematically.

Equation (20) can also be used to evaluate the value of the
stretching-time to any far away point sources. For example
we consider the four latest spectroscopically confirmed
galaxies, whose measured redshifts are summarized in Table
1. Substituting each galaxy’s redshift into equations (17) and
(19), then equation (20) yields the corresponding value of
stretching-time at the present time. These calculated
stretching-times are also presented in Table 1 in bold. To find
the stretching-time for a time beyond the present time, one
just substitutes the corresponding age of the universe in
equation (20). Except for the expanded scales, the time-
history would look the same as in Figure 2.

4' .
&S /
s 3
E m= 100
F
2
<=
é 1 ]

~

wnn

(1] 3=t 1

0 2 4 6 8 10 12 14
Cosmic Time in Gy, t

Figure 2. Schematic Time-History for StretchingTime to Horizon.
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Table 1. Horizon and Galaxies, Calculated Present-Time Values.

Name Ref. Redshift z @
0
Horizon [23] 1099.72 7.00372
GN-z11 [24] 11.09 2.49238
EGSY8p7 [25] 8.683 2.27037
EGS-zs8-1 [26] 7.7302 2.16679
z8GND 5296 [27] 7.51 2.14124

3. The Stretching-Time Velocity and
Acceleration

The slope of the curve in Figure 2 is the rate at which the
sum of the periods of the stretching-time waves is changing.
Therefore this slope represents the temporal velocity of the
stretching-time. In this section, first we show that, at each
instant of time, the numerical value of this slope is the same
as the cosmological redsift, z. The stretching-time Ty (t;) in
equation (20) represents the sum of the periods of the time
waves up to the time t;. The rate of change of Ts(t;) at time
t; is given by

dTs(t) _ [Ts(t)—-Ts(ti—1)]
dt ti—ti_q

1)

dTs(t; S
where 24 represents the stretching-time’s temporal

velocity, and the differentiation is with respect to t; = #to.

To see the trend, as an example, we again set the number
m = 100 in equation (19). Substituting for T,(t;) from
equation (20) into the above equation yields the temporal
velocity. Using equation (21), a schematic time-history for
the stretching-time’s temporal velocity for a point source at
the horizon is evaluated and presented in Figure 3.

dT;
dt
S
[

1

Z

Q

G 8

2 /
(0}

g ©

o 4 /
=) d

2 S —

n 0

0 2 4 6 8 10 12 14
Cosmic Time in Gy, t

Figure 3. Schematic Time-History of Stretching-Times Velocity.

dTs(to)

de ’
is very sensitive to the selected value for the number, m. But
as reported in Table 2, this sensitivity diminishes with
increase in the number m. And in each case the temporal
velocity of time converges to the corresponding value of the
redshift. Thus it is concluded that physically, cosmological
redshift is the same as the present-time value of the rate of
change of stretching-time, which is the same as the temporal
velocity of stretching-time, that is

The present-time value of time’s temporal velocity,

dTs(to) =7

e (22)

The temporal acceleration of the stretching-time is
evaluated through the following equation

@1 [de(:l-) _ dTs(ti—q)

s\ti) dt dt

ez ti—ti—q (23)
de(ti) . . .

where —5 s defined by equation (21). Again to see the

trend, as an example, we set m = 100. Using the above
equation, the time-history for time’s temporal acceleration for
a point source at the horizon is evaluated and presented in
Figure 4. As in the case of temporal velocity, the present-time
value of the stretching-time temporal acceleration is also very
sensitive to the segment number, m. As shown in Table 2, as
the number m is increased to between 10* and 10°, the
present-time values of the temporal accelerations, for all
redshifts, converge and we discover that

d*T(ty)  2°

— =qa; >
dt2 ty ©

d2Ts(tg) z2
0 =ca, =c—
to

d?R(ty) _
ez dt2 24
where t is the present-time age of the universe, a, is the rate
at which the stretching-time, T,(t,), is accelerating, and
d?R(tg)

-z represents the spatial acceleration.

d* Ty
dt

0.00006

0.00005
0.00004 }
0.00003 /
0.00002 /
0.00001

(1] 1
0 2 4 6 8 10 12 14

Cosmic Timein Gy, t

Stretching—Time Acceleration,

Figure 4. Schematic Time-History of Stretching-Time Acceleration.

