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The original Robertson-Walker (R&W) solution to a homogenous and isotropic universe was
enhanced by Friedmann and Lemaître and called the “FLRW” or “Lambda-CDM” model of the
universe. Lambda stands for dark energy (cosmological constant), CDM stands for cold dark matter.
However, the R&W solution does not abide by Noether’s laws of energy conservation, leading
cosmologists to state that: “energy conservation is a local statement”. The R&W solution needs
repair for Noether’s demands on energy and momentum conservation.
This repair involves the reinterpretation of time in the cosmic past and the introduction of threeinstead of the two-dimensional curvature as described in the original R&W solution. The repair
also involves the extension of the principle of “comoving coordinates” as introduced by R&W. The
comoving coordinates of R&W explain an expanding universe within which distances between
galaxies remain the same in coordinates, while the unit meter [m] expands.
The authors extend the unit meter [m] expansion to the units second [s], kilogram [kg], and
Coulomb [C], the S-MKC system, in order to ensure an invariant speed of light “c” and an
invariant Newton constant “G”. By keeping the constants of nature and the laws of nature invariant
to location and time, we ensure adhering to Noether’s laws of energy-momentum conservation and
to the perfect cosmological principle.
The unit second expansion by the cosmic-factor “λ” (λ = H.t, in which “H” is the Hubble constant)
explains the cosmic inflation of redshift plus one (z + 1). The expanding unit second or cosmic
inflation explains the “cosmic inflation era” and observations form the Hubble Space Telescope
of star formation in the cosmic past. The energy of mass-particles at speed (boost-factor γ), in
gravitation (gravitation-factor σ), and over cosmic time (cosmic-factor λ) is measured as:
E = m.c2 = λ.σ.γ.m0.c2

[J]

This formula demonstrates energy conservation of mass-particles over time. Quantum Relativity for
Space-time unites Special Relativity (boost-factor “γ”) with the Schwarzschild (gravitation-factor
“σ”) and R&W (cosmic-factor “λ”) solutions, has no paradoxes or singularities, and is confirmed
by all relativistic experiments and observations. The universe turns out to be spherical (3-sphere)
and “closed”, supported by the distribution of galaxies over redshift “z”. This model is actually
Einstein’s very first model, but with a twist, the radius of the universal model as 3-sphere turns out
to be in ratio with time.
This 3-sphere space-time model of the universe is beautiful in its mathematics, abides by the perfect
cosmological principle, and conserves its energy according to Noether’s theorem in comoving
coordinates. The density of the universe turns out to be about twenty times as much as Friedmann’s
critical density, wiping out the need for “dark energy” and most of the “cold dark matter”. The Big
Bang turns out to be a horizon in time, the authors have called this horizon the “Hubble Horizon”,
in honor of the work of Hubble.
The introduction of “natural coordinates” allows us to establish the total mass of the universe as
well as the smallest quanta of space-time, mass-energy, and (angular) momentum, uniting Bohr’s
quantum theory with Einstein’s relativity theories.
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Abstract of Quantum Relativity (for Quanta)

Preface

The principle of natural coordinates makes physics independent of the definition of the units and
the value of the physical constants in those units. Einstein expressed time and mass in meters; both
c.t and 2G.M / c2 are expressed in meters. He used the constants of nature “c” and “G” to express
the quantities of time “t” and mass “M” in meters. Natural coordinates also use the Hubble constant
“H” to get rid of the units all together, making natural coordinates the logical choice for Einstein’s
theory of General Relativity.

Who we are and what we want

Natural coordinates, limited to one or 100%, lead to the size (Hubble distance), history (Hubble
time), and energy (Hubble energy) of the universe, and also to the maximum of speed, force, power,
and extrinsic curvature. Natural coordinates are printed in bold. For example, natural speed “v” is
obtained by dividing the speed “v” in [m.s–1] by the speed of light “c”; v ≤ 1.0:
Quantity
v ≤ 1.0
κext ≤ 1.0
F ≤ 1.0
Pw ≤ 1.0

in S-MKC units
v ≤ c
κext ≤ c2 / G
F ≤ c4 / G
Pw ≤ c5 / G

[m.s–1]
[kg.m–1]
[N]
[Watt]

maximum speed
maximum extrinsic curvature
maximum force
maximum power

Natural coordinates combined with the Fredkin hypothesis (digital physics) and with Heisenberg’s
uncertainty principle, leads to the smallest quanta of space, time, mass, energy, momentum, and
angular momentum of “½ħ”, of which only the angular momentum is confirmed experimentally:
Quantum
time
length
mass
momentum
energy
angular momentum

Natural
½ħ
½ħ
½ħ
½ħ
½ħ
½ħ

Value
1.24 x 10-122
1.24 x 10-122
1.24 x 10-122
1.24 x 10-122
1.24 x 10-122
1.24 x 10-122

S-MKC
½G.H.ħ / c5
½G.H.ħ / c4
½H.ħ / c2
½H.ħ / c
½H.ħ
½ħ

Value
4.24 x 10-105
1.27 x 10-96
1.71 x 10-69
5.14 x 10-61
1.54 x 10-52
5.27 x 10-35

Units
[s]
[m]
[kg]
[kg.m.s-1]
[kg.m2.s-2]
[kg.m2.s-1]

In this table is “ħ” the reduced Planck constant, “G” the Newton constant, “H” the Hubble constant,
and “c” the speed of light. Note that all quanta in naturals have the same value of “½ħ”!
Twice reduced Planck values in SI units
tplanck = (½ħ.G / c5)½ 3.81 x 10-44 [s]
lplanck = (½ħ.G / c3)½ 1.14 x 10-35 [m]
mplanck = (½ħ.c / G)½ 1.54 x 10-8 [kg]
pplanck = (½ħ.c3 / G)½ 4.61
[kg.m.s-1]
5
½
9
Eplanck = (½ħ.c / G) 1.38 x 10 [kg.m2.s-2]

in naturals
(½ħ)½
twice reduced Planck time
(½ħ)½
twice reduced Planck length
(½ħ)½
twice reduced Planck mass
(½ħ)½
twice reduced Planck momentum
½
(½ħ)
twice reduced Planck energy

The twice reduced Planck values mark the transition from quantum mechanics into macro
mechanics.
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We are three Dutch academic engineers coming from different industries, without a professional
link to a university. The academics in us want to use and check formulas in order to predict the
correct and measurable outcomes. We are practical users of the formulas of physics; we want to
use Einstein’s theories of Special and General Relativity as well as Bohr’s Quantum Theory to
understand the universe from its very small building blocks to its overall size and energy. We are
specialized in measurement technology, the Achilles heel of Einstein’s Relativity.
Our Theory: Quantum Relativity
This book is the third in a sequence of three about our theory: “Quantum Relativity”, see figure 1.
Special
Relativity

Schwarzschild
Solution

Repair
Book I
Repair
Book II

Robertson-Walker
Solution

Repair

Uncertainty Principle
Fredkin Hypothesis

Merge

Book III

Quantum Relativity
for Speed

Repaired for two
unproven assumptions

Quantum Relativity
for Gravitation

Repaired for Noether’s
conservation laws

Quantum Relativity
for Space-time

Repaired for basic unit
relativity

Quantum Relativity
(Small to All)

Quanta in relativity
Natural values

Figure 1: Quantum Relativity in three books

Quantum Relativity unites Einstein’s Special Relativity with two solutions to his theory of General
Relativity. Our theory has no paradoxes or singularities. Quantum Relativity is based on digital
physics; the Fredkin hypothesis. Quantum Relativity adds finite quanta of space and time to the
quantum theory. Our theory has a simple(r) explanation of all relativistic experiments.
Our theory offers a simple explanation of cosmic inflation (redshift plus one) and describes our
expanding universe without the need for a cosmological constant (“dark energy”). Black holes are
nothing but massive and fast rotating objects without singularity; no science fiction.
The observed movements (speeds) of stars on the edge of galaxies is currently being explained by
most astronomers using “dark matter”. Our model is robust enough to explain these movements
using solid physics instead of influences of unexplained nature.
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Preface

On the Shoulders of Giants

Experiments and Observations

Down to earth engineers as we are, we base ourselves on the proven fundamentals of physics.
To us, Noether’s conservation laws of energy and momentum are the key to the repair of Einstein’s
relativity theories.

We accept the outcomes of all relativistic experiments. We have tested our theory against the
following experiments: Michelson-Morley, Ives-Stilwell, Kündig, Pound-Rebka, Shapiro, and
Hafele-Keating.

Noether was a pupil of Hilbert; both of them were convinced that Einstein’s theory of General Relativity did not fulfill the requirements to prove energy conservation1. In Noether and Hilbert, we
find two (deceased) allies in our quest. In this book we will unite Einstein’s local energy-momentum
conservation with Noether’s frame wide energy-momentum conservation, see figure 2.

We accept all of the following observations: Eddington’s observation of the bending of starlight
around the sun, Mercury’s perihelion precession, the gravitational redshift of the sun on earth, the
redshift of the Cosmic Microwave Background Radiation (CMBR), the distribution of galaxies over
its redshift, the behavior of clocks in (GPS) satellites, the gravitational waves as measured by Hulse
and Taylor, the change in gyroscope orientation of Gravity Probe-B, and the gravitational waves as
measured by Advanced LIGO. In summary, our theory is not in conflict with the outcome of any
relativistic experiment.

Is the speed of light constant under all circumstances?
yes

no

Noether: Yes, needed to
prove energy conservation

Einstein: No, not within
a gravitational field

Noether (reference) frame
is Euclidean or “flat”

In gravitation, space-time
is curved

Authors: Space-time is curved within a Noether frame,
“extrinsic curvature”. Einstein’s curvature is split into
extrinsic and intrinsic curvature
Figure 2: Uniting Noether’s conservation laws with Einstein’s Relativity

Figure 2 demonstrates how Einstein’s curved space-time can be united with Noether’s demands of
a reference frame by introducing intrinsic and extrinsic curvature.
We also base ourselves on the Quantum Theory, with the emphasis on Heisenberg’s uncertainty
principle and the Fredkin finite nature hypothesis. In other words, we stand on the shoulders of
giants of fundamental physics like Einstein (relativity), Noether (energy-momentum conservation),
Bohr (quantum physics) and Fredkin (digital physics).
We also base our theory on the work of Schwarzschild (solving Einstein’s field equations for a
singularity and for a static sphere) and Robertson-Walker (solving Einstein’s field equations for the
universe based on “comoving coordinates”).

Three Predictions that make the Difference
The most important prediction of Quantum Relativity comes from the Hubble Space Telescope
observations. The Hubble Space Telescope and its successor(s) will confirm that star formation at
galaxies are observed redshift plus one (z + 1) faster than at galaxies close by (see chapter 3).
The prediction in our first book comes from a new addition to the Doppler family, the Doppler
Effect in which both the source and the receiver move at high speed within the reference frame of
the earth, similar to sound waves in the air. We predict that the clocks of both the source and the
receiver will slow down, irrespective of the direction of movement relative to each other.
The third prediction comes from our second book, the temperature of the core of the earth (more
than 5,380 Kelvin) and the sun (more than 15,500,000 Kelvin) are mainly caused by energy
conservation and not just by nuclear fission or fusion.
These three predictions are contrary to current thinking. Quantum Relativity also explains the
distribution of galaxies within our universe, and explains why the Pioneer 10 & 11 decelerate (the
“Pioneer 10 & 11 anomaly”) with the speed of light times the Hubble constant (c.H).
The understanding you will gain with this book
The universe turns out to be closed, there is no such thing as a “straight line” within our
universe. Real space-time curves by gravitation within a hypothetical Noether frame. Our universal
space-time curves within a hypothetical four-dimensional reference frame. Time is in ratio with the
four-dimensional radius of the 3-sphere we live in, we live in a universal 3-sphere space-time. We
live surrounded by space, but on the edge of time.
Universal expansion is an expansion of S-MKC (second, meter, kilogram, and Coulomb) units, an
extension to the “comoving coordinates” of the unit meter expansion as introduced by Robertson
and Walker.

1
Noether, E. (1918). “Invariante Variationsprobleme”. Translated by Tavel, M. “Invariant Variation Problems”. Transport Theory
and Statistical Physics, 1971. 1(3) p. 186-207.
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This book III is all about the Robertson-Walker solution to Einstein’s theory of General Relativity
and its repair for Noether’s energy-momentum conservation. This book will also provide a
theoretical basis for the smallest quanta of space, time, momentum, and mass-energy.
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Quantum Relativity for Space-time defines the Euclidean reference frames for proper observers
of mass-particles up to the hypothetical four-dimensional reference frame of our universe, within
which universal space-time is four-dimensional, see figure 3:
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(c.dt,x,y,z) or (c.dt,r,θ,φ)

c3

Muniv = / G.H
Vuniv = 2c3 / π.H3
ρuniv = π.H2 / 2G

Curved space-time with
proper observer(s)

No dark energy
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0: Extended summary

The original Robertson-Walker (R&W) solution to a homogenous and isotropic universe was
enhanced by Friedmann and Lemaître and called the “FLRW” or “Lambda-CDM” model of the
universe. Lambda stands for dark energy (cosmological constant), CDM stands for cold dark matter.

The authors will also show that the distribution of galaxies within the universe is better described by
a 3-sphere model than by a model of Euclidean space. A 3-sphere is the three-dimensional surface of a
spatially four-dimensional hyper-sphere within a Euclidean reference frame or “Noether frame”
(a reference frame within which energy and momentum is conserved). A 3-sphere is hard to imagine
by humans, it is not a “normal” sphere or 2-sphere. Einstein described this shape as “finite but
without boundaries” in his book “my theory”. The authors have copied Einstein’s first cosmological
model, but with a twist, time is included see chapter 4.

The FLRW model concludes that 95% of the universal energy would be a combination of dark
energy and dark matter.
The authors show that a model based on “comoving coordinates”, energy-momentum conservation
according to Noether’s laws, and the principle of uniform measurements, leads to a beautiful model
without any “dark energy” and with a lot less “cold dark matter”. This model adheres to the “perfect
cosmological principle”.

The essential characteristic of a 3-sphere is a different three-dimensional volume: V = 2π2.R43, in
which “R4” is the four-dimensional radius, see Einstein’s “my theory”. The difference between a
Euclidean (“flat”) and a 3-sphere volume is its distribution of volume over distance, see figure 1.03:

Summary of Chapter 1: Is 95% of the universal mass-energy missing?
At first, the authors will argue that the current observations of galaxies does not support the
existence of “dark energy” and does not support a substantial amount of “cold dark matter”. The
observations indicate that, contrary to the FLRW model, there is no indication that 95% of the
universal mass-energy is missing as predicted by the FLRW model, see chapter 1 and figure 1.02:

Total mass of the universe:
1.38 x 1053 [kg]

–33%

Vol%

D% = z / (z + 1)

Number of galaxies (NASA):
125,000,000,000

Figure 1.03: Volume distribution versus distance for 3-sphere and for Euclidean space

=
+4%

Mass Milky Way without dark
energy or matter: 1.15 x 1042 [kg]

Figure 1.02: Mass of the Milky Way compared to average mass of a galaxy without dark energy and matter

In figure 1.02, the purple blocks are data from different sources (Friedmann’s limited Euclidean
universe, NASA’s galaxy count, and Wikipedia), the light green boxes are conclusions from the
authors. This figure shows that the mass of the Milky Way without dark energy and without dark
matter, is about 4% larger than the average galaxy.
The above numbers will change over time based on better measurements, but we have related the
mass of our Milky Way to the universal mass, without involving any dark energy or a substantial
amount of dark matter! There is no observational proof that 95% of energy is missing if we assume
our galaxy to be an about average galaxy. Hawley and Holcomb in their book “Foundations of
Modern Cosmology” chapter 10, confirm the about average mass of the Milky Way, supporting our
claim!