4. Acceleration Time Dilation and Time
Cycles

Based on equation (24)
Z2 = atto (25)

Now the change in the value of z2 between two locations
along the current of time is given by

2_ .2 _ .2 _
Az* = z5 — 77 = QAptor — Apator (26)

In the following it will be shown that Az? represents an
acceleration time dilation. According to equation (24), a,
represents the temporal acceleration of the stretching-time.
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This temporal acceleration is related to the spatial
acceleration through the speed of light as
2
a=ca, =% - z22=q" 27)
to c
Therefore the change in z2 can be represented by
Az% =72 — 72 = aztOTZ— altOTl (28)

Considering the spatial accelerations to be the same as the
gravitational acceleration (Equivalence Principle) and using
Newton’s law of gravitation together with equation (27) one
obtains

2 _ to _ GM ¢ty

2T T Reor ¢

29

Therefore, using the above relation, substitutions into
equation (28) yield

[R(to2)[® ¢ [R(to)[® ¢

GM t GM t
AZZZZZZ—le 02 01

(30)
Now substituting cty; for R(ty;) and cty, for R(ty,) in
the above relation one obtains
2 2 GM GM
1

Az? =z —z2 =2 _ S0 31)

c3 ton c3tor

The above equation reflects the fact that Az? represents the
change in the present time along the current of time. This
change in time is the time-dilation due to gravitational
acceleration, and it is given by

A2 _ .2 _.2_ GM _ GM

6t =Az* =2z5 —z{ = T (32)
Alternatively this time dilation is given by

St=1z2—z2 = -1 =2 (33)

c2 R(toz2) c2 R(to1)

Table 2. Sensitivity of the Stretching-Time Rates to the Segment Number, m.

Based on equations (15), (20), (22), and (24) I have
calculated numerical values for the stretching-time and its
velocity and acceleration for temperatures varying from
3000°K , at the horizon, to the Plank temperature of
1.41686 x 103K at the big bang. The redshift
corresponding to each temperature is the redshift at the
horizon raised to the power n. As listed in Table 3, n varies
from 1 to 10.4285, which is its value at the Plank
temperature. All the time values in Table 3 are in Gy. It is
clear that for redshifts larger than 1099.72", that is for n >
1, the last four columns in Table 3 are all repeating
themselves. This is due to the centrifugal character of the
trajectory of time as implied by equations (22) and (24).
Based on the repeated values in Table 3, the non-
dimensioned stretching-time can be represented by

Ts
2= o + S0, (34)
But according to the penultimate column of Table 3
oYy =8P, =83 =...= 6y, = 6P =0.720 (35)

Considering the repeated values of the term % in the
0

table, it is concluded that the trajectory of time is composed
of circles. The normalized angular length of each circle, at
the present time, is given by

nto to

(36)

For calculating the time distance of galaxies from the
earth, it should be noted that the maximum time distance
along the trajectory of time would be half a cycle. Thus in
such a case the value of oy has to be reduced by the factor of
1/2. Therefore the time dilation in each half circle of time is
given by

O e A L

to

Consequently the additional change in the redshift due to

Source m 10’ m10*  m10°  m10® this time dilation i
Horizon 2199.81 110413 1099.77 1099.72 15 trme driation 15
Veloci GN-z11 11.1348 11.0904 11.090
elocity 0.720
(o) = z EGSY8p7 8.71043  8.68327 8.6830 8§z = : = 0.600 (38)
A EGS-zs8-1 7.75193  7.73042 7.7302 2
z8GND 5296 7.53051 7.51020 7.5100
Accelerats Horizon 034486 0.98428 0.99988 Due to this time dilation effect, in section 5.4, we will
cceleration GN-z11 0.98414  0.99984 : :
T.(t0) R A s replace the term z in equations (17), (18) and (19) by
2/t EGS-zs8-1  0.98891  0.99989 (z + 62).
z8GND 5296 0.98922  0.99989
Table 3. Present-Time Status of the Kinematics of Stretching Time.
Temperature . R 2w, R T,
Kelvin z=Ts= P z- =Tty = /b n T t Sy 8z
2.72548 0 0 0 0
5 0.83454 0.69646 12.2787 0.88976
10 2.66908 7.12398 20.0293 1.45140
100 35.6908 1.27383x 103 499387 3.61875
1000 365.908 1.33889 x 10° 81.5131 5.90674
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Temperature . 2 _ R T, T,

Kelvin z=T;= < z" =Tty = o/t n "y T Sy 8z
3000 1099.723542 1.2093910° 1 96.6514 7.00372 0.720 0.600
3.29618 x 10° 1.20939 x 10° 1.46263 x 1012 2 96.6388 7.00281 0.720 0.600
3.62488 x 10° 1.32999 x 10° 1.76889 x 1018 3 96.6388 7.00281 0.720 0.600
3.98637 x 1012 1.46263 x 1012 2.13928 x 10%* 4 96.6388 7.00281 0.720 0.600
4.38389 x 1015 1.60849 x 10*° 2.58723 x 103° 5 96.6388 7.00281 0.720 0.600
4.82108 x 108 1.76889 x 1018 3.12898 x 103¢ 6 96.6388 7.00281 0.720 0.600
5.30185 x 102 1.94529 x 10%* 3.78416 x 10*? 7 96.6388 7.00281 0.720 0.600
5.83057 x 10%* 2.13928 x 10%* 4.57653 x 10*® 8 96.6388 7.00281 0.720 0.600
6.41202 x 10?7 2.35262 x 10?7 5.53482 x 10°* 9 96.6388 7.00281 0.720 0.600
7.05145 x 103° 2.58723 x 103° 6.69376 X 10°° 10 96.6388 7.00281 0.720 0.600
1.41686 x 1032 5.19855 x 1031 2.70249 x 103 10.4285 96.6388 7.00281 0.720 0.600

5. Validation of the Proposed Model

We validate the time model by first showing that its
predictions are consistent with the Einstein three tests:
namely, the Precession of Perihelion of Mercury, Deflection
of Light by the Sun, and Gravitational Redshift. The sole
underlying cause in all these three cases, it will be seen, is the
time dilation due to acceleration of stretching-time, as
predicted by equation (33). And in each case we will see that
the results, as calculated using this equation, are essentially
the same as the ones that have been predicted by General
Relativity. Next we will apply the time model to cosmic
expansion and show that the results are remarkably consistent
with the observational data. We will further validate the time
model by using it to calculate the distances to the sources of
the recently observed gravitational waves due to the merging
of neutron stars [13-17].

5.1. Precession of Perihelion of Mercury

For Mercury we will use the following data:

Speed of light = 2.99792458 x 108 m/s,

Gravitational Constant = G

=6.67408 X 10711 m3 kg1 572,

Sun’s Mass = My = 1.98855 x 103° kg,

Sun’s Radius = R = 6.95700 X 108 m,

Perihelion = 1, = 46.001200 x 10° m,

Aphelion = 7, = 69.816 x 10° m,

Eccentricity = e = 0.205630,

The major and minor axes of the elliptical orbit of Mercury
are given respectively by

a="0718 (39)

b= rprg=avl—e? (40)

where e is the eccentricity of Mercury’s elliptical orbit.
Based on equation (33) the total time dilation per orbital
cycle for Mercury at the perihelion, then at aphelion and back
to perihelion on its orbit is given by