8

Euclidean

Maximum mass of the universe of
FLRW model: 9.20 x 1052 [kg]

/

Average mass of a galaxy:
1.11 x 1042 [kg]

3-sphere

In figure 1.03, “D%” is the relative distance to the Hubble distance c / H (“c” is the speed of light
and “H” is the Hubble constant), which equals z / (z + 1), in which “z” is the cosmic redshift, see
paragraph 1.03. The Hubble distance defines our observable limit in space.
Given that about the same number of galaxies is found in the same amount of volume (homogeneity
of the model), we can distinguish a 3-sphere shape from a Euclidean shape by the distribution of
galaxies over distance D%.
If and when we would observe an about quadratic relation of galaxies over distance, then we may
conclude that the universe is in essence Euclidean.
If and when we observe a peak in the galaxy count halfway the arc-distance of the universe
(z = 1, D% = 50%), then we may conclude that the 3-sphere is a better description of the shape of
the universe.
Let us now have a look what the Hubble Space Telescope has given us, interpreted by the University
of Amsterdam (UVA). This will clearly demonstrate a peak in the number of galaxies halfway at
redshift one, both in the actual count and in the formula of the number of galaxies as provided by
the UVA, see figure 1.04.
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The redshift “z” is shown on the x-axis, the galaxies were counted in increments of 0.2 redshift. The
y-axis determines the number “N” of galaxies per arc-min2 per redshift increment (of 0.2). Most
galaxies (around 75) are detected in the redshift band between 0.8 and 1.0.

Summary of Chapter 2: CMBR and comoving coordinates
The CMBR (Cosmic Microwave Background Radiation) comes from the SLS (Surface of Last
Scattering). The CMBR has all the characteristics of a black body of 2.725 degrees [K], see figure 2.01:
Cosmic Microwave Background Spectrum from COBE
400

Peak 4

COBE Data
Black Body Spectrum

350

N
Intensity [MJy/sr]

300

Peak 3

160.2 GHz

250
200
150
100

Peak 2
Peak 1
z

50
0

2

4

6

8

10

12

14

16

18

20

22

Frequency [1/cm]

Figure 1.04: Distribution of galaxies over the universe

The UVA formula (N = 386z2.e–2z), describing the number of galaxies based on these data, peaks at
a redshift of one. When having the choice between Euclidean space and a 3-sphere, the choice of a
3-sphere is obvious; the graph is far from quadratic, see also paragraph 1.04.
Conclusion: the spatial universe is better described by a 3-sphere than by Euclidean space. The
galaxy count excludes both a limited and an unlimited Euclidean universal space.
Unfortunately, the 3-sphere is hard to imagine by humans. This is very similar to quantum physics,
in which the uncertainty of momentum and location is not a measurement problem, but a fundamental
uncertainty. Physics is the art of creating reproducible formulas and predictions, while philosophy
deals with human interpretations. The authors are physicists, not philosophers.
A 3-sphere universal space is the logical outcome of galaxy distribution, and the logical outcome
of the demand of homogeneity (everywhere the same) and isotropy (the same in all directions), the
so-called “cosmological principle”, see paragraph 1.12.
In chapter 1 we conclude that:
1) there is no observational proof that 95% of the universal energy is missing, and
2) the 3-sphere is a better spatial model of our universe than Euclidean space.
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Figure 2.01: CMBR spectrum (courtesy of NASA)

The CMBR has no spectral lines of hydrogen, helium, or any other element. So how do we know to
what extend the radiation is redshifted? This is where the “comoving coordinates” as introduced by
Robertson and Walker help us out, see chapter 2.
Based on the assumption that the laws of physics and the constants of physics are the same in
comoving coordinates anywhere and at any time of the universe, the comoving coordinate of the
“misty” temperature of a hydrogen/helium mixture was, is, and will always be about 2,978 Kelvin.
Below that “misty” temperature, this gas mixture becomes translucent. The moment the universal
temperature dropped below 2,978 Kelvin the universe became translucent, that is why we can
observe the CMBR and know that the temperature of the SLS was about 2,978 Kelvin.
However, we measure a radiation temperature of 2.725 Kelvin according to Planck’s law. How can
we measure 2.725 degrees, while we know that the gas temperature was 2,978 degrees at the SLS?
We know from Einstein’s Special Relativity that the photons carrying the CMBR have not changed
(dt0 = 0). It must mean that the unit Kelvin at the SLS was a lot smaller than the unit Kelvin is now.
The “principle of uniform measurements” states that the product of the coordinate and unit of a
quantity must be the same to all observers (see book I and II): 2.725[Kcosm ] = 2,978[K]. In other
words, the cosmic unit Kelvin [Kcosm ] at the SLS was 2,978 / 2.725 = 1,093 times smaller than the
current unit [K]. The unit Kelvin must be expanding over cosmic time! Based on the definition of
redshift “z” (z + 1 = νs / νr , in which “νs” and “νr” are the color frequencies of the source resp. the
receiver), we can also state that the CMBR redshift equals 1,092, see chapter 2.
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The idea of an expanding unit Kelvin is very similar to the expansion of the universe as modelled by
Robertson and Walker. Robertson and Walker modelled the universe in “comoving coordinates”, in
an expanding unit meter, while the coordinates of galaxies remain the same in spite of the universal
expansion!

Summary of Chapter 3: Cosmic time and cosmic inflation
The smaller cosmic unit second of the past [scosm ] combined with the postulate that the laws of
physics are the same anywhere and at any time, means that the (hypothetical) cesium clock of the
past was ticking much quicker than our cesium clockstick right now, see chapter 3.

A brilliant idea this expansion of the unit meter over time, which the authors have extended to the
units second, kilogram, and Coulomb. Noether’s laws of energy-momentum conservation, require
the constants of nature to be invariant to time. For example, when the unit second expands along the
unit meter, the speed of light becomes invariant to time! In comoving coordinates, the units second,
meter, kilogram, and Coulomb (S-MKC) expand over time, while the coordinates of space-time,
mass-energy, and charge remain the same, see chapter 2. The units Joule and Kelvin increase equally
with the S-MKC units in comoving coordinates based on a E = m.c2 and a constant Boltzmann
constant “KB”.

In other words, a hypothetical cesium clock at the SLS was ticking 1,093 times as fast as the clocks
tick now! This means eternal cosmic inflation, defining the ratio of measured cosmic time difference
“dtcosm” relative to measured time difference “dt” now, as “cosmic inflation”:

Suddenly all the pieces of the puzzle come together in a clear picture: at the SLS, the basic S-MKC
units (and the derived units Joule and Kelvin) were 1,093 times as small as these are now. The
laws of physics and its constants remain the same in “comoving coordinates”, not just for space
coordinates, but also for time, mass-energy, charge, and temperature coordinates. In comoving
coordinates, we can prove Noether’s energy-momentum conservation of the universe!

The authors apply physics in comoving coordinates only, in order to ensure energy-momentum
conservation according to Noether’s conservation laws. The expansion of the S-MKC units is a
linear relation with time “t”, contrary to the FLRW model (see paragraph 2.07):

Adhering to Noether’s laws of energy-momentum conservation in comoving coordinates also
means that the constants of nature are constant over cosmic time. In other words, not just the misty
temperature of hydrogen/helium “Tmist” and the speed of light “c” are invariant to time in comoving
coordinates, but also the Newton constant “G”, the Hubble constant “H”, the proper Planck constant
“h0”, the fine structure constant “α”, and the Boltzmann constant “KB”.
To apply physics in the cosmic past, we must realize that the basic units expand (S-MKC), and that
we must correct our measurements for the increased basic units. This will lead to the repair of the
R&W solution, see figure 2.04:
Figure 2.04: Repaired Robertson-Walker solution

Hypothetical 4D Euclidean reference frame

Cosmic 3-sphere space-time
3D Observable and
Euclidean subsection
distance dscosm

R&W solution in constant units meter:
dscosm = a(t).ds3 [m]
in current units
R&W solution in comoving coordinates:
[mcosm ] comoving distance
dscosm = ds3
[mcosm ]= a(t).[m]
expanding unit meter

This is the R&W solution in its full glory, galaxies remaining at the same comoving coordinate
distances at zero peculiar motion (no speed relative to the CMBR), while the cosmic unit meter
[mcosm ] ranges from zero at the Big Bang when a(t) was zero, to our current unit meter [m] when a(t)
equals one, see chapter 2.
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dtcosm / dt

= 1/λ=z+1

[]

cosmic inflation

(3.04)

In this equation is “λ” the “cosmic-factor”, which equals H.t. The cosmic-factor “λ” has the same
relation with redshift “z” as the scale-factor a(t) of R&W has, but has a different relation with time.

λ = H.t

= 1 / (z + 1)

[]

cosmic-factor

(2.07.1)

Looking back in time, we may state that the cosmic inflation equals one right now, was twelve
at redshift eleven (for galaxy GN-z11), was 1,093 at the SLS and was infinite at the “Big Bang”,
eternal cosmic inflation. There is some incidental proof of eternal cosmic inflation; the NASA and
ESA both published on their web-sites the following statement in the article “Hubble finds hundreds
of young galaxies in the early Universe”:
“The findings also show that these dwarf galaxies were producing stars at a furious rate, about ten
times faster than is happening now in nearby galaxies”.
Knowing that the Hubble Space Telescope measured deep space of galaxies around redshift nine,
the eternal cosmic inflation is ten according to the authors, as observed by NASA/ESA!
This brings up the question: was the Big Bang infinitely long ago, or “just” about eleven billion
years ago? The answer is both; the Big Bang was eleven billion years ago in constant and current
units second, but the Big Bang was also infinitely long ago on a hypothetical cesium clock, the clock
that is representative for the progress of physics.
Since the cesium clock is representative of the progress of physics, physicists have no other choice
but accepting that the Big Bang was infinitely long ago in terms of real physics and real clocks!
You may also ask yourself, if you lived five billion years ago as measured in our units second, would
the Big Bang then be any closer? The beauty of comoving coordinates tells the story, the Hubble
constant is constant in comoving coordinates. In other words, any cosmic observer, at any time in
the past or future will regard the Big Bang as 1 / H cosmic seconds ago. The Big Bang is a time
horizon better described as the “Hubble Horizon”, similar to the unreachable horizon at sea.
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Summary of Chapter 4: Universal 3-sphere space-time

Summary of Chapter 5: Universal energy-momentum conservation

In this chapter we will merge the universal 3-sphere space with time into a 3-sphere space-time,
since time is proportional to the 4D radius “r4” of the 3-sphere (r4,ψ4,θ4,φ4 ). The universal expansion
means that the radius “r4” in the cosmic past was the cosmic-factor “λ” smaller (λ = H.t) in constant
and current units [m]:
(4.04)

Energy-momentum conservation according to Noether’s laws, is a key ingredient of our theory
“Quantum Relativity”. However, within an expanding universe with expanding units, some of our
constants of nature in current units depend on cosmic time (The Hubble constant “H” and Planck
constant “h” are a function of the cosmic-factor “λ”). Noether’s laws require the laws of nature and
its constants to be the same anywhere and at any time. So, how can we ensure universal energymomentum conservation?

In this equation is “r4” the cosmic 4D radius in current units meter [m]. We can thus identify any
space-time location within the 3-sphere as either (r4,ψ4,θ4,φ4) or as (c.t/π,ψ4,θ4,φ4). If a galaxy does
not have a speed of its own, the three angles remain the same, while only r4 (= c.t / π) expands in
current units. In other words, the cosmic 4D radius of our universe is in ratio with time! In comoving
coordinates, even r4 remains the same (r4 = R4 = c / π.H), while just the unit meter expands.

The obvious thing to do is to use comoving coordinates. This requires limiting a reference frame
both in space and time such that the laws of nature and its constants are invariant within the
reference frame, the “Noether frame”, see book II. We thus have to limit the universal reference
frame in time, while the universal space-time is already limited in space by the 3-sphere within the
4D Euclidean reference frame, see figure 5.01:

r4 = λ.R4 = λ.c / π.H = c.t / π

[m]

cosmic 4D radius

The notion of a spherical universe is as strange to most people as the round earth before Columbus
or the earth orbiting the sun before Galileo. However, the distribution of galaxies leaves us no
choice but accepting the spatial 3-sphere. Let us begin with painting the picture of a 3-sphere by
looking at a two-dimensional section of the universal 3-sphere, see figure 4.05:

Comoving orbit
R4

Δφ4

S3 = R4.Δφ4

Muniv = c3 / G.H
Vuniv = 2c3 / π.H3
ρuniv = π.H2 / 2G

Euclidean subsection
(c.dt,x,y,z) or (c.dt,r,θ,φ)
Curved space-time with
proper observer(s)

General Relativity
Solutions and
Special Relativity
2D curvature

No dark energy
ψ4 = ½π
θ4 = ½π

Figure 4.05: 2D section of 3-sphere in which “ψ4” and “θ4” are ½π

The five galaxies represent the real universal space, of which two galaxies are separated by an
arc-distance of “S3” and have no peculiar motion. The 4D polar coordinates of the two galaxies are
(R4,½π,½π,φ1 ) and (R4,½π,½π,φ2 ). In comoving coordinates, the radius “R4” the arc-distance “S3”,
and the angle “Δφ4” between these two galaxies remain the same over time (Δφ4 = φ1 – φ2 ). The
orbit of a photon (unhindered by local gravitation) has a comoving circumference of 2c / H, twice
the comoving Hubble arc-distance of c / H.
The hypothetical origin is the infinite past, also called the “Hubble Horizon”, see chapter 4.
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Quantum Relativity (for Space-time)
(r4,ψ4,θ4,φ4 ) or (c.t/π, ψ4,θ4 ,φ4 )

R4

Hypothetical
origin (0,0,0,0)
Comoving
circumference
of 2c / H

Universe

Space-time 3-sphere

3D curvature

Figure 5.01: universal space-time within 4D Euclidean Noether frame

The universal Noether frame is 4D Euclidean and limited in space by the 3-sphere and is also limited
in time. The time span “dt” must be such that the constants of nature are the same within the
measurement error of the constants of nature involved, indicated by a constant cosmic-factor “λ”.
Note that the General Relativity solutions are valid within Euclidean subsections of the universal
space-time only; General Relativity creates local solutions within local Euclidean reference frames.
Also note that in comoving coordinates, the total mass, volume, and its resulting density remains
constant over time. This universal density is more than twenty times as high as the Friedmann
critical density, wiping out the need for “dark energy” and most of the “cold dark matter”.
In chapter 5, we argue that there is no need to do away with energy and momentum conservation
within the universe, provided we use comoving coordinates. Limiting a reference frame in space
and time is the key.
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Summary of Chapter 6: Determining the Hubble constant

Summary of Chapter 7: Vital statistics of the universe

In this chapter, we are going to look at the “cosmic force”, the shearing force of gravitation and
how that has decelerated the Pioneer 10 & 11, the so-called “Pioneer 10 & 11 anomaly”. The
cosmic force leads to intrinsic and extrinsic curvature of the universal 3-sphere. The expansion of
the universe (in units) slows down at exactly the same comoving coordinate value “H” at any given
cosmic time “t”.

In this chapter, we summarize the major characteristics of the universe as a 3-sphere space-time in
comparison to the FLRW or Lambda-CDM model. Our model is based on comoving coordinates
and is valid for the mass dominated universe of a redshift “z” of less than 1,092, the redshift of the
SLS, measured as the CMBR. Our model differs from the Lambda-CDM model:

Orbits of far stars within large galaxies and the trajectory of galaxies are strongly influenced by
the cosmic force and the curvature of the universe. The authors will argue that there is no need to
explain these orbits and trajectories by the unproven “cold dark matter” in the FLRW model.
The authors reintroduce force as F = dp/dt into the repaired R&W solution. This results into a
deceleration (negative acceleration) of:
acosm = λ.a = –c.H.(1 – β2)

[mcosm.scosm–2]

cosmic acceleration

(6.01.3)

Note that photons do not decelerate (β = v / c = 1) in radial direction. This means that all mass
objects with the same speed decelerate with the same value within the universe at any given cosmic
time, including the present time. This is confirmed by the Pioneer 10&11 trajectories, a deceleration
at low speeds (β << 1) of about c.H [m.s–2].
The value of the Hubble constant “H” the authors use, is based on this measurement, a correct
local measurement of c.H according to the authors. The measured value of the Pioneer 10&11
deceleration came to 8.74 x 10–10 [m.s–2], although the error is quite large: ± 1.33 x 10–10 [m.s–2].
When dividing this number by “c”, we obtain the Hubble constant: H = 2.92 (44) x 10 [Hz],
the value the authors use. The current value as used in the FLRW model deviates less than twice the
standard deviation from the measured value the authors use.