5t =2 (22— (—22)) = 2 (fz“:p - (-25) @
where the factor 2 in the above equation accounts for the fact
that in each orbital cycle, the major axis is traversed by time
twice. Since the perihelion and aphelion are at the opposite
sides of the origin, which is the sun’s center, a negative sign
is assigned to the term z2. Thus the total time dilation per
orbital cycle is given by

ot =2 (s} +28) = 2 (S + %) (42)

cZr,  c2rg

Substitutions for 7, and 7, from equations (39) and (40)
back into the above equation yield

4GM; 1
ot = 2 a(1-e?) “3)
The Period of Mercury is given by
am? a3\/?
= (%) @

Therefore the total time for perihelion advance around the
sun per Mercury’s orbital period is given by

1/2

aT=6r7= (1L (AEE) T as)

cZ2 a(1-e?) G Mg

Based on Kepler’s laws of planetary motion [28], it can be
shown that

h?=GM,r, (1—¢) = (r2¢)° (46)

where h is a constant and ¢ is the angular velocity at the
apogee of Mercury’s orbit. But as shown in Figure (5),
considering that the perihelion advance around the sun is
circular, the eccentricity e = 0. Thus

G M

ra

b= (47)

For the circular precession, ¢ must be a constant.
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Therefore the perihelion precession per cycle of Mercury’s
orbit is given by

A = d) AT = Gr;:ls (4' GMs 1 )(4 2 a3)

c2 a(1-e?) G Mg
81 G Mg (a)3/2

c?2a(1-e2) \rgq

1/2

(43)

Since Mercury has a total of 415.2 orbital cycles per
century, the total discrepancy in the perihelion angle is given
by

8nGMs (a\3/2 (360x60%60 B
c2a(1-e2) (a) ( 2m ) 4152 =
43.2923 arc seconds/century

A =
(49)
Although Newton’s theory had not been able to account

for this, Einstein using General Relativity was able to
calculate it [29] as

a? (360><60><60

— 3 —

A = 241 s (B0 )415.2 =

42.9824 arc seconds/century (50)

According to astronomic observations the discrepancy
angle is 45 + 5 arc seconds /century.

Mercury

S

Figure 5. Schematic of Precession of the Perihelion of Mercury.

5.2. Deflection of Light by the Sun

Figure 6 shows a schematic of the bending of light caused
by the gravitational acceleration of the sun. The total
acceleration time dilation per unit of time at any point on the
sun’s surface, based on equation (33), is given by

G Mg
c2 Ry

8t = 2 (28un — Zigne) = 2 28un = 2 (51)

Because light has no mass, leight = 0. The factor 2 in the
above relation accounts for the fact that time dilates both as it
approaches and as it leaves the sun’s neighborhood. The
angle 6 is calculated by dividing the length of its chord by
the radius, R;. The length of the chord, AL, associated with
the time dilation, §t, is given by

2R
c

AL = (c 8t) At = (¢ 6t) (52)
Considering the fact that 6t is dimensionless, the term

(c 8t ) in the above equation represents the velocity, which is
2 Rg

multiplied by the time, At = , to give the length of the

c

chord. Therefore based on equations (51) and (52) we get

2 Rg

A o)== 2y _ EMs) =
== a0 =22 58) -
G Mg
T (53)

Substitutions of the given data into the above equation yield

GM; _ , (6.67408x10711) (1.98855x1037) 360x60x60
c2 Ry (2.99792458x108)2 (6.65700x108) 2m
1.75126 arc seconds

0 =4

(34

.
|
|

At=2R,/c -

Figure 6. Schematic of Bending of Light Rays by the Sun.
5.3. Gravitational Redshift

We will show the effect of gravitational redshift by
predicting the time dilation due to acceleration for a
Geographic Positioning System Satellite [30, 31]. Based on
the equivalence principle, we consider the spatial
acceleration of the stretching-time to be equivalent to the
acceleration due to gravity and will use the following data
which are used in the current GPS operation

Speed of light = 2.998 x 108 m/s

Gravitational Constant = G

=6.67408 X 10711 m3 kg1 572,

Earth’s Mass = M, = 5.974 X 10%* kg

Earth’s RadiusR, = 6.357 X 10° m

Satellite's Height = h = 21.184 X 10° m

A =10° x 24 x 3600 ns per 24 hours

Again based on equation (33), the time dilation due to
earth’s gravity between the earth and the Satellite is given by