1)
2)
3)
4)
5)

Deceleration of the universe vs acceleration (no cosmological constant or dark energy)
Curved space (3-sphere) vs Euclidean space (less dark matter and a 20x higher density),
Cosmic redshift caused by eternal cosmic inflation (time) vs the Hubble law (Doppler),
Cosmic S-MKC unit expansion vs the meter only expansion of the R&W solution,
Hubble constant of 2.92 x 10–18 [Hz] vs the Lambda-CDM value of 2.20 x 10–18 [Hz].

In chapter 8 we discuss the Hubble law. The picture of the universe as an inflating balloon is perfect,
it is the three-dimensional equivalent of a four-dimensional and inflating 3-sphere space-time!

3-sphere space-time now
z = 0, t = 1 / H [s2000 ]
x4

Invisible
Galaxy A

Visible
Galaxy A

κ1 = π.H / c
κ2 = π2.H2 / c2
κ3 = π3.H3 / c3

≈ 3.1 x 10–26
≈ 9.4 x 10–52
≈ 2.9 x 10–77

[mcosm–1]
[mcosm–2]
[mcosm–3]

osculating circle (= 1 / κ1 )
osculating surface (= 1 / κ2 )
osculating volume (= 1 / κ3 )

These curvatures have very little practical meaning, the overall Euclidean reference frame is
hypothetical. All physics play out within our universal 3-sphere space-time. However, we need this
model and curvature to compute arc-distances within the 3-sphere space-time, see chapter 4.
In this chapter 6 we explain the deceleration c.H of all low speed masses within the universe.
The three-dimensional curvature explains the geodesics within a comoving 3-sphere space-time,
including those of far stars in galaxies, which are currently explained by “cold dark matter”.

16

Forward Pole
(φ4 = 0)
½R4
r4 = c.t / π

–18

The extrinsic curvature (the curvature of the 3-sphere within a hypothetical four-dimensional and
Euclidean reference frame) is one, two-, and three-dimensional, see chapter 6:

Cosmic Forward Pole now

R4

Hubble Horizon

3-sphere space-time
z = 1, t = 1 / 2H [s2000 ]

y4
East Pole
(φ4 = ½π)
ψ4 = ½π
θ4 = ½π

Figure 7.08: Universal 3-sphere space-time as an inflating balloon

In figure 7.08, two two-dimensional sections of the 3-sphere space-time are shown in the year 2000
units meter and second for the coordinates “ψ4” and “θ4” of ½π. The dashed circle is the situation
now, the inner circle the situation at a redshift “z” of one, which is at time “t” of 1 / 2H. We can see
both the Cosmic Forward Pole and the Cosmic East Pole, see paragraph 7.04. The dashed circle
is the present day situation, of which we assume that both poles are still at the same location (no
peculiar speed).
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Summary of Chapter 8: Hubble law and “dark energy”

However, the authors offer another explanation for the cosmic redshift, eternal cosmic inflation, as
described in chapter 3, see figure 8.05:

In most cosmological models, including the FLRW model, the Hubble law is key, linking galaxy
speed directly to redshift, see box 8.01:
z = H.D / (c – H.D)
z ≈ H.D / c
z≈v/c
v = H.D

[]
[]
[]
[m.s–1]

distance ladder of redshift “z” vs. distance “D”
Hubble and Humason formula
redshift “z” at low speeds “v” (Doppler Effect)
Hubble law, combination of (8.01.2) and (8.01.3)

1010 + 1

(8.01.1)
(8.01.2)
(8.01.3)
(8.01.4)

Cosmic inflation era
?
Nucleosynthesis

Hubble law (v = H.D)
?

SLS

Now

Recombination

Astronomy

–8

SLS

1
Now

Recombination
Reionization
Astronomy
–log(z + 1) = log(H.t)
–12

–10

–8

–6

–4

–2

0

Figure 8.05: Eternal cosmic inflation of z + 1

The cosmic deflation according to the Hubble law/Doppler Effect is contrary to early observations
of the Hubble telescope of dwarf galaxies of a redshift around nine:
“The findings also show that these dwarf galaxies were producing stars at a furious rate, about ten
times faster than is happening now in nearby galaxies”.
When you are convinced that the Hubble law or the (relativistic) Doppler Effect is the cause of the
redshift, you would observe the opposite: these dwarf galaxies would appear to be producing stars
at a very slow rate, about ten times slower than is happening now in nearby galaxies.

a = dv/dt = H.v = H2.D

[m.s–2]

Hubble acceleration

(8.04.1)

In summary, at higher redshifts, the eternal cosmic inflation is the dominant contributor to the
cosmic redshift.

–log(z + 1)
–10

12

The Hubble law is also responsible for the “dark energy” in our universe, the first derivative of the
Hubble law predicts acceleration, see paragraph 8.04:

Reionization

–12

1,093

Nucleosynthesis

Formula (8.01.1) is the distance ladder within a 3-sphere as established in chapter 2. Note that
formula (8.01.2) is the relation between redshift and distance Hubble and Humason discovered in
1931, see appendix A. The authors fully support this formula, a good approximation of the cosmic
distance ladder as deduced from the 3-sphere model in paragraph 2.08. However, the term (c – H.D)
can no longer be ignored above a redshift “z” of about 0.1 for an error of about 10%.
The Hubble law was deduced by Hubble based on the assumption that the speed of galaxies “v” is
the main cause of cosmic redshift. As long as the speed “v” is far less than the speed of light “c”,
the relativistic Doppler Effect for a moving source can be approximated by formula (8.01.3). When
combining formula (8.01.2) with the non-relativistic Doppler Effect of formula (8.01.3), Hubble
obtained formula (8.01.4), the “Hubble law”. This leads to a strange combination in the FLRW
model, which is based on the Hubble law, of very early cosmic inflation (in the “cosmic inflation
era”), and later cosmic deflation according to the Hubble law/Doppler Effect, see figure 8.04:

Cosmic Inflation (z + 1)

–6

–4

–2

0

Figure 8.04: FLRW or Lambda-CDM model

Both the contradiction between cosmic inflation and cosmic deflation and the undefined transition
from cosmic inflation to cosmic deflation are peculiar properties of the FLRW model.
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Summary of Chapter 9: The early universe, the field of dreams

Summary of Chapter 10: Natural coordinates and the universe

In this chapter we look back further than the SLS, the field of dreams. The comoving coordinates
lead us to a consistent mass, volume, and density of the universe long ago. However, the temperature
increases, looking back in time, see chapter 9.

Natural coordinates are physical quantities without units. The units of physical quantities are
eliminated by the use of the constants of nature the speed of light “c”, the Newton constant “G”, the
Hubble constant “H”, and the electron constant “K” (K = e / 4π.ε0.me, see book I):

The increasing temperature and the constant total energy of the universe results in fewer and fewer
particles looking back in time. The unreachable time horizon has thus a constant density, but an
increasing temperature looking back in time, the ultimate temperature is thus based on a single
particle, the “Primordial Particle”. This hypothetical particle is the same as the universal horizon
the “Hubble Horizon”; a beautiful connection between the very large and the very small, see figure
9.10:

t
l
m
Q

Hubble Horizon
3-sphere

[kgcosm ]
[mcosm3]
[kgcosm.mcosm–3]
[Kcosm ]

Quantity

[kgcosm ] → 0
[mcosm ] → 0
[Kcosm ] → 0
No dark energy

T = H.G.KB.T / c5
E = H.G.E / c5

natural time “t”
natural length “l”
natural mass “m”
natural charge “Q”

(10.02.1)
(10.02.2)
(10.02.3)
(10.02.4)

natural temperature “T”
natural energy “E”

(10.02.5)
(10.02.6)

Natural time “t” has no units since time “t” is expressed in seconds in the SI system and the Hubble
constant “H” is expressed in Hertz. If we had chosen another measure of time, for example years,
then “H” would be expressed in one divided by years. However, the natural time “t” would end up
being exactly the same number, the natural value of time or natural time. The natural value of one
has significant meaning within the universal frame, see paragraph 10.04 and below:

Perfectly Homogenous and Isotropic
M = c3 / G.H
V = 2c3 / π.H3
ρ = π.H2 / 2G
T → c5 / 3KB.G.H

= H.t
= H.l / c
= H.G.m / c3
= H.K.Q / c3

3D curvature

Figure 9.10: Hubble Horizon as a single particle, the “Primordial Particle”

Note that this outcome is perfectly consistent with the comoving coordinates and with the principle
of uniform measurements. The missing link is the relation with the quantum theory, the subject of
the chapters 10 and 11.
Note that temperature does not mean much anymore for a single particle, temperature is defined as
the average momentum or kinetic energy of many particles. In other words, the above temperature
is a “horizon temperature”, just as elusive as the “Hubble Horizon”, and very speculative.

Natural

S-MKC

Units

Remarks

time
distance/length
mass
energy

1.0
1.0
1.0
1.0

1/H
c/H
c3 / G.H
c5 / G.H

[s]
[m]
[kg]
[J]

Hubble / maximum time
Hubble / maximum length
Hubble / maximum mass
Hubble / maximum energy

(10.04.1)
(10.04.2)
(10.04.3)
(10.04.4)

speed of light
power
force
extrinsic curvature

1.0
1.0
1.0
1.0

c
c5 / G
c4 / G
1.0

[m.s–1]
[W]
[N]
[]

maximum speed
maximum power
maximum force
maximum extrinsic curvature

(10.04.5)
(10.04.6)
(10.04.7)
(10.04.8)

The known and published Hubble time and Hubble length are supplemented by Hubble mass and
Hubble energy. We used formula (10.04.3) in chapter 1 to establish the total mass of the universe.
The Hubble mass and Hubble energy represent the comoving mass-energy of the universe.
Speed, power, force, and extrinsic curvature are limited to one in naturals, see “Upper limits” in
paragraph 10.07.
Natural coordinates are independent of the original units chosen and are thus the ideal candidates
to give more meaning to Einstein’s theory of General Relativity; the current equations are partially
in the unit [m], and partially natural, like the unit of power [ ], see chapter 10. Natural coordinates
enhance Einstein’s theory of General Relativity by unifying all coordinates and tensors!
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Summary of Chapter 11: Natural coordinates and quanta

Summary of Chapter 12: Past, present, and future

The authors will show that the Fredkin hypothesis, combined with the proven Heisenberg uncertainty
principle, and combined with “natural coordinates”, result in the smallest quanta. Based on the
highest uncertainly in position “Δx”, the Hubble distance of c / H, we get:

The “Hubble Horizon” is like a horizon at sea. Imagine you see a floating barrel at the horizon. You
estimate the distance to be 10 [km]. However, when you get to the barrel, the horizon is still 10 [km]
away. That is the Hubble Horizon in essence. If you could travel back in time to 1 / H seconds (about
eleven billion years), you would still see a history of 1 / H seconds. However, these seconds are the
much shorter cosmic seconds [scosm ]. The Hubble Horizon is 1 / H cosmic seconds away in the past,
present, and future, the essence of comoving coordinates.

Δx.Δp = (c / H).Δp ≥ ½ħ

[kg.m2.s-1]

Heisenberg’s uncertainty principle

Working this out for the uncertainty of the momentum “Δp”, we get:
[kg.m.s-1]

Δp ≥ ½H.ħ / c

smallest uncertainty in momentum

This value represents the minimal uncertainty of momentum and equals exactly the postulated quantum
of momentum. Based on the Fredkin hypothesis, the uncertainty is then equal to a multiple of quanta,
in other words:
pquantum = ½H.ħ / c

[kg.m.s-1]

quantum of momentum

(11.01.1)

The same can be done with energy, based on the highest uncertainty in time of 1 / H and the other
formula of uncertainty: ΔE.Δt ≥ ½ħ, plus our laws of physics (see chapter 11), we then get:
Quantum

Natural

time
length
mass
momentum
energy
angular mom.

½ħ
½ħ
½ħ
½ħ
½ħ
½ħ

Value
1.24 x 10–122
1.24 x 10–122
1.24 x 10–122
1.24 x 10–122
1.24 x 10–122
1.24 x 10–122

S-MKC

Value

Units

½G.H.ħ / c5
½G.H.ħ / c4
½H.ħ / c2
½H.ħ / c
½H.ħ
½ħ

4.24 x 10–105
1.27 x 10–96
1.71 x 10–69
5.14 x 10–61
1.54 x 10–52
5.27 x 10–35

[s]
[m]
[kg]
[kg.m.s-1]
[kg.m2.s-2]
[kg.m2.s-1]

(11.03.1)
(11.03.2)
(11.03.3)
(11.03.4)
(11.03.5)
(11.03.6)

The remarkable outcome is that, in two very separate ways, the same natural value of a quantum
of ½ħ is obtained:
1)

the Heisenberg uncertainty principle combined with the Fredkin hypothesis and the
characteristics of a 3-sphere space-time leads to a quantum of ½ħ of five quantities and,

2)

the quantum theory leads to a sixth measured quantum of spin of ½ħ [kg.m2.s-1] too!

Note that these six quanta all have the same natural value of ½ħ, which means that the universe in
comoving coordinates always exists out of the following number of quanta:
Nquanta = 2c5 / H2.G.ħ = 8.07 x 10121

quanta within the universe

(11.05.1)

Of these six quanta, only the angular momentum of ½ħ [kg.m2.s-1] is established experimentally,
namely the spin of an electron. The (twice reduced) “Planck values” get the meaning of the
transition point between quantum and macro mechanics, see paragraph 11.04.
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The Hubble Horizon is a space-time horizon, not a horizon in space. At any time, you can imagine
a round trip universe, a geodesic of the 3-sphere shape of the universe. Travelling very close to the
speed of light, you get back here in no time, having travelled 2c / H in comoving terms. Because of
your high speed, you have hardly aged. However, humanity is then many billions of years further
in time. The best way of getting the picture, is the double snit of the universe, as we will see in
chapter 7:

Cosmic Forward Pole now
3-sphere space-time
now, t = 1 / H [s]
Forward Pole

r4 = c.t / π
Hubble Horizon

3-sphere space-time
z = 1, t = 1 / 2H [s]

East Pole

Cosmic East Pole now

ψ4 = ½π
θ 4 = ½π

Figure 12.01: Universal 3-sphere space-time as an inflating balloon

The “Hubble Horizon” is a non-existing horizon back in time. This hypothetical horizon has the
same number of quanta over time, the number of formula (11.05.1). As we have seen in chapter 9,
the number of particles diminishes when looking back in time. This presents another way of looking
at the Hubble Horizon, the “Primordial Particle”; a particle that unites all the mass-energy and space
into a single homogenous and isotropic particle!
We know this is the “field of dreams”. Dreaming on, we could philosophy about time. Time seems
to have the same characteristics as entropy. Are time and entropy two sides of the same coin?
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1: Is 95% of the universe missing?

1: Is 95% of the universe missing?

In the Lambda-CDM model, 95% of the amount of mass-energy of the universe consists out of
unobservable “dark energy” (Lambda, 69%) and “cold dark matter” (CDM, baryons, 26%), see
https://en.wikipedia.org/wiki/Lambda-CDM_model. This amounts to an observable mass-energy
of about 5% of total mass-energy.

The authors come to the same order of magnitude of the universal mass in their model of a 3-sphere,
compare formula (1.01.4) to (1.02.2), differing about 20% from the average value of about
1.15 x 1053 [kg]. The Hubble constant “H” is disputed, the authors come to a higher value of
the Hubble constant (2.92 x 10–18 Hz) than the value used in the FLRW model (2.20 x 10–18 Hz),
see next paragraph. Using the value “H” of the FLRW model, we get to a universal mass of:

However, based on the total observed mass-energy and on the NASA galaxy count, our Milky Way
is a pretty average galaxy. In other words, the observations do not need to involve “dark energy” and
“cold dark matter” to get to the total observed mass-energy, see paragraph 1.02.
The authors will show that the 3-sphere is the best spatial model of our universal space based on
galaxy distribution and on its (critical) density, see the paragraphs 1.03 and 1.04. The authors will
show that there is no need to involve “dark energy” and “dark matter” in a 3-sphere model, the
(critical) density of a 3-sphere is about twenty times higher than Friedmann’s (critical) density.
1.01 The approximate mass of the universe
The Lambda-CDM model is based on Friedmann’s critical density, while the real density is
believed to be about equal to this critical density, see formula (1.01.2). The Lambda-CDM model
is also called the FLRW model after the names of the four main contributors: Friedmann, Lemaitre,
Robertson, and Walker.
In order to make the FLRW model viable, we need the maximum volume of different shapes of
the universal space. The maximum volume is the Euclidean volume, larger than the volume of a
3-sphere. The larger the volume is, the larger the total universal mass is (at the defined density), and
thus the more likely 95% of the mass is unobservable. That’s why the universe as Euclidean shape
is computed here for the FLRW model.
The mass of the universe as a Euclidean sphere (normal sphere) within a Euclidean reference frame
according to the FLRW model can be computed based on the volume of a sphere with radius c / H,
the “Hubble length” and the critical density of the Friedmann equations:
VFLRW = 4π.(c / H)3 / 3
ρFLRW = 3H2 / 8π.G
MFLRW = ½c3 / G.H

[m3]
[kg.m–3]
[kg]

Euclidean volume (FLRW)
Friedmann density (FLRW)
universal mass (FLRW)

(1.01.1)
(1.01.2)
(1.01.3)

In these equations is “VFLRW”, the volume in [m3] of a sphere with the “Hubble length” c / H as
radius, “ρFLRW” the critical density as computed by Friedmann in [kg.m–3], “MFLRW” the total mass
within the universe in [kg], “c” the speed of light in [m.s–1], “H” the Hubble constant in [Hz], and
“G” the Newton constant in [m3.kg–1.s–2].

MFLRW = 9.20 x 1052

[kg]

universal mass (FLRW)

(1.01.4)

This mass in kilograms can also be converted into energy by multiplying this value by the speed
of light squared: mass-energy. We will express universal mass-energy in kilograms. According to
the FLRW model, 69% of this amount of mass-energy is invisible “dark energy” and 26% of this
amount is “dark matter”. Left over is the observed “normal” mass-energy of 4.86% or:
Mobs

= 4.47 x 1051

[kg]

observed mass (FLRW)

(1.01.5)

We will first check this amount of mass against astronomical data of the Milky Way, followed by a
volume and density analysis of a Euclidean and a 3-sphere model of the universe.
1.02 Average mass of galaxies
There is another way of establishing the mass of the universe, simply by stating that the universe is
all there is. We then get into the arena of “natural coordinates”, the subject of chapter 10. By stating
that the universe is all there is, the universal mass is 100% = 1.0, which is in SI units:
Muniv = c3 / G.H

[kg]

universal mass at present

(1.02.1)

Muniv = 1.38 x 1053

[kg]

universal mass at present

(1.02.2)

This is the mass “Muniv” as measured by all the universal observers synchronously. In other words,
this is the total mass right now in our current units kilogram. In this computation, we have used the
value of “H” based on the Pioneer 10&11 anomaly (c.H = 8.74 x 10–10, H = 2.92 x 10–18), see chapter 6.
We will use formula (1.02.2), which has a similar outcome as formula (1.01.4), to compute the mass
of the average galaxy, based on 125 billion galaxies (NASA), see the paragraphs 1.05 and 1.06:
Mgal

≈ 1.11 x 1042

[kg]

mass of average galaxy

(1.02.3)

This means that the mass of the Milky Way without dark matter, is about 4% larger than the average
galaxy, see figure 1.02.
These numbers will change over time based on better observations, but we have related the mass of
our Milky Way to the universal mass, without involving any dark energy or dark matter!

Note that the FLRW model does not exclude non-Euclidean shapes, but measurements based on the
FLRW model keep indicating a Euclidean or near Euclidean shape of the universal space.
The computation of the mass of the universe is based on the assumption that the actual density
equals the critical density in the FLRW model, a view that is shared by most cosmologists. This
density equals about 8.6 x 10–27 [kg.m–3].
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In figure 1.02, the purple blocks are data from different sources (Friedmann’s limited Euclidean
universe, NASA’s galaxy count, and Wikipedia), the light green boxes are conclusions from the
authors.

The key to remember is that the universe as 3-sphere is 3D and “closed”, it is impossible to get
outside of it or to go in a straight line; going “straight” in any direction brings you back to the
starting point in space, but not in time. The shortest distance between two locations, the geodesic,
is part of a “grand circle” within a 4D reference frame. The 3-sphere is 3D in space, any location
can be identified by three coordinates within a Euclidean 4D reference frame with a constant 4D
radius “R4”.

Total mass of the universe:
1.38 x 1053 [kg]

–33%

Maximum mass of the universe of
FLRW model: 9.20 x 1052 [kg]

/
Number of galaxies (NASA):
125,000,000,000
=
Average mass of a galaxy:
1.11 x 1042 [kg]

+4%

Mass Milky Way without dark
energy or matter: 1.15 x 1042 [kg]

Figure 1.02: Mass of Milky Way compared to the average galaxy without dark energy and matter

Figure 1.02 demonstrates that the mass of the Milky Way without dark energy or matter, is an about
average mass of a galaxy (just 4% larger).
However, if you are of the opinion that formula (1.01.5) represents the observable mass of the
universe better than formula (1.02.2), then the Milky Way without dark energy or matter is much
larger than the average galaxy. To understand that, if the total observed mass of the universe without
dark energy or matter would be the number in formula (1.01.5), then than the mass of the Milky
Way without dark energy or matter would be about twenty times larger than the average mass of a
galaxy. Is that reasonable? We certainly do not think so. The authors do not believe that 95% of the
universal mass-energy is missing.
At this point, the mass of the universe is established to the right order of magnitude in current units.
The next thing to do is to establish the volume of a 3-sphere, such that we can establish the shape
and density of the universe in our model. We can then compare the distribution of galaxies with
the FLRW model of a Euclidean space and compare the (critical) density with the FLRW model as
determined by Friedmann.
1.03 Volume and density of a 3-sphere
The authors will demonstrate that the 3-sphere is a better model of our universe than a Euclidean
or hyperbolic shaped universe. A 3-sphere is a mathematical description of the three-dimensional
(3D) “surface” in [m3] of a sphere within a four-dimensional reference frame. There is no good
way of picturing or imagining such a shape. We define dimension “D” as “degree of freedom”, or
the number of variables needed to define a location. The surface of the earth is 2D, its volume 3D.

To imagine the characteristics of a 3-sphere, the best thing we can do is going one dimension lower.
The 2-sphere is the 2D surface of a normal sphere and is expressed in [m2]. The 2-sphere has no
midpoint and no edge, while all locations are equal. There is no city on the surface of the earth
that can call itself the midpoint of the earth based on its location. Similarly, all locations within a
3-sphere are equal and equal in all directions (homogenous and isotropic).
The 3D volume of the universal 3-sphere, as firstly established by Einstein in his book “my theory”,
is unlike the content of a normal sphere (V = 4π.R3 / 3):
Vuniv = 2π2.R43

[m3]

volume 3-sphere

(1.03.1)

In this equation is “Vuniv” the three-dimensional volume of the universe as the 3D “surface” of a
4D sphere in mathematics. It is the volume of all locations of the universe right now, not the
observed volume. The radius “R4” is the mathematical radius in current units [m]. This radius is
both immeasurable and unimaginable. Nature is defined within a 3D volume, there is no real “R4”
in space.
However, we will show that “R4” can be seen as cosmic time, which is real and measurable! We
will also show that the distribution of galaxies indicates a spatial 3-sphere rather than a Euclidean
space. To establish “R4”, we are going to look at the largest distance within the three-dimensional
space, the largest arc-distance of a 3-sphere equals π.R4. With the assumption of the largest arcdistance in 3D of c / H, the “Hubble arc-distance”, we obtain “R4”:
R4 = c / π.H

[m]

4D radius of universal 3-sphere

(1.03.2)

The Hubble arc-distance of c / H is thus the “other side” of the closed universal model as a spatial
3-sphere. The radius “R4” allows us to compute the volume of our universe as spatial 3-sphere:
Vuniv = 2π2.(c / π.H)3
Vuniv = 2c3 / π.H3

[m3]
[m3]

universal volume as 3-sphere
universal volume as 3-sphere

(1.03.3)

Based on the mass of the universe “Muniv” (= c3 / G.H) and the volume of the universe “Vuniv”, we
can establish the (critical) density of the universal sphere:
ρuniv = π.H2 / 2G

[kg.m–3]

universal density (3-sphere)

(1.03.4)

Based on our best estimate of the value of the Hubble constant “H” of 2.92 x 10–18 [Hz], we get:
ρuniv = 2.0 x 10–25

[kg.m–3]

universal density (3-sphere)

This density will also turn out to be the critical density, as we will see in chapter 7.
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Note that this density is about twenty times higher than Friedmann’s critical density caused by a
different formula and a different value of “H”. The twenty times higher density wipes out the “dark
energy” and most of the “cold dark matter” of the Lambda-CDM model. This could of course rest
on coincidence, it is no proof of either a 3-sphere model or of the non-existence of “dark energy”
or “dark matter”.

The total has to be 1.0 or 100%, creating a constant “k” of 0.0295:

Finally, in order to understand the galaxy distribution over redshift, we need to establish the volume
percentage of a 3-sphere as a function of distance and the distance ladder as a function of redshift.
The arc-distance “s3” of a 3-sphere over redshift “z” is given by (see chapter 2):
s3

= {z / (z + 1)}.c / H

[m]

arc-distance ladder

(1.03.5)

Let us define the distance “D%” as z / (z + 1); this indicates the percentage of the largest distance,
the Hubble arc-distance. If “D%” is 0.5 or 50%, we are halfway the Hubble arc-distance of “c / H”.
This is based on a redshift of zero on earth and a redshift of infinity at the Big Bang, see chapter 2.
We can thus establish the volume percentage of a 3-sphere as a function of redshift “z” by:
Vol% = 2sin2(π.z / (z + 1))

[%]

3-sphere volume percentile

(1.03.6)

We can now compare the volume percentage of a 3-sphere with the distribution of galaxies, based
on a homogenous and isotropic universe for either a Euclidean or for a 3-sphere shaped universe,
see figure 1.03, in which the total volume distribution of 100% is shown for both shapes:

3-sphere

Euclidean

Vol% = 0.0295{z / (z + 1)}2

[%]

Euclidean volume percentage

(1.03.7)

Within a 3-sphere the distance is an arc-distance “s3”, but within Euclidean space a “normal”
(“straight”) distance “D%”; for both distances the formula is the same: z / (z + 1) as a percentage of
c / H. Note that most of the volume would be found at high redshifts if the universal space would
be Euclidean.
Conclusion: If the universal space is modelled as a Euclidean sphere, the volume increases mostly
at the largest distance (an increase of nearly 3% at the largest percentile). However, if the universe
is modelled as a 3-sphere, the largest percentile of volume is found halfway the largest distance (an
increase of 2% at 50% of distance).
1.04 Galaxy distribution
The galaxy distribution within the universe lights up the shape of the universe. In a perfectly
homogenous and isotropic space of about equally massive galaxies, every galaxy has the same
amount of space around it. Of course, the actual universe is neither homogenous nor isotropic at
any location.
On top of that, you may expect much smaller galaxies far away and longer ago. That’s why the
addition “about equally massive galaxies” was included. We are not looking for a perfect model
of the universe. What we are looking for, is whether or not a 3-sphere is a better description of the
distribution of galaxies than a Euclidean space is.
Within a Euclidean universal space, you expect to see more and more galaxies, the further you look
(the larger the relative distance D% gets).
Within a 3-sphere, the number of galaxies peaks at a redshift “z” of one (halfway the arc-distance
to the Hubble arc-length) and goes down to zero at the “other side” at redshift infinity and thus at
relative distance D% of 100%.

Vol%

D% = z / (z + 1)

Let us now have a look what the Hubble Space Telescope has given us, interpreted by the University
of Amsterdam (UVA).

Figure 1.03: Euclidean and 3-sphere volume percentage

The volume percentage of Euclidean space increases by the distance squared, being the increase of
surface (k.D%2) times the increase in distance “ΔD%” of 1% or 0.01 (D% = z / (z + 1)).
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Two galaxy distributions are provided by the University of Amsterdam (UVA), an actual count and
a formula, see figure 1.04:

1.05 Number of galaxies within the universe

Peak 4

Ntot

≈ 560 x 3602 x 602 / 109 ≈ 260

[billion]

galaxies observed

This number is about twice as high as published by NASA (125 billion) in 2002. This number
might further increase when even better measuring methods become available. This number might
decrease because of merging galaxies.

N

Note that the number of galaxies is not a point in time, but a slice through space-time (observed
universe). The authors will assume that a majority of galaxies have merged over time, reducing
the galaxy count. We must not make the mistake to count very early galaxies and include these in
the total galaxy count. These observed small galaxies do no longer exist, these have merged into
galaxies of the size in the order of magnitude of the Milky Way and Andromeda.

Peak 3

In other words, the authors support the estimate of NASA of 125 billion galaxies within the universe
right now.

Peak 2
Peak 1
z
Figure 1.04: Distribution of galaxies over the universe

The count and formula came from the Hubble Space Telescope observations as provided by the
UVA. The redshift “z” is shown on the x-axis, the count of galaxies was done in increments of 0.2
redshift; the y-axis determines the number “N” of galaxies per arc-min2 per redshift increment of
0.2. Most galaxies (around 75) are detected in the redshift band between 0.8 and 1.0, see figure 1.04.
The UVA formula (N = 386z2.e–2z) describing this number of galaxies based on these data, peaks at
a redshift of one. When having the choice between Euclidean space and a 3-sphere, the choice of a
3-sphere is obvious; the graph is far from quadratic; the graph looks more like peaking at redshift
one.
Conclusion: the spatial universe is better described by a 3-sphere than by Euclidean space. The
galaxy count excludes a Euclidean universal space.
Note that the galaxies at a higher redshift (z >> 1) are more likely to be small galaxies, further
away is longer ago. Assuming galaxies start small and merge over time, the lower numbers above
a redshift of one, further support a 3-sphere shape. A Euclidean shape would show an exponential
increase in galaxy numbers at higher redshifts. The three troughs between the four peaks in numbers
could indicate massive merger of galaxies, see figure 1.04.
Before we look into the specifics of a complicated 3-sphere in paragraph 1.07, let us establish the
average mass of a galaxy based on figure 1.04.

30

Figure 1.04 shows a total of about 560 galaxies per arc-min2. When extrapolating this number to the
total number of galaxies “Ntot” within our universe, we get:

Ntot

= 125

[billion]

galaxy count now (NASA)

(1.05)

Rough as this number is, it is the best number we have. This number was used to establish the
average mass of a galaxy right now, see figure 1.02.
1.06 Mass of the Milky Way
The mass of the Milky Way is estimated to be between 580 to 850 billion sun masses (Wikipedia
March 2016). The lower number of 580 billion does not take “dark matter” into consideration. The
authors have another explanation for the orbits and speeds of stars at the edge of the Milky Way
without dark matter, see chapter 6. A “Bayesian Mass Estimates of the Milky Way” of October 2016
came to a 95% confidence band of 400 to 580 billion sun masses. The authors have used the estimate
of Wikipedia of 580 billion of sun masses as the total mass-energy of the Milky Way without dark
matter:
MMW = 580 x 109 [Msun ] = 1.15 x 1042 [kg]

mass of Milky Way

(1.06)

This mass was used to compare the mass of the Milky Way with the mass of the average galaxy in
paragraph 1.02. According to the NASA number of galaxies, the Milky Way is an average galaxy
mass-wise (without dark matter); it has only 4% more mass-energy than the average galaxy.
If you would take dark energy and dark matter into consideration as the FLRW model does, the
Milky Way would have an amount of mass-energy far in excess (twenty times) of the average
galaxy.
In other words, the current estimate of galaxy count and mass-energy within the Milky Way
contradicts the FLRW model and supports the 3-sphere model of the universe.

31

1: Is 95% of the universe missing?

1: Is 95% of the universe missing?