G M, G M,
5t=Z§—ZSZZ 2R, 2R, (55)

But
R, =R, +h (56)

Substituting for R, from the above relation back into
equation (55) yields the time dilation as
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S = (L L)
S c2 \Ry Re+h

(57)
Substitutions for the different parameters from the given
data into the above equation yield
8§t =5.30672 x 10710 s/s (58)
For a 24 hour time span the above relation yields

St =2 x (5.30672 x 1071 s/s) = 45850 ns/day (59)

Using Schwarzschild’s solution [32] of the Einstein
equation, as shown below, yields essentially the same answer
as

6t=lx(\/1—ﬂ—\/1—%)=45850ns/day (60)

c2R, 2
5.4. Consistency with Observational Data

The above three tests validate the proposed model and
demonstrate that the redshift, z, is an intrinsic property of
time, that is, it is not a consequence of expansion of space-
time; it is its cause. At the present time the universe expands
because the current of time flows with the cosmological
redshift, z, as its temporal velocity and

dR(to) =c dTs(to) —
dt dt

(61)

as its spatial velocity, where R(t,) represents the present-
time value of the distance between the earth and the point
source. Because the redshift, z, acts as an amplification on
the speed of light, the spatial velocity of stretching-time,
dR(to)

dat ’
faster than light speed communication in time domain as it
happens between entangled pairs of particles in quantum
state. That is how temporal entanglement can happen.

To find the present-time value of the spatial distance
between the earth and a point source, we multiply the
present-time value of the stretching-time’s spatial velocity, as
given by equation (61), by the present-time value of the
stretching-time, T (t,), as defined by equation (20). Thus,
the spatial distance is given by

for z > 1, exceeds the speed of light. This allows

dTs(to)

R(to) =2c dt

T(ty) =2¢zTy(t)  (62)

The factor 2 in the above relation, as noted in section 2,
accounts for the fact that time flows forward both toward the
earth and toward the point source simultaneously.
Consequently the spatial length must be multiplied by the
factor 2. Also to evaluate Ty (t,) using equation (20), due to
time dilation effect as specified in equation (38), first the
term z in equations (17), (18), and (19) is replaced by
(z + 8z). This substitution yields:

_ ((z+82)+1) ctg
€ T 1.0632156x1073

1
+- (63)

i (z+82)+1) ct 1

S =y ——— n = [ 1)
13.8m 1.0632156x1073 2

i cto (z+82)

13.8m 1.0632156x1073

(64)

Using the above values for n, and Ag; in equation (20),
then through equation (62) one obtains the value of the
spatial distance as

R(ty) = 2czT(to) =

ne 2
2er Y
n=40; (2n-1)

Clearly one only needs the age of the universe, t,, and the
redshift, z, to calculate the distance to any galaxy or star. To
compare the spatial distances with the observational data, the
distance, R(t,), as defined in equation (65), is converted to
distance modulus via the following relation

<i<m (65)

(66)

u=-5+5 (Log10 R(tO)—XGy)

Parsac

where u represents the distance modulus and Gy stands for
giga year (3.15576 X 106 seconds). The above equation is
plotted in Figures 7 and 8 for the values of redshift, z,
varying from 0 to 12. To check how well the curve in these
figures represents the reality, the following three sets of
observational data are also plotted in these figures.

1. A set of 557 SNe data with redshifts from a low of
z = 0.0152 to a maximum of z = 1.4, as reported in 2010 in
the Union2 Compilation [33]. In Figures 8 and 9 these data
points are shown in Blue.

2. A set of 394 extragalactic distances to 349 galaxies at
cosmological redshifts significantly higher than the Union2
Compilation with redshifts from a low of z=10.133 to a
maximum of z = 6.6, as reported in 2008 by Mador and
Steer [34]. In Figures 7 and 8 these data points are shown in
red.