1.07 Galaxy distribution and the volume of a 3-sphere

1.08 Actual galaxy distribution and the volume of a 3-sphere

To illustrate the 3-sphere of the universe, let us fist put the UVA formula “N” next to the volume
percentage “Vol” of formula (1.03.6) next to each other, see figure 1.07:

Let us also put the volume next to the actual count in increments of 0.2 redshift, see figure 1.08:

N

Vol%

Number of galaxies “N”
N

z=1

Vol%
Vol%

D%
% = z / ((z + 1))

z

N

Figure 1.07: Volume% of 3-sphere “Vol%” and number of galaxies “N” as function of z / z + 1
Figure 1.08: Volume of 3-sphere “Vol” and number of galaxies “N” as function of redshift “z”

On the x-axis, the distance to the Big Bang of c / H is given as a percentage of that distance. In other
words, 0% is our galaxy, while 100% is the Big Bang. On the y-axis on the left you find the number
of galaxies per band of 0.2 redshift, and on the right you find the volume percentile of the universe
as spatial 3-sphere.

On the x-axis you find the redshift in bands of 0.2, just like in figure 1.04 of the UVA. On the y-axis
on the left hand side you find the number of galaxies per square arc-minute per redshift band, while
on the right hand side you find the volume percentile of a 3-sphere again.

Both graphs peak at a redshift of one, which is the maximum volume percentile of a 3-sphere. Note
the near perfect resemblance of both graphs until about 65% of the distance c / H to the Big Bang.

Note that both figure 1.07 and figure 1.08 describe the distribution well until a redshift of about two
(z / z + 1 = 65%). This could indicate the presence of dust and clouds of yet unborn galaxies or
undiscovered small galaxies at higher redshifts.

Based on the peak at redshift one and the great resemblance of the volume with the UVA graph, it is
very reasonable to regard the spatial universe as a 3-sphere.
The FLRW model will have to put a lot of dust, dark matter, and dark energy in the high redshift
regions (z > 1) in order to explain the diminishing number of galaxies above a redshift of one. Note
that the peak at z = 1 is explained without dark matter and without dark energy in the 3-sphere
model.

Also note that the actual count peaks at (0.8 to 1.0), (2.0 to 2.2), (3.2 to 3.4), and (4.0 to 4.2), see
also figure 1.04. This could indicate massive mergers of galaxies in between peaks. This is very
speculative and needs to be confirmed by more observations.
The next thing to do is to summarize the three options of universal shape:
1) unlimited Euclidean shape,
2) limited Euclidean shape,
3) closed 3-sphere shape.
The authors will argue that the closed 3-sphere shape of the universe is much better than both
Euclidean options.
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1.09 Unlimited Euclidean shape of the universe

1.10 Limited Euclidean shape of the universe
The limited Euclidean model of the universe is shown in figure 1.10:

The three mathematical shapes that could describe the universe are the unlimited Euclidean space,
the limited Euclidean space, and the closed 3-sphere. The unlimited Euclidean model is shown in
figure 1.09:

Euclidean and unlimited universe
Homogenous and Isotropic
No critical density
Observational expansion

Observational limit
No edge

Euclidean and limited universe
MFLRW = ½c3 / G.H [kg]
VFLRW = 4π.c3 / 3H3 [m3]
ρFLRW = 3H2 / 8π.G [kg.m–3]

Edge

Earth
Euclidean
Universal space

Euclidean
Universal space

No midpoint

Midpoint
No curvature

Two-dimensional curvature:
κ2 = 0 [m–2]

Infinite Euclidean reference frame
Figure 1.09: Euclidean and unlimited universe

Figure 1.10: Euclidean and limited universe

The unlimited Euclidean shape is only partially observable. That is because we cannot observe
beyond the “Surface of Last Scattering” (SLS). The SLS limits the observation part by z / (z + 1), or
99.9% of distance. The observational limit expands with the speed of light.

The limited Euclidean shape is also only partially observable, but comes close to total observation
(99.9% of distance). The total mass-energy of the universe is limited in this model. The CMBR
comes from all sides, looking at the SLS of the universe of an ever increasing (observational) sphere
around us.

This model is homogenous (everywhere the same) and isotropic (the same in all directions). The
total mass-energy of the universe beyond the observational limit is infinite, we just observe a small
part of it. There is no critical density in this model. The Cosmic Microwave Background Radiation
(CMBR) comes from all sides, looking at the SLS of the universe of an ever increasing sphere
around us.
However, this model has two major drawbacks. Firstly, the distribution of galaxies above a redshift
“z” of one is out of line with the observations of figure 1.04, see figure 1.03. Secondly, all existing
models (including the FLRW model) consider the universal space as limited and thus having a
critical density deciding the fate of the universe.
Let us have a look into the limited Euclidean shape now, a shape that is inherently assumed by the
FLRW model by its critical density combined with its absence of curvature (Euclidean).

The Friedmann equations come to a (critical) density of 3H2 / 8π.G [kg.m–3], and thus to a total
mass-energy of ½c3 / G.H [kg]; based on a volume of 4π.c3 / 3H3 [m3]. The total mass-energy is in
line with observations, but the density is not. The two-dimensional curvature of the FLRW model
should be extended to three-dimensional curvature to allow a closed universe as option.
This model has three major drawbacks:
1) this model is not homogenous (everywhere the same) and not isotropic (the same in all
directions); the model must have an edge and midpoint (earth?),
2) the distribution of galaxies above a redshift “z” of one is out of line with the observation of
figure 1.04, see figure 1.03,
3) one needs to involve “dark energy” and “dark matter” to make the Friedmann critical
density work.
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1.11 Closed 3-sphere shape of the universe
The closed and limited 3-sphere model of the universe is shown in figure 1.11:

1.12 summary
The shape of the universe examined are: Euclidean and limited, Euclidean and unlimited, and a
closed 3-sphere, see figure 1.12:

Universe

Space-time 3-sphere
Quantum Relativity (for Space-time)
(r4,ψ4,θ4,φ4 ) or (c.t/π, ψ4,θ4 ,φ4 )
Muniv = c3 / G.H
Vuniv = 2c3 / π.H3
ρuniv = π.H2 / 2G

Euclidean subsection
(c.dt,x,y,z) or (c.dt,r,θ,φ)
Curved space-time with
proper observer(s)

General Relativity
Solutions and
Special Relativity
2D curvature

No dark energy

3D curvature
Figure 1.11: curved and limited universal model

The closed 3-sphere shape is also partially observable, but comes close to total observation too
(99.9% of distance and even a higher percentage in volume). The total mass-energy of the universe
is limited in this model. This model is homogenous and isotropic. The CMBR comes from all sides,
looking at the SLS of the universe of a sphere at nearly the other side of the 3-sphere in the distant
past. The distribution of galaxies of figure 1.04 favors the 3-sphere, see figure 1.07.
The universal mass comes to c3 / G.H [kg], see chapter 5. The density equals π.H2 / 2G [kg.m–3],
about twenty times as much as the Friedmann formula. The value of the Hubble constant “H” is
uncertain, the density difference with Friedmann’s density ranges from 17 to 23.
Considering the distribution of galaxies, considering the cosmological principle of homogeneity
and isotropy, and considering the about twenty times larger density, the 3-sphere is the best fit of
any of these three models, wiping out the need for dark energy and most of the dark matter. We will
also see that the rightly interpreted time difference “dt” of the R&W solution describes a Euclidean
sub-section of the universe, see figure 1.11. This is a reminder of the locality of Einstein’s theory of
General Relativity.
However, this model is hard to comprehend, there is no such thing as a “straight line”, just
“geodesics” (curved lines within a four-dimensional Euclidean reference frame). The idea of a
closed and “round” universe goes against intuition. We will have to accept that a real trajectory
of a photon within the universe is curved in an incomprehensible way. Straight lines are just an
approximation of a small sections of very large 4D circular geodesics.
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What is the shape of the universe?
Is it

Is it

Is it

Euclidean and
limited in space

Euclidean and
unlimited in space

A 3-sphere and
limited in space

If so

If so

If so

Critical density
Not homogenous
Not isotropic

No critical density
Homogenous
Isotropic

Critical density
Homogenous
Isotropic

If so

If so

If so

Galaxy
distribution is:
Quadratic to D%

Galaxy
distribution is:
Quadratic to D%

Galaxy
distribution is:
11
Sinusoidal to D%

Figure 1.12: Potential shapes of the universal space

In this figure is “D%” the distance to earth or z / (z + 1). The cosmological principle (homogenous
and isotropic universal space) excludes the “Euclidean and limited in space” option. The galaxy
distribution excludes both Euclidean options (limited and unlimited). The only shape of the universe
which abides by the cosmological principle and explains the galaxy distribution (until a redshift “z”
of about two) is the universe as a spatial 3-sphere.
The critical and actual density of a universal 3-sphere is much larger (about twenty times) than the
critical density as computed by Friedmann. This higher density of the 3-sphere does not require any
“dark energy” or “cold dark matter” to make the model work.
The universe as 3-sphere leads to an equal or somewhat larger mass of the Milky Way compared to
the average galaxy (4% larger). In contrast, in the FLRW model our Milky Way would be exceptionally
large, about twenty times larger than the average galaxy.
Conclusion: The authors are convinced that the 3-sphere model of the universe is viable; in the next
chapters we will go into the details of such a model and see how the original R&W solution can be
repaired and used as a Euclidean sub-section of the universal 3-sphere space-time model.
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The frequency spectrum of the Cosmic Microwave Background Radiation (CMBR) confirms the
lower S-MKC units (second, meter, kilogram, and Coulomb) at the time of the Surface of Last
Scattering (SLS). This will confirm the “cosmic-factor”, comparable to the scale-factor a(t) of the
FLRW solution, observationally. Generalization of the cosmic-factor will lead to a new point of
view of time in the cosmic past in chapter 3.

The color frequency is the frequency of a photon, it is a measure of photon energy. The intensity
frequency of light is the number of photons per second. The product of color and intensity frequencies
per small color frequency band provides the intensity as displayed in figure 2.01 on the y-axis.
To get to the color frequency you need to multiply by the speed of light (c = 299,792,458) and by
100 because of the use of the “cm” instead of the SI unit [m].

2.01 CMBR as perfect fit to Planck’s law
The CMBR comes from the SLS, shortly after the Big Bang. Before the SLS, the hydrogen ions
and electrons prevented the photons to travel “straight”. We can demonstrate that by heating up
hydrogen to about 2,978 degrees Kelvin, we the see the hydrogen become “misty” at and above
that temperature. At the SLS, the universe became translucent, the universe must have cooled off to
about 2,978 degrees Kelvin.
Planck’s law describes the spectrum of color frequencies broadcasted by a black body of about
2,978 [K] accurately. So we know what frequency spectrum was broadcasted then. However, we
receive a different frequency spectrum on earth (mainly in the microwave band), a spectrum that is
also generated by a black body of 2.725 degrees Kelvin on earth, see the green line in figure 2.01:
Cosmic Microwave Background Spectrum from COBE
400
COBE Data
Black Body Spectrum

350

Intensity [MJy/sr]

300

160.2 GHz

200

z + 1 = 2,978 / 2.725 = 1,093
z + 1 = 175.1 / 0.1602 = 1,093
z		
= 1,092

[]
[]
[]

temperature based (Kelvin)
frequency based (TeraHz)
CMBR redshift

(2.01)

Robertson and Walker introduced “comoving coordinates” of the universe: distances between
galaxies without peculiar motion remaining the same in coordinates, while the universe expands in
the unit meter. This allows the laws of geometry to be applied in comoving coordinates.
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Figure 2.01: CMBR spectrum (courtesy of NASA)

Note that all spectra of black bodies have the same shape (same formula), the peak at 160.2 GigaHz
is specific to a temperature of 2.725 [K], At a temperature of 2,978 [K], the peak of the graph is
reached at 175.1 TeraHz; all color frequencies of the spectrum are a factor 1,093 larger. In figure
2.01, you see the intensity of the color frequency spectrum as measured by the COBE (Cosmic
Background Explorer) satellite (in red) and as computed based on Planck’s law of a black body of
2.725 [K] on earth (in green). On the x-axis, the color frequency of photons is given, but divided
by the speed of light.
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The peak in received power (Watt per square meter per steradian) on the y-axis is found at 160.2
GigaHz, well within the microwave band, indicating a black body temperature of 2.725 [K]. We can
now compute the cosmic redshift “z” of the CMBR in two ways, using the frequencies and using
the temperatures:

As we have seen in book II, photons do not lose energy. Energy-momentum conservation is the key
to our theory. The amount of energy of the photons broadcasted at the SLS was redshift plus one
(1,093) higher than is received here on earth in coordinates. According to the principle of uniform
measurements (the product of coordinate and unit is measured the same by all observers), this can
only mean one thing: the current units Joule [J] and Kelvin [K] are 1,093 times larger than the
cosmic units Joule [Jcosm ] and Kelvin [Kcosm ] were at the SLS.

250

0

Note that the SLS was not a “black body”, but a nearly perfect ideal gas. However, looking at figure
2.01, it has all the radiation characteristics of a black body in its power distribution over the color
frequencies. However, it would mean that the total power radiated from the SLS as black body
according to the law of Stefan-Boltzmann would be 4.5 [MW] per square meter. Question is, which
square meters are being referred to? The SLS is not a normal surface like the surface of a star. Let
us get back to this issue when it becomes important, see chapter 7.

We must conclude from the above that not only the unit meter expands over time as Robertson and
Walker first suggested, but that the unit Joule expands along with the unit meter within the basic
system of units (in which the units Joule and kilogram are both mass-energy)! Both the cosmic unit
Joule and the cosmic unit meter at the SLS were 1,093 times as small as these units are now.
Based on the constancy of the speed of light “c”, the Newton constant “G”, and the electron constant
“K” (K = ke.e / me, see book I and II) in order to ensure energy-momentum conservation according
to Noether’s laws, all four basic units of the S-MKC system (second, meter, kilogram, and
Coulomb) expand equally over time.
Howard Robertson and Arthur Walker would be very pleased to see their idea of comoving coordinates
being the foundation of a modern cosmological model, which is also based on Noether’s laws of
energy-momentum conservation.
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2.02 FLRW Solution analyzed

than the space term “ds2” or “a(t)2.ds32” for moving mass-particles, resulting in a square root of a
positive number to get the measured proper time difference “dt0” in formula (2.02.3) instead of an
imaginary outcome.

The scale-factor a(t) of R&W is a perfect tool to scale the comoving S-MKC units to reflect the unit
meter of the cosmic past relative to the unit meter at present. To understand that, we need to get
back to the original FLRW solution and repair this solution for the other units (second, kilogram,
and Coulomb). The FLRW metric, which is the basis of the Lambda-CDM model, is described by
the Friedmann equations, see https://en.wikipedia.org/wiki/Friedmann_equations:
ds2 = c2.dt02 = a(t)2.ds32 – c2.dt2

[m02]

FLRW metric

(2.02.1)

In this equation is “c” the speed of light, “dt0” the proper time difference, “ds” the product of “c”
and “dt0”, “dt” the time difference, a(t) the scale-factor, and “ds3” the distance difference in reduced
circumference polar coordinates, see next paragraph. The scale-factor a(t) equals zero at the Big
Bang and equals one at present.
Note that in the tradition of relativity, no units are defined, no unambiguous definitions of the
variables are given, no reference frames are clearly defined, no method of measuring these variables
is given, and no observer is assigned to do the measuring. Think of Einstein’s “measuring stick
contraction” (length contraction or unit meter contraction?) and Schwarzschild’s “measured from
outside radius” (circumference divided by 2π, but in which units and measured by which observer?).
In other words, there is a lot of ambiguity in the relation between the mathematics of relativity and
measurement physics. Let us deal with these issues of the FLRW solution one by one, to begin with
the signs of space and time. In the formula that lies at the heart of the theory of General Relativity,
the local Minkowski formula, space and time are reversed in signs:
c2.dt02 = c2.dt2 – ds2

[m02]

local Minkowski formula

(2.02.2)

The next thing to do, is to interpret the variables, assign units to the variables, and place the variables
within a reference frame that can be measured. This is not that easy, which reference frames are we
talking about, what are the units, and what are the unambiguous meanings of the variables? Let us
define a reference frame in the cosmic past as a “cosmic frame”. This cosmic frame is limited in size
and time in order to ensure energy-momentum conservation, see chapter 5.
Since the scale-factor scales our universe, it is obvious that “ds3” of formula (2.02.1) and (2.02.3) is
a distance within our current universal reference frame. It is also obvious that the result “dt0” must
be the measurable proper time difference within the cosmic frame, that is what we are looking for
as outcome. To prevent confusion, a distance within the cosmic frame is subscripted by “cosm”:
“dscosm” as variable depending on a(t). In the same way, a proper time difference within the cosmic
frame is symbolized by “dt0-cosm” and a proper time within the universal frame is symbolized by
“dt0”. We use the italic print for variables that depend on speed, gravitation, or cosmic influences.
We thus get the following clarified equation for the outcome:
c2.dt0-cosm2 = c2.dt2 – a(t)2.ds32

[m02]

FLRW metric (clarified outcome)

(2.02.4)

This leaves the question as to the meaning and observers of variable “dt”. Is this time difference
defined within the universal frame or within the cosmic frame? To answer that question, let us first
assume “ds3” equals zero (proper observer standing still). Equation (2.02.4) then leads to the proper
time difference in the cosmic frame “dt0-cosm” being equal to the universal time difference “dt”.

In this formula is “ds” the spatial distance (ds2 = dx2 + dy2 + dz2) travelled by a proper observer
within a Euclidean reference frame. Note that the italic “ds” of formula (2.02.1) is equal to c.dt0 and
will no longer be used here to prevent confusion with spatial “ds”. The proper observer travels with
speed “v” (ds = v.dt) within the reference frame. When substituting ds = v.dt we get the familiar time
dilation of Einstein’s Special Relativity: dt0 = dt / γ. The proper observer measures the boost-factor
“γ” less time difference on its clock between two events than the observers that are standing still
within the reference frame, measure on their clocks between the same two events.

This would be very strange, suppose this proper observer with clock travels high-speed within
the cosmic frame at the SLS, would the proper clock then tick synchronously with the universal
clock? And what about the “inflation era”, in which time went so much faster, is the FLRW solution
excluding the inflation era? We must come to the conclusion that “dt” cannot be a time difference
within the universal frame.

When a(t) of formula (2.02.1) equals one, the local Minkowski formula of (2.02.2) should reappear.
The authors do not support sign reversal in General Relativity solutions, consistent with the original
solutions of Schwarzschild and Robertson-Walker. The first thing the authors did, was putting the
signs of formula (2.02.1) back into the original and local Minkowski order:

Furthermore, if we would consider “dt” to be universal, we would get a variable speed of light in
the cosmic past. Based on the proper time difference “dt0-cosm” of zero of light according to Special
Relativity, we would get for formula (2.02.4):

c2.dt02 = c2.dt2 – a(t)2.ds32

[m02]

FLRW metric (signs reversed)

(2.02.3)

When a(t) is one and the space is Euclidean, formula (2.02.3) equals the proven local Minkowski
formula of Special Relativity of formula (2.02.2). For photons these terms are equal, resulting in
a proper time “dt0” of zero for both (2.02.1) and (2.02.3). However, the time term “c2.dt2” is larger
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2.03 A question of time “dt”

0
= c2.dt2 – a(t)2.ds32
ds3 / dt = c / a(t)

[m02]
[m.s–1]

which equals:
variable speed of light

The speed of light then ranges from infinite at the Big Bang (when a(t) equals zero), to “c” right
now, when a(t) equals one. This outcome is similar to Schwarzschild’s speed of light at the core of
a sphere of incompressible liquid if the radius equals 9/8 of the Schwarzschild radius, see point 3)
coming up.
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Many physicists do not realize that the theory of General Relativity is based on a variable speed of
light (opposed to the theory of Special Relativity) in the wider reference frame (r,θ,φ) and a constant
speed of light in the local (proper) frame, but listen to what Einstein and Schwarzschild themselves
had to say about a variable speed of light in the wider frame:

The determinant of the covariant metric tensor equals –a(t)3, which is only equal to minus one if
a(t) = 1. In other words, the R&W solution is not an exact solution to Einstein’s theory of General
Relativity for any other time than now, see also book II. The R&W solution needs repair.

1) Einstein (translated, see appendix C of book II): “The principle of the constancy of the velocity
of light holds good according to this theory in a different form from that which usually underlies
the ordinary theory of relativity”. Einstein’s formula: c = c0.(1 + Φ / c2), Einstein confirms that
the speed of light “c” depends on the gravitational potential “Φ”,

To repair this solution for Noether’s laws, we must interpret time difference “dt” in the R&W
solution of (2.02.4) as “dtcosm” or as “a(t).dt” in order to scale a time difference in the same way as
a space distance. It makes sense in Minkowski’s world of space-time, to treat time differences the
same as space differences. It also makes the speed of light constant and the same over cosmic space
and cosmic time.

2) Einstein (On the Influence of Gravitation on the Propagation of Light): “It will also be obvious
that the principle of the constancy of the velocity of light in vacuo must be modified, since we
easily recognize that the path of a ray of light with respect to Kˈ must in general be curvilinear,
if with respect to K light is propagated in a straight line with a definite constant velocity”,

In the coming equations, “dt” is reinterpreted as the time difference within the cosmic frame. The
repair is again a question of (reinterpreting) time, just like the repair of the Schwarzschild solution,
see book II. The solution is then the cosmic proper time difference “dt0-cosm” in current proper units,
as deduced from the following equations:

3) Schwarzschild (translated, see appendix B of book II): “The velocity of light inside our sphere
becomes: v = 2 / (3cosχa - cosχ), growing from 1/cosχa on the surface to 2 / (3cosχa – 1) at the
core”. An infinite speed of light puts a lower limit to the radius of the sphere of 9/8 times the
Schwarzschild radius. Schwarzschild confirms the variable speed of light too, in his second
solution.

c2.dt0-cosm2
c2.dt0-cosm2
c2.dt0-cosm2
dt0-cosm

It should be no surprise that Einstein worked with a variable speed of light in his theory of General
Relativity for the wider reference frame (not locally, locally the speed of light is invariant).
However, the authors are bound by Noether’s conservation laws and must keep the speed of light
“c” invariant to speed, gravitation, and cosmic time within the wider reference frame too. On top of
it all, the Robertson-Walker (R&W) solution does not abide by Einstein’s demand for a determinant
of minus one of the covariant metric tensor “gμν”, as Einstein demanded (and Schwarzschild used
for his exact solution), see figure 2.03:

The beauty is found in the fact that current space, time, and proper time are all scaled by the same
scale-factor a(t) in order to get cosmic space: dscosm = a(t).ds3 in current units meter [m], cosmic
time: dtcosm = a(t).dt in current units second [s], and cosmic proper time: dt0-cosm = a(t).dt0 in current
proper units second [s0 ]. In other words, we can look at the cosmos in the past as a small version of
the present universe.

c2.dt02 = c.dt dr dα dβ
a(t) is scale-factor
│gμν│ = –a(t)3
c2.dt02 = c.dt dx dy dz
a(t) is scale-factor
│gμν│ = –a(t)3

1 0 0 0 c.dt
dr
0 –a(t) 0 0
dα
0 0 –a(t) 0
0 0 0 –a(t) dβ

dα = r.dϑ
dβ = r.sinϑ.dφ

1 0 0 0 c.dt
dx
0 –a(t) 0 0
dy
0 0 –a(t) 0
0 0 0 –a(t) dz

Figure 2.03: R&W solution has a determinant of “gμν” of –a(t)3
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= c2.dtcosm2 – a(t)2.ds32
= a(t)2.c2.dt2 – a(t)2.ds32
= a(t)2.(c2.dt2 – ds32)
= a(t).dt0

[m02]
[m02]
[m02]
[s0 ]

Re-interpreting “dt” as “dtcosm”
equal scaling of space and time
scaled local Minkowski, see (2.02.2)
scaled proper time difference

(2.03.1)

(2.03.2)

However, when astronomers or cosmologists want to apply the laws of physics at that time, they
need to be aware of the smaller scale of things. To cope with that, Robertson and Walker introduced
“comoving coordinates”, leaving the space coordinates of galaxies the same, but increasing the unit
meter over cosmic time.
In comoving space-time coordinates (in which the units meter and second are smaller instead of the
coordinates in the cosmic past), we see the same coordinates of space and time and smaller units:
dscosm = ds3
dtcosm = dt
dt0-cosm =dt0
[mcosm ] = a(t).[m ]
[scosm ] = a(t).[s]
[s0-cosm ] = a(t).[s0 ]

[mcosm ]
[scosm ]
[s0-cosm ]
0 < a(t) ≤ 1
0 < a(t) ≤ 1
0 < a(t) ≤ 1

comoving coordinate “dscosm”
comoving coordinate time difference “dtcosm”
comoving coordinate “dt0-cosm”
scaled cosmic unit meter
scaled cosmic unit second
scaled proper cosmic unit second

This is a very different way of looking at physics in the past, comoving coordinates! We will
demonstrate the beauty of comoving coordinates in the paragraphs to come; to begin with the
original Robertson-Walker solution.
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2.04 Repaired Robertson-Walker Solution in its full glory

2.05 Comoving coordinates and the expanding S-MKC units

Let us now look at the space distance difference “ds3” measured in current unit meters within the
universal frame. The space distance “ds3” was defined by R&W as:

Let us extend the cosmic unit meter “mcosm” scaling of formula (2.04.4) to the other basic units of the
S-MKC “scosm”, “kgcosm”, and “Ccosm”, based on the constancy of the speed of light “c”, the Newton
constant “G”, and the electron constant “K” (K = ke.e / me, see book I and II). In order to prevent
confusion in formulas between coordinates in current units as in formula (2.04.2) and in comoving
coordinates as in formula (2.04.3) and (2.04.4), we introduce the cosmic-factor “λ” (lambda) for the
units. This symbol replaces the symbol of the “cosmological constant”, which has no role to play in
our theory. The cosmic-factor “λ” is initially approximated by:

ds32 = dr2 / (1 – κ2.r2) + r2.(dθ2 + sin2θ.dφ2)

[m2]

R&W space distance

(2.04.1)

In this equation, “κ2” is the two-dimensional surface curvature in [m–2] and (r,θ,φ) are the
coordinates of a wider (reduced circumference) polar coordinate system within a Euclidean (“flat”)
reference frame. Current measurements of the curvature “κ2” of universal space within the universal
frame in [m–2] come very close to zero (Euclidean or nearly Euclidean). Let us assume Euclidean
space (κ2 = 0 and thus is ds32 = dr2 + r2.(dθ2 + sin2θ.dφ2) = dx2 + dy2 + dz2) and a cosmic photon
travelling through vacuum, of which the cosmic proper time difference “dt0-cosm” equals zero
according to Special Relativity. Formula (2.03.1) then gets us:
c2.dtcosm2 = a(t)2.ds32
c.dtcosm = a(t).ds3
dscosm
= a(t).ds3

[m2]		
[m]		
[m]
scaled cosmic distance

(2.04.2)

This is the scaled distance in current units meter. Here you see how the cosmic distance “dscosm”
for photon travel in the comic past is scaled by the factor a(t) relative to the distance “ds3” in
Euclidean space right now in current units meter [m], see figure 2.04.
Hypothetical 4D Euclidean reference frame

Cosmic 3-sphere space-time
3D Observable and
Euclidean subsection
distance dscosm

R&W solution in constant units meter:
dscosm = a(t).ds3 [m]
in current units
R&W solution in comoving coordinates:
[mcosm ] comoving distance
dscosm = ds3
[mcosm ]= a(t).[m]
expanding unit meter

Note that we have assumed that the speed of light in the cosmic past was the same as our current
and invariant speed of light “c”, as required by Noether’s laws of energy-momentum conservation.
R&W introduced “comoving coordinates”, which means that distances remain the same over time
in coordinates (dscosm = ds3 ). In other words, the unit meter “mcosm” was smaller in the past than the
current unit second, see also paragraph 2.03 and figure 2.04.
[mcosm ]
0 < a(t) ≤ 1

comoving coordinate distance
scaled cosmic unit meter

(2.04.3)
(2.04.4)

This is the repaired R&W solution in its full glory, galaxies remaining at the same comoving
coordinate distances at zero peculiar motion (no speed relative to the CMBR).
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0<λ≤1

[]

cosmic-factor for the units

(2.05.1)

The formula for the cosmic-factor “λ” will be established later, and will turn out to be different from
the scale-factor a(t) of the FLRW solution in terms of time, but not in terms of redshift. The key
difference is the application to the units instead of the application to the coordinates, the universe
was smaller in the past because of the smaller units, the original intent of Robertson and Walker. We
thus get the S-MKC units based on formula (2.04.4):
[scosm ] = λ.[s]
[mcosm ] = λ.[m]
[kgcosm ] = λ.[kg]
[Ccosm ] = λ.[C]

scaled cosmic unit second
scaled cosmic unit meter
scaled cosmic unit kilogram
scaled cosmic unit Coulomb

(2.05.2)
(2.05.3)
(2.05.4)
(2.05.5)

All we have done is extending the R&W solution of formula (2.04.4) to the other three cosmic units
in order to keep the laws of nature and the constants of nature in the cosmic past the same as the
constants of nature nowadays according to Noether’s energy conservation law.
This inherently means that all cosmic coordinates remain the same over time in comoving coordinates,
while the S-MKC units grow from zero at the Big Bang to the current units. It is important to define
the units correctly in the cosmic past when applying physics; have you applied the laws of physics
in current units as in formula (2.04.2), or in cosmic units as in the formulas (2.04.3) and (2.04.4)?
For example, the energy of photons must be conserved. The two ways of determining the scaled
energy of photons are:
1) Ecosm

Figure 2.04: Repaired Robertson-Walker solution

dscosm = ds3
[mcosm ] = a(t).[m]

λ ≈ a(t)

= λ.E

[J]

2) Ecosm = E
[Jcosm ]
[Jcosm ] = λ.[J]		

scaled energy in constant and current units Joule (2.05.6)
comoving coordinate of energy Ecosm
scaled cosmic unit Joule

(2.05.7)
(2.05.8)

It means that photons in current and constant units have less energy (in coordinates) now than when
these were broadcasted, but have not lost any energy, the current unit Joule is larger. Also look at
the resemblance of (2.04.2) with (2.05.6) and the resemblance of (2.04.3) and (2.04.4) with (2.05.7)
and (2.05.8). Note that the product of coordinate and unit, the uniform energy “Eu” remains the
same, according to the principle of uniform measurements (Eu = E.J = Ecosm.Jcosm ). Let us check these
formulas against the Cosmic Microwave Background Radiation.
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2.06 Cosmic Microwave Background Radiation (CMBR)

Tu = Tcosm.[Kcosm ] = T.[K]

Let us now have a look at the energy of photons of the CMBR. We know that the source of the
CMBR was the “Surface of Last Scattering” (SLS), at which time the universe was filled with
helium and hydrogen instead of its ions and electrons, allowing photons to freely travel through
space without being scattered. Hydrogen/helium gas below 2,978 [K] on earth is clear, photons no
longer interact with the charged baryonic matter.
Figure 2.06 shows the minute differences in temperature of the CMBR around the observed 2.725
[K] on earth.

uniform temperature measurement

(2.06.3)

In this equation is “Tu” the uniform temperature, “Tcosm” the cosmic temperature, and “T” the current
temperature, both in coordinates. Knowing that “Tcosm” is 1,093 times larger than “T”, see paragraph
2.01, the only possible conclusion is that:
[Kcosm ] = λ.[K] = [K] / 1,093

cosmic unit Kelvin at CMBR

(2.06.4)

This confirms formula (2.06.1) for the SLS.
2.07 Generalizing the cosmic-factor
In the previous paragraph, we have seen that the scale-factor a(t) and the cosmic-factor “λ” equal
1 / 1,093 at the CMBR. We also know that the scale-factor and cosmic-factor are one at present.
Could we generalize these two established facts into a formula? In our current units second, the SLS
was shortly after the Big Bang. May we assume that the Big Bang was at a cosmic factor “λ” of
zero? If so, the simplest formula of the cosmic-factor is (Occam’s razor):
λ = H.t = 1 / (z + 1)

[]

cosmic-factor

(2.07.1)