3. A set of redshift data, as listed in Table 1, for the four
spectroscopically confirmed galaxies. As only the redshift
values are given, the corresponding distances for these four
galaxies are evaluated based on equation (20). As such they
have to match the curve perfectly. Their inclusion here serves
to check the accuracy of the calculations. As the following
two figures show, the analytical curve matches the
observational data remarkably well

w
o

S0 /

Distance Modulus, zx

s
6 8 10 12
Redshift, z

Figure 7. Comparison of the Analytical curve with the Observational Data.
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Figure 8. Comparison of the Analytical Curve with the Observational Data.

6. Primordial Energy, Hubble Constant
and Dark Energy

So far all the formulations and results, from the beginning
of section 2 through section 5, are based on classical
mechanics. In the following we will see how the discrete
process involved in the formulation of the stretching-time
leads to a quantum mechanical approach to formulation of
the primordial energy. Treating time as an independent
variable, un-entangled with space-time, as shown in previous
sections, revealed the discrete character of stretching-time.
This discrete character suggests that the flow of time waves
can be considered as streams of mass-less particles (energy in
motion). This wave-particle treatment of time waves is
consistent with the complementarity principle in quantum
mechanics. We will use this discrete property to find the
agent driving time forward. We will also use it to analytically
estimate the Hubble constant and identify both the source and
the quantity of what is called dark energy.

6.1. The Driving Agent Behind Time

Based on the assumed cosmological age of 13.8 Gy, and
equations (13) and (15) to (17), it can be shown that

cto

Ny = ——0 4 2=122795x102° (67)
1.0632156%X10 2
Tthen
n, = G 1 G agaag 000 ()
1.0632156%10 2

where Tpen = 141681 x 1032K is the Plank temperature.
The Plank temperature is considered to be the temperature at
the big bang. Clearly the number n, is a function of t,, the
assumed age of the universe. But the number n,, besides
being a function of t;, is also a function of the initial
temperature, T;pen, Of the universe. The energy of a time
wave of frequency f,,, according to the Plank-Einstein
relation [35] and equation (8), is a constant defined by

h  h (2n-1)
Pn to 2

E, = hf, = (69)

where h is the Plank constant. Since the Plank temperature is
a constant and the present-time age of the universe is

assumed to be 13.8 Gy, the numbers n, and n,, as given by
equations (67) and (68), are also constants. Therefore the
present-time value of the energy of the stretching-time, for a
universe that has been assumed to have been at Plank
temperature at the big bang, is given by

h
E=2) hfy=2) —=
4 L P,
n=n, n=n,
(2n-1)

Z(h Ne

to SN=no 2

) = 6.19974 x 107° joules (70)

Factor 2 in the above relation, as noted in Figure 1,
accounts for the fact that the stretching-time stretches both
toward the left and the right. Time emerges as the energy is
released. This primordial energy is released in quanta with
frequencies ranging from n, to n, cycles/second . The
stretching-time, which is the sum of the successive periods of
these frequencies, starts its increase with the period
corresponding to the frequency n, cycles/secon . As
stretching-time starts to increase, the temperature begins to
reduce. Considering the following relation

(2n-1)

h e
E(t) =2 Ylao 5

0<i<m

(71)
where, based on equations (15) and (19), 4g; is given by

i
Aog; =n,——— An =
13.8m
Tthen . Tthen _
(2.72548)Ct0 + 1l i ¢t (2.72548 1)
1.0632156x1073 = 2 13.8m 1.0632156x1073 ’

(72)

one can see that there is an exact one to one correspondence
between the terms in equation (71) and the terms in equation
(20). This fact suggests that the driving agent that gives rise
to the increase of the stretching-time, Ts(t;), as defined in
equation (20), is the primordial energy that is released at the
big bang. The released energy supplies the energy for the
creation and propagation of time waves (or time particles). In
fact the stretching-time represents the flow of this energy that
has been propagating since the big bang. Thus this is the
energy that by propagating the time waves gives rise to the
accelerating expansion of space. As the energy drives the
time waves forward the temperature drops and the stretching-
time increases. It is this increase in the stretching-time that,
when multiplied by the spatial speed of time, appears as
expansion of space.