In this equation is “H” the Hubble constant in current units Hertz [s–1] and “t” the cosmic time in
current units second [s], and “z” the cosmic redshift. The cosmic-factor “λ” ranges from zero at the
Big Bang to one at present, and should be the same as the scale-factor a(t) of the FLRW solution.
However, in the FLRW model, a(t) has more complicated formulas, even for a Euclidean space:
a(t) = a0.(H.t)2/3
a(t) = a0.(H.t)1/2
a(t) = 1 / (z + 1)

Figure 2.06: Cosmic Microwave Background Radiation

Based on the laws of physics and the constants of nature being the same everywhere and at
any time, the “misty” transition of hydrogen must also have been the same comoving coordinate
of temperature of 2,978 degrees, but in cosmic units [Kcosm ]. Since the unit Kelvin is directly
proportional to the unit Joule, we may state that:
[Kcosm ] = λ.[K]
[Jcosm ] = λ.[J]

scaled cosmic unit Kelvin
scaled cosmic unit Joule

(2.06.1)
(2.06.2)

We now have six units that expand equally over cosmic time; the units second, meter, kilogram,
Coulomb, Joule, and Kelvin. However, comoving coordinates are only valid to the laws of physics
within a limited time span “dt”, such that the cosmic units remain the same (and thus the comoving
coordinates of nature). We call such a time limited frame in the past a “cosmic frame”. So how
do we cope with measurements of events that took place billions of years ago?
The principle of uniform measurements comes to the rescue again, two observers always measure
the same product of coordinate and unit (of events and observers standing still):
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[]
[]
[]

scale-factor (matter dominated)
scale-factor (radiation dominated)
cosmological redshift

(2.07.2)
(2.07.3)
(2.07.4)

The scale-factor a(t) is indeed zero at the Big Bang at an infinite redshift, just like the cosmicfactor “λ” is. The scale-factor “a0” is a(t) for the present time (t = 1 / H) and must therefore be one,
although we as authors cannot find a confirmation of “a0” (also called “anow”) being one at present.
The use of the “cosmological constant” or “dark energy” in the FLRW equations complicates and
mystifies these FLRW formulas even further.
When applying formula (2.07.2) and (2.07.4) reversed for “z” and “t” to the SLS with a redshift of
1,092, an “H” of 2.20 x 10–18 [s–1], and an “a0” of one, we get that the SLS happened 400,000 years
after the Big Bang. This is based on a value of “H” of 67.74 [km.s–1.Mpc–1] or 2.20 x 10–18 [s–1] in the
latest FLRW model, see https://en.wikipedia.org/wiki/Cosmic_microwave_background.
The older value of 71 [km.s–1.Mpc–1] or 2.30 x 10–18 [s–1] came to a time of 381,000 years. This
is quite close to the SLS timing of 380,000 years after the Big Bang as published in so many
documents, confirming the validity of formula (2.07.2) as descriptive of a(t) at the SLS in the
FLRW model. However, the authors will prove that formula (2.07.1) can explain all that we
observe, provided we use the comoving space-time coordinates and the principle of uniform
measurements consistently.
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We will test this simple equation (2.07.1) against the SLS temperature (CMBR) measured at
a distant galaxy, see paragraph 2.09. This equation then holds! From here on, we will use “λ”
exclusively for our cosmic model, while a(t) remains reserved for the FLRW model of the universe.
Note that in relation to the redshift “z”, both models use the same formula:

This means that for light that follows the geodesic of the 3-sphere in vacuum, the following must
hold for the cosmic-factor too:

a(t) = 1 / (z + 1)
λ = 1 / (z + 1)

[]
[]

FLRW scale-factor as function of redshift “z”
cosmic-factor as function of redshift “z”

The main difference is thus found in time “t”, which will be described in chapter 3.
2.08 Cosmic-factor and the distance ladder of a 3-sphere
The different cosmic-factor “λ” and scale-factor a(t) create a difference in time “t” and thus a
difference in distances based on an invariant “c”. On top of that, a 3-sphere differs in distances
from Euclidean space, the 3-sphere has three-dimensional arc-distances and are symbolized by “s3”
or “D” (to be compatible with the Hubble law), see figure 2.08:

Galaxy GN-z11
Redshift “z”

Galaxy EGSY8p7
z = H.D / (c – H.D)
D% = z / (z + 1)
Supernova SN UDS10Wil
Spiral Galaxy z = 0.89

z ≈ H.D / c

Distance “D%” in
i % off Hubble
H bbl arc-distance c / H
Figure 2.08: Cosmic Distance ladder of 3-sphere

When we base ourselves on time zero at the Big Bang (t = 0) in current units [s], at time
t = 1 / H presently, and on a constant speed of light “c”, we must conclude that “the other side”
of the universal 3-sphere is the farthest arc-distance “s3” or “D” on the 3-sphere of c / H, the
“Hubble arc-distance” in current units [m].
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λ = (1 – H.s3 / c) = 1 / (z + 1)

[]

cosmic-factor (based on s3 )

(2.08.1)

From this equation, we can determine the distance ladder in current units [m] and the cosmic
redshift as function of arc-distance:
D = s3 = {z / (z + 1)}.c / H
z = H.D / (c – H.D)

[m]
[]

arc-distance ladder
cosmic redshift

(2.08.2)
(2.08.3)

This is the arc-distance ladder we used to compute the volume percentage of the 3-sphere universal
space in chapter 1. The Hubble arc-distance c / H equals 10.85 billion light-years, based on a Hubble
constant “H” of 2.92 x 10–18 [s–1]. For example, a galaxy at redshift 0.89 is 5.1 billion light-years
away from earth. Remember though, this is a distance in current units meter, assuming the galaxy is
at present still at the same distance as it was 5.1 billion years ago (zero peculiar motion).
Figure 2.08 shows the distance percentage D% of the Hubble arc-distance (c / H) as function of
redshift “z” and v.v.. The Hubble law is based on the relation of distance “D” (= s3 ) and redshift “z”,
which was established by Hubble and Humason as z ≈ H.D / c in 1931. This is a good approximation
of formula (2.08.3) for a redshift “z” of less than 0.1 for an error of 10% ,see chapter 8.
Equation (2.08.2) comes to very different results of distances than the FLRW model does. For
example, the galaxy at redshift 0.89 comes to 5.1 billion light-years according to (2.08.2) and to
7.2 billion light-years according to the FLRW model, see next paragraph. We will clear up these
distance differences in the next chapter, in which we will separate distances in constant comoving
coordinates in expanding units from variable distances in constant current units.
2.09 CMBR in the past
“Astronomers Measure the Temperature of the Universe 7.2 Billion Years Ago” describes the
CMBR as received at a galaxy at redshift 0.89. When looking at the distance ladder of formula
(2.08.2), the authors come to a distance of 5.1 billion light-years and thus 5.1 billion years ago in our
current units. There are three good reasons why this distance differs from the distance as specified
by the authors of the article.
1) the uncertainty around the Hubble constant “H” is debit to this difference between 7.2 and
5.1 billion years; the authors base the Hubble constant on the Pioneer 10&11 deceleration,
2) the distance is also related to the cosmic model used (the “Lambda-CDM” model, or ours),
3) the distance also depends on the units chosen. In clock time (accumulating increasing units
second, the time the laws of physics listen to), the galaxy is measured to be 6.9 billion years
ago, see the paragraph 3.08.
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Let us see what our model predicts for the redshift. Based on our cosmic model, the redshift of the
CMBR “zCMBR” as a function of the redshift of the galaxy “z” is given by:

When you look at these equations, it becomes abundantly clear why comoving coordinates are
preferred, the constants of nature maintain the same coordinate value.

zCMBR + 1 = 1,093 / (z + 1) = 578

It is important to distinguish the constants of nature that have to be used in cosmic frames which are
equal to the constants of nature now in the universal frame (“c”, “G”, “”H”, “h”, “Tmist”) from the
measured constants of nature of long ago (“c”, “G”, “”H∞”, “h∞”, “Tmist-∞”) in current units.

redshift plus one of the CMBR at “z” of 0.89

(2.09)

In this equation, is “zCMBR” the CMBR redshift as measured at a distant galaxy and “z” the redshift
of the distant galaxy relative to us. The CMBR redshift “zCMBR” was zero in the Surface of Last
Scattering and is 1,092 at present.
The redshift of the galaxy “z” of 0.89 comes to a CMBR redshift “zCMBR” of 578 at that galaxy.
The black body radiation temperature at that galaxy must thus be 2,978 / 578 = 5.15 Kelvin. The
measured value (according to the authors of the article) amounts to 5.08 Kelvin (+/- 0.10 Kelvin).
The predicted temperature (predicted by our model) falls within the measurement range of 4.98
to 5.18 Kelvin. In other words, the predicted temperature corresponds to the measured value,
validating our model too.
Even though the distance to this galaxy at z = 0.89 is seen at three different values by the two models
(5.1 and 6.9 by ours vs 7.2 billion light-years by the Lambda-CDM model), the predicted CMBR
redshift is the same. This is no surprise, a(t) and “λ” have the same relation with cosmic redshift.
The key difference is found in the time “t” at z = 0.89, the subject of next chapter.
In other words, The CMBR redshift as measured at distant galaxies can be computed based on
formula (2.09). The difference in distance estimates between the FLRW model and ours does not
influence the resulting redshift. The main difference between the FLRW model and ours lies in the
translation of redshift into distance and time, see next chapter.
2.10 Constants of nature
The CMBR proves that the S-MKC units at the SLS were 1,093 times smaller than these are at
present. The laws of nature and its constants are applicable and valid at any location and at any time
within any cosmic frame with limited timespan in comoving coordinates.
In other words, the misty temperature of hydrogen “Tmist” is, was, and will always be 2,978 [Kcosm ],
the cosmic Hubble constant “H” is, was, and will always be 2.92 x 10–18 [scosm–1], and the Planck
constant “h” is, was, and will always be 6.626 x 10–18 [Jcosm.scosm ] in comoving coordinates, while the
cosmic units increase over cosmic time.
Measured in current units, the cosmic coordinates and constants of nature “Tmist-∞”, “H∞”, and “h∞”
are depending on the cosmic-factor (italic) and depending on the number of S-MKC units in the
nominator and in the denominator, see book I and II. We have chosen to subscript the measurements
from far by the infinity symbol “∞”, as we did in Book II:
Tmist-∞ = λ.Tmist
H∞ = H / λ
h∞
= λ2.h
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[K]
[s–1]
[J.s]

misty temperature measured in current [K]
Hubble constant measured in current [s–1]
Planck constant measured in current [J.s]

The CMBR can be seen as the measured “Tmist-∞”, measuring 2.725 [K] which equals the “Tmist” of
2,978 [Kcosm ] to be used for the laws of physics in the cosmic frame of the SLS, thus:
[Kcosm ] = (2.725 / 2,978) [K] = [K] / 1,093 = λ.[K]		

(2.06.1)

Applying the principle of uniform measurements (check):
Tu_mist = Tmist.[Kcosm ] = Tmist-∞.[K]		
Tmist-∞ = λ.Tmist
[K]

uniformly measured “Tu_mist”

Occam’s razor favors the formula λ = H.t to determine the cosmic-factor “λ” as a function of
cosmic time, but we will have to prove that time observations fit better in our model than in the
FLRW model. We will do so in the next chapter based on the speed of star formation at distant
galaxies.
2.11 Summary
In current cosmology based on the FLRW equations and called the Lambda-CDM or FLRW model,
the unit expansion of the unit meter is not mirrored by the expansion of the other units, creating
strange combinations of coordinates in constant units (Hubble law and first Friedmann equation, see
chapter 8) and in comoving coordinates (temperature at the SLS).
To apply physics to observations of the past consistently, a three-step approach can be formulated:
1)

The laws of physics and the constants of nature are valid in comoving coordinates, provided
the timespan “dt” is limited within the cosmic frame and the cosmic-factor “λ” is known,

2)

The cosmic-factor “λ” can be obtained by knowledge of the events, by cosmic redshift, and
by the principle of uniform measurements,

3)

All measurements on earth must be corrected for the cosmic-factor “λ” in order to apply the
laws of physics within the cosmic frame.

Before we can describe the 3-sphere space-time in more detail, we need to describe cosmic time
and clock time, the subject of next chapter. This will show that the cosmic-factor “λ” is a better
description of scale than the a(t) of the FLRW model is.
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The smaller cosmic unit second [scosm ] has implications to the cosmic time, the (hypothetical)
cesium clock, and to cosmic inflation. It also makes a difference between comoving distances in
expanding units and distances in constant (current) units. The authors define “cesium clock time” or
“cosmic clock time” as the time as it progresses in physics.

3.01 Cosmic speed of light according to Noether’s laws
According to the R&W solution, the speed of light depends on the scale-factor a(t), which means
that the speed of light ranges from infinity at the Big Bang to the current value “c” of 299,792,456,
see paragraph 2.03. A variable speed of light is a feature of Einstein’s theory of General Relativity,
see chapter 2.
However, the authors are bound by Noether’s laws of energy-momentum conservation in which the
speed of light has to remain the same over time. To keep the speed of light the same, we will have to
treat space and time equally, true space-time.
In other words, time differences and the unit second must be scaled the same as space differences
and the unit meter, as we concluded in chapter 2. The repaired R&W solution in Euclidean space
must thus look like (see paragraph 2.02 for the correctly interpreted R&W solution):
[mcosm ] = λ.[m]
[scosm ] = λ.[s]
dscosm
dtcosm

= ds3
= dt

[mcosm ]
[scosm ]

scaled cosmic unit meter
scaled cosmic unit second

(3.01.1)
(3.01.2)

comoving coordinate distance
comoving coordinate time difference

(3.01.3)
(3.01.4)

So, how do we interpret a smaller unit second in the cosmic past? The answer is simple, the unit
second is defined as 9,192,631,770 cycles on a cesium clock. Physics being the same
everywhere and at any time in comoving coordinates, leads to the unaltered cesium clock frequency
of 9,192,631,770 [Hzcosm ] in the cosmic past.
Figure 3.0: Cosmic clock used by Hafele and Keating in 1971

Figure 3.0 shows the cesium clock as used by Hafele and Keating in 1971 to prove the influence of
gravitation and speed on cesium clocks, see book I and II.

However, there is a problem. A cesium clock is not just defining the unit Hertz and second, but it
also accumulates the units second. How can we accumulate a cosmic unit second that gets longer
over cosmic time?
The first and simplest thing we can do, is limiting the cosmic frame, such that the unit second is
constant within the measurement error of the experiment. This is how we treat time in the current
cosmic frame, the universal frame.
The second thing we need to do to understand a cesium clock over a long cosmic time, is to
integrate the increasing cosmic unit second into a true “clock time”. Up till now, we have expressed
cosmic time in current units [s], but we will have to adjust that for the cosmic cesium clock with its
increasing unit second.
After all, the cesium clock is our measurement equipment of time and time differences, the cesium
clock is representative for the progress of physics in gravitation, at speed, and in the cosmic past.
However, we will first have to deal with the confusion between clock frequencies, measured
frequencies, and measured time differences.
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3.02 Cosmic cesium clock

3.03 Cosmic inflation and Hubble Space Telescope observations

We have seen in book II that it is easy to confuse the clock frequency with a measured frequency,
since faster clocks measure lower frequencies, see figure 3.02 the blocks A to C:

Physics being the same in comoving coordinates everywhere and at any time, means that the
cesium clock is representative for the progress of physics locally. In other words, at the SLS physics
progressed 1,093 times as fast as it progresses right now, cosmic inflation! Let us define cosmic
inflation as the progress of cosmic physics relative to the progress of physics now:

A

Clock (Hertz) relativity:
[Hzcosm ] = [Hz] / λ

Units

B

Unit second relativity:
[scosm ] = λ.[s]

Measured frequencies:
νcosm = λ.ν [Hzcosm ]
Principle of uniform
Measurements

C

cosmic inflation (unit Hz based)
cosmic inflation (clock based)

When we use the generalized cosmic-factor “λ” of:

Coordinates

Measured time difference:
dtcosm = dt / λ [scosm ]

[Hzcosm ] = [Hz] / λ		
νcosm_clock = νclock / λ		

λ = H.t

= 1 / (z + 1)

[]

cosmic-factor (photon based)

(2.07.1)

we must come to the conclusion (using figure 3.02) that:

D

Figure 3.02: Cosmic cesium clock frequency, units, and measured frequency and time

The frequency “νcosm_clock” of a cosmic cesium clock sets the standard of frequency; in other words
the cosmic clock frequency “νcosm_clock” equals the cosmic [Hzcosm ] in block “A” of figure 3.02.
If, for example, the cosmic redshift “z” equals one, then λ = 0.5, since λ = 1 / (z + 1), and a cosmic
clock ticks twice as fast as a cesium clock on earth. As a consequence, the cosmic unit second is
half as much as our current unit second is (block A to B). The principle of uniform measurements
then states that the measured time difference on the cosmic clock is twice as much as measured on
earth (block B to D).
The (hypothetical) cesium clock at the SLS (z = 1,092 and λ = 1 / 1,093) ticked 1,093 times as fast
as the current cesium clocks tick. This can be explained in two ways:
1) The shorter cosmic unit second means a much faster cesium clock and vice versa (A & B),
2) Physics in comoving coordinates are the same anywhere and at any time.
When we would be able to observe this hypothetical cesium clock at the SLS on earth, it would tick
like mad; 1,093 cosmic seconds within one second of our own, see block “D”. We call this disparity
in time “cosmic inflation”, see the next paragraph.