The foregoing results are developed based on the
stretching-time increasing both toward us and away from us.
Physically the energy given in equation (70) spreads
uniformly in all directions, driving the time waves forward.
Therefore, at the present time, the trajectories of the
stretching-time are all along great circles of the sphere of
time. The spheres of time are nested inside each other. The
diameter of each sphere is equal to the sum of the wave
lengths divided by Nm where N is the number of waves
included in the summation. The time-rod in Figure 1, at the
present time, represents the diameter of the largest sphere of
time. The sphere of time has the cosmological age of the
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universe as its radius but its surface has no boundary.
The equivalent mass of the energy given by equation (70)
is given by

_6.19974x107°
c2

M=

E
c2

= 6.89815 x 10°3 kg (73)
This is the mass associated with the energy of time. Also
throughout the emergence of time, from the big bang to the
present, the equivalent total mass, My,:4;, Oof all matter in our
universe, remains constant. Therefore, since at the present
time the redshift for earth is zero, based on equation (33), it is
seen that the total mass of all matter in our universe,
including the equivalent mass of all radiations and including
the equivalent mass, as calculated in equation (73), is given
by
2

3 . _
~ @Y _ 5 gg151x 1055 kg (74)

G G

3 2
[ tp Zp

Mrotar =

Where t, and 7, are the Plank time and the Plank
temperature respectively and z, is defined by

32
o 1= 1.41681x10

Zy, = - 1=5.19838 x 103t (75)
Tnow 2.72548
Thus the total energy of our universe is given by
2
5. ,2 5¢ (—P 4
Erotar = ¢*Mrorq = . tg b= (272548 ) -
5.28604 x 1072 joules (76)
The above results together with the one-to-one

correspondence of the terms in equation (20) with the ones in
equation (71) suggest that a mega merger/collisions of super-
massive bodies, whose total mass is given by equation (74),
as a possible source of the energy given by equation (70).
This is similar to recently discovered event of collision of
two neutron stars that sat up gravitational waves and also
released a large amount of energy [36, 37]. The released
energy at the big bang has been propagating as the stretching-
time or primordial gravitational waves. The origin of time in
our universe can be considered to be during this
merger/collision of the super massive bodies at the big bang.
This merger/collision is assumed to have taken place during
an interval of time equal to the Plank time, at the big bang.
As such, the mega merger/collision of super-massive bodies
at the big bang explains the cause of the energy release
without encountering any singularity. At the present time all
trajectories of the stretching-time lie on the surface of the
sphere of time. As the sphere of time expands with the
passage of cosmological time, the temporal distances among
all points on the surface of the sphere of time increase. The
increasing temporal distance once multiplied by the spatial
speed of the stretching-time, dR(t,)/dt, gives rise to the
increasing spatial distance.

The events of recently detected gravitational waves due to
merging of neutron stars are similar to that at the big bang
but as sources of gravitational waves they are closer to us
than the source of time waves from the big bang. We have

used equation (65) together with the age of the universe and
the reported measured redshifts to calculate the distances to
these events. These calculated distances along with the
corresponding observationally measured distances are
presented in Table 4. The consistency of the calculated values
with the measured ones provides further validation for the
time model.

Table 4. Comparison of Observational and Calculated Distances.

Event Reference Redshift z g?::;;;:c g?;sll;;;i
GWI51226 [13] 0.097003 4407160 399.8+1511
GW150914  [14] 0.097003  4p0+1e0 399,8+1511

+0.09 +500 +567.7
T B R
GW170814  [17] 0117093 540+ 499641363

. —0.04 —210 Y1957

6.2. The Hubble Constant and Dark Energy

We have not used the Hubble constant in the foregoing
developments. However, if one considers the energy, E, as
given in equation (70), to be vacuum or dark energy, then one
obtains the following energy and mass densities for the
vacuum:

= E
vace T Bz e tg)3

= 8.3135 x 1071 joules/m® (77)

- E — —27 3
Prac = e et 9.25002 x 107%" kg/m®  (78)
Using the above value for the mass density of the vacuum

one obtains the present-time value of the Hubble constant as

H, = /%”Gpm = 227419 x 10718 =

70.1404 km s~ Mpc™! (79)

The most recent published values for the Hubble constant,
based on observational data, are:

73.0 + 1.75 km s~ Mpc™?* [38], 67.6%37 km s™! Mpc™?!
[39], and 71.9%%¢ km s~ Mpc~! [40]. The average of these
three values is 70.83%153 km s™* Mpc™, which is within
1% of the analytically calculated value in equation (79). In
arriving at the value for the energy used in equations (77) and
(78), except for the assumptions implicit in Wien’s
displacement law and the temperature-redshift relation, no
assumptions have been made about the ingredients forming
the universe or about the geometry of space-time. Also no
consideration has been given to the existence of a
cosmological constant, vacuum or dark energy.

The closeness of the value of H,, as given by equation
(79), to the average of the measured value of the Hubble
constant, as cited above, suggests that what is referred to as
vacuum or dark energy is the energy of the stretching-time
waves that, possibly as the result of the merger/collision of
super-massive bodies, was released at the big bang. The
present-time value of this energy, the energy of the
stretching—time waves, is given by equation (70). Also the
net energy left over after the merger/collision, excluding the
energy of the stretching-time waves, as given in equation
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(70), is given by

AE = Epgyq — E = 5.28604 x 1072 — 6.19974 x 107° =
5.22404 x 1072 joules (80)

This energy is distributed among galactic bodies and
through its gravity plays a significant role in the behavior of
galaxies. A part of this energy is what is called dark matter
and a small part of this energy constitutes the mass of
ordinary matter and radiation. The rest of this energy is
reserved for the future increase of the stretching-time and
further evolution of our universe.

7. Remarks and Conclusions

The time model offers an alternative to the standard and
the inflationary models of cosmology. It yields the time-
history of the expansion of our universe from the big bang to
the present. It involves no assumptions except the ones
implicit in Wein’s displacement law and in the temperature-
redshift relation. It also does not require the existence of a
cosmological constant. The enormous accelerations and
velocities given in Table 3 are due to the fact that, as one
goes back in time, the radius of the sphere of time becomes
smaller and smaller because the frequencies are becoming
larger, causing the curvature of the trajectory of the
stretching-time to grow. The agreement of the time model’s
analytical curve with the published observational data is
remarkably good. Besides, the time model has yielded a
simple equation based on the kinematics of time. Further the
time model shows that the gravitational time dilation is the
sole cause of precession of Mercury, the bending of light
about the sun, and the gravitational redshift. Also the time
model has revealed both the source and the quantity of what
is called dark energy. Further, the model shows that the time
waves are driven by the energy emanating from the big bang
and propagating in all directions. In addition, the occurrence
of the event that gave rise to the emergence of our big bang
did not have to have been a unique incident. As such the time
model does not exclude the existence of time before the big
bang and leaves open the possibility of the existence of other
universes.

As implied by the Plank-Einstein relation, like other
constants of nature, each time wave has an intrinsic amount
of energy which is a constant. At the big bang the energy is
released in quanta with distinct frequencies. The
superposition of the periods of time waves causes the
stretching-time to increase because, as the energy is released
in quanta, the stretching-time increases by a “quantum leap”
from one sphere of time to the next, while adding one more
period to its summation. Each of the infinite numbers of
points on the surface of the sphere of the present-time
represents the same present-time.

As a consequence of isolating the role of time from space-
time, it is seen that the increase in the stretching-time is a
discrete process. This discrete behavior of time appears to
clear the way to combining quantum mechanics and gravity

and to a quantum mechanical description of the cosmos.
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