[Hzcosm ] = (z + 1).[Hz]		
dtcosm
= (z + 1).dt
[scosm ]
dtcosm / dt = z + 1
[]

cosmic inflation (units)
cosmic inflation (coordinates)
cosmic inflation (ratio)

(3.03.1)
(3.03.2)
(3.03.3)

The cosmic inflation of (z + 1) as the ratio of the progress of time (dtcosm / dt) ranges from infinity
at the Big Bang, via 1,093 at the SLS, to 1.0 at present. The direct consequence of formula (3.03.3)
is substantial cosmic inflation at the galaxies that the Hubble Space Telescope is observing. The
Hubble Space Telescope for deep space measurements has observed galaxies in the redshift
range from seven to eleven. In other words, the cosmic inflation as observed by the Hubble Space
Telescope ranges from eight to twelve for deep space measurements.
There is some incidental observational proof of cosmic inflation in the form of star formation. The
NASA and ESA both published on their web-sites the following statement in the article “Hubble
finds hundreds of young galaxies in the early Universe” at:
www.nasa.gov/mission_pages/hubble/hst_young_galaxies_200604_prt.htm:
“The findings also show that these dwarf galaxies were producing stars at a furious rate, about ten
times faster than is happening now in nearby galaxies”.
When you are convinced that the Hubble law or the (relativistic) Doppler Effect is the cause of the
redshift (see also chapter 8 about the Hubble law), you would observe the opposite: these dwarf
galaxies would appear to be producing stars at a very slow rate, about ten times slower than is
happening now in nearby galaxies.
Conclusion: Initial observations confirm the cosmic inflation of z + 1 for galaxies of a redshift
between seven and eleven.
In other words, we predict observing star formation, star rotation within galaxies, and other time
related events as observed by the Hubble Space Telescope between a redshift of seven to eleven to
be observed to progress about ten times faster than in nearby galaxies.
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The authors are convinced that many more of these statements will arise over the years to come.
This is an important prediction of our theory. The FLRW model cannot explain the cosmic inflation
as observed by the Hubble Space Telescope. In the FLRW model, the cosmic inflation is limited to
one era only: the “inflation era”.

3.05 Are you convinced?

3.04 Cosmic inflation or “Inflation era”?
The FLRW or Lambda-CDM model does not recognize cosmic inflation as a property of the past,
but assigns an era to it, long before the SLS; the “inflation era” or “inflation epoch”. This era would
have lasted between about 10–33 to about 10–32 seconds after the Big Bang. Assuming these times are
defined in current units second, the inflation can be computed as per formula (2.07.1) and (3.03.3).
dtcosm / dt = 1 / H.t = 1 / λ = z + 1

[]

cosmic inflation

(3.04)

Substituting the specified times and the Hubble constant “H” of 2.92 x 10–18, we get to a cosmic
inflation of about 3.4 x 1049 to 3.4 x 1050! The authors fully agree that there was a gigantic cosmic
inflation at that time, but disagree with the timing, the cosmic inflation did not begin at 10–33 [s] and
did not end at 10–32 [s], but started at the Big Bang and ends now. At the SLS for example, the cosmic
inflation was 1,093, not a number to be ignored.
Conclusion: Cosmic inflation is a property of the past: “eternal cosmic inflation”.
This conclusion is not just contradicting the FLRW model in the timing of cosmic inflation, but
also contradicting the Hubble law as cause of the high redshift of far galaxies and eras long ago,
see chapter 8.
We will show in chapter 8 that the Hubble law is a combination of the data collected by Hubble and
Humason (z ≈ H.D / c) and the assumed non-relativistic Doppler Effect (z ≈ v / c) as cause of the
redshift “z”, resulting in the Hubble law (v = H.D).
In the Hubble law, “v” is the speed of galaxies, “H” the Hubble constant, and “D” the distance to
earth. Chapter 8 deals with the Hubble law and other causes of redshift. The authors will show that
the Hubble law is restricted to a redshift of about 0.1, above which eternal cosmic inflation and the
relativistic Doppler Effect become dominant.

When we compare the FLRW model based on a(t) and a separate inflation era, to our model based
on eternal cosmic inflation and a cosmic-factor “λ”, can you see why we strongly believe in our
model?
We will provide you with even more indications of the quality of our model, we hope you reflect
on the results this far:
1) No need for a “cosmological constant” or “dark energy”,
2) A simple formula for the cosmic-factor “λ”,
3) A better explanation of the distribution of galaxies within the universe,
4) A consistent use of comoving coordinates and constants of nature,
5) An explanation of cosmic inflation confirmed by NASA/ESA statements,
6) Fulfilling Noether’s laws of energy-momentum conservation,
7) Understanding why the CMBR comes from all sides,
8) A model based on the perfect cosmological principle,
9) A confirmation of the CMBR temperature of a galaxy at z = 0.89.
Nine good reasons to support our model and to reject the current FLRW or Lambda-CDM model.
We will need that support in the chapters to come; to understand a universal 3-sphere space-time
will take a lot of brainpower!
However, you will get a beautiful four-dimensional model of space-time that will bring you even more:
1) Understanding the Pioneer 10&11 anomaly,
2) Understanding of the seemingly unexpected high stellar velocities of stars at the edge of
galaxies (without resorting to explanations involving hypothetical dark matter),
3) The vital statistics of the universe,
4) The smallest quanta of space, time, (angular) momentum, and mass-energy,
5) The meaning of (twice reduced) Planck units,
6) Unification of Special Relativity with the repaired R&W solution,
7) Unification of the Schwarzschild solution with the repaired R&W solution.
We hope to have convinced you to continue reading, you will not be disappointed. Let us continue
where we stopped, cesium clock time.

56

57

3: Cosmic time and cosmic inflation

3: Cosmic time and cosmic inflation

3.06 Cesium clock time equals physical time

3.07 Big Bang is just a horizon in time, the “Hubble Horizon”

A cesium clock accumulates the seconds into a coordinate of time. However, the cesium clock does
not accumulate constant units second. With a coordinate of time which was 1 / H.t larger in the
cosmic past, the accumulation of seconds yields the cesium time “tccl” (ccl stands for cesium clock
or cosmic clock), see also block “D” of figure 3.02:

This brings up the question: was the Big Bang infinitely long ago, or “just” about eleven billion
years ago? The answer is both; the Big Bang was eleven billion years ago in constant and current
units second, but the Big Bang was also infinitely long ago on a hypothetical cesium clock, the clock
that is representative for the progress of physics.

tccl = ∫dtcosm = ∫dt / H.t = ln(H.t) / H

Since the cesium clock is representative of the progress of physics, physicists have no other choice
but accepting that the Big Bang was infinitely long ago in terms of real physics and real clocks!

[sccl ]

cesium clock time (0 < t < 1 / H)

(3.06.1)

The cosmic units second over time are symbolized by [sccl ], which range from zero at the Big
Bang to the cosmic second [scosm ] at any given time in the cosmic past, to the present universal unit
second [s].
We could enter an integration constant to this clock in increasing units second [sccl ], but the authors
leave the current cesium time at zero, since ln(1) equals zero. This means that a negative time is the
past and a positive time is the future. This hypothetical cesium clock has time zero now, while the
Big Bang was at “tccl” minus infinity, see figure 3.06:

You may also ask yourself, if you lived five billion years ago in our units second, would the Big
Bang then be any closer?
The beauty of comoving coordinates tells the story, the Hubble constant is constant in comoving
coordinates. In other words, any cosmic observer, at any time in the past or in the future will regard
the Big Bang as 1 / H cosmic seconds ago. The Big Bang is a time horizon, similar to a horizon at
sea, you can see it, but you cannot get to it. You can’t even get to it if you could travel back in time!
We refer to the Big Bang as the “Hubble Horizon”, a horizon to any cosmic observer in both space
and time.

“t” in billions of years of current seconds
3.08 Ccl distances

At present (z = 0):
tccl = 0.00 [sccl ]
t = 10.85 [Gy]

tccl

GN-z11 (z = 11.09):
tccl = –27.05 [Gyccl ]
t = 0.90 [Gy]
SLS (z = 1,092):
tccl = –75.92 [Gyccl ]
t = 0.01 [Gy]

A distance is measured in units meter, while the unit meter depends on the unit second. When a
particle (high speed mass-particle or photon) travels over cosmic distances, the unit meter increases
during its travels, along with the unit second, forced by the constancy of the speed of light. In other
words, the distances light travels over “ccl time” is measured in “ccl meters”, in increasing units
meter.
In other words, the “ccl distance” from the SLS to earth equals nearly 76 billion light-years based
on “ccl meters”, see figure 3.06. The “ccl meter” is the distance light travels in vacuum on cesium
clocks at the time these photons travelled in the cosmic past. The “ccl meter” equals the cosmic
meter at any time and was zero at the Big Bang and 1,093 times as small as our current unit meter at
the SLS. The “ccl distance” is thus an accumulation (integration) of local distances.
The “ccl distance” is called the “comoving distance” in the FLRW model, which is a very confusing
term, see next paragraph.

Figure 3.06: Cesium clock time versus time in current units seconds

Note that the present time also equals 1 / H in current and constant units [s], the Hubble time, which
equals about 10.85 billions of years using the Hubble constant of 2.92 x 10–18 [Hz]. The SLS was at
time “tccl” of –75.92 billion years in [sccl ] or 10.84 billions of years ago in current units, or at a “t” of
0.01 billions of years (10 million of years) after the Big Bang in our current units second.
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3.09 Cosmic distance ladders

Let us now compare the distance ladder of the FLRW model in “lookback time” and “comoving
distance” to the model of the authors in “arc-distance” and in “ccl distance”, to begin with the
“lookback time”.

The farthest distances confirmed by astronomical data is about seven billion light-years. These
distances are estimated based on the characteristic brightness of supernovae explosions over time.
The corresponding redshift amounts to a maximum of about two. Above a redshift of two, we must
resort to another method of estimating distance, but which one? Currently, the Hubble law is used
for the distances in the FLRW model, while the speed “v” is determined by the relativistic Doppler
Effect:
ctLB = v / H

[m]

“lookback time” (FLRW model)

Note that the distance is called “lookback time” a combination of the speed of light “c” in current
meters per second and the time it took to get here in our current unit second, see figure 3.09
(https://en.wikipedia.org/wiki/Redshift):

z = 1,092
dH = 46 Glyrs

The maximum “lookback time” distance is the “Hubble length” of c / H. Note that at z = 1.0, about
half of the maximum distance is reached, compare this to formula (1.03.5):
s3

= {z / (z + 1)}.c / H

[m]

arc-distance ladder

(1.03.5)

It looks like the FLRW lookback time is similar to the arc-distance “s3” of the 3-sphere space-time
model! The major difference seems to be the coordinate value and constancy of the Hubble constant
“H”, see the chapters 2 and 6.
Another distance indicator used by the FLRW model is the “comoving distance”, a distance a
photon travels as measured by the subsequent cosmic observers. The authors have reserved the term
“comoving” for constant coordinates within a cosmic frame.
The authors find the term “comoving distance” of the FLRW model a bad one, the unit meter is not
constant over time in their model. The “comoving distance” is closest to what the authors call the
“ccl distance”, a distance measured in everlasting growing units meter, see paragraph 3.08.
Although the “lookback time” is similar to (or the same as) the arc-distance of formula (1.03.5) in
current meters, the “comoving distance” of the FLRW model differs substantially from the “ccl”
distance of the authors. The “comoving distance” of the FLRW model is limited to about 47 billion
light-years (see figure 3.09), while the “ccl distance” of the authors is unlimited!
At high redshifts, the difference between the two models becomes large. The CMBR has an
undisputed redshift “z” of about 1,092, which amount to a “comoving distance” of about 46 billion
light-years in the FLRW model and a “ccl distance” of about 76 billion light-years in our model.
The speed of light in the FLRW model is thus 46c / 13.8 = 3.3c (superluminal speed), while the
speed of light in the 3-sphere space-time model is exactly “c” (76 billion light-years divided by 76
billion years), see the next paragraph.

Figure 3.09: FLRW distances in billions of light-years (courtesy of Wikipedia)

In this figure is “dH” the “comoving distance” and “ctLB” the “lookback time” of the FLRW model.
The lookback time is limited to 13.8 billion years, while the “comoving distance” is limited to
about 47 billion light-years. Note that the speed of highly redshifted galaxies is determined by the
relativistic Doppler Effect in the FLRW model. Galaxy speed and redshift are the subject of chapter 8.
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However, the authors are bound by their commitment to Noether’s laws. To the authors, the “ccl
distance” in light-years is equal to the “ccl” history in years. The arc-distance “s3” and time to the
Big Bang in current units (z of infinity) is c / H [m] and the comoving time is 1 / H [s].
This space-time is expressed in current units, while physics is expressed in cosmic units. Based
on Noether’s conservation laws and based on physics in consistent comoving coordinates,
the Big Bang was infinitely long ago and far away as measured on a hypothetical cesium clock.
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3.10 Comparing distance ladders

The earliest galaxy found this far is at a redshift of 11.09, see www.foxnews.com/science/2016/03/04/
astronomers-spot-galaxy-record-13-4-billion-light-years-from-earth.html, and figure 3.10:

The cesium clock distance or “ccl distance” of the authors looks like the “comoving distance” of the
FLRW model, let us compare these two distances based on the known redshift of a galaxy at which
the CMBR temperature was measured at z = 0.89, two distant galaxies (EGSY8p7 and GN-z11, see
figure 2.08) at z = 8.68 and 11.09, the CMBR at z = 1,092 and the theoretical infinite redshift of the
Big Bang:
redshift
“z”

FLRW
“dH”

0.00		0.0 [Gly]		
0.89		7.2 [Gly]		
		 8.68
29.0 [Gly]
11.09
32.0 [Gly]
1092.47
46.0 [Gly]
infinite
47.0 [Gly]

Authors
“ccl”
0.0 [Glyccl ]
6.9 [Glyccl ]
24.6 [Glyccl ]
27.1 [Glyccl ]
75.9 [Glyccl ]
infinite [Glyccl ]

on earth
galaxy of CMBR measurement
galaxy EGSY8p7
galaxy GN-z11
CMBR from SLS
Big Bang or Hubble Horizon

The values of the “comoving distance” of the FLRW model “dH” are estimated using the graph of
figure 3.09. The difference in distance ladder is small at redshift values of z < 1, but substantial at
the highest redshift value we have (the CMBR). While the SLS was 46 billion years ago and 380,000
years (1013 seconds) after the Big Bang in the FLRW model, the authors talk about 76 billion years
ago and about a 10 million years after the Big Bang (called the Hubble Horizon) in current units.
The difference between these two distance ladders is not easily resolved by observation. Above a
redshift of about twelve we get into the “dark ages” after the recombination (including the SLS) and
is called the “reionization era”.

Figure 3.10: Galaxy GN-z11 as observed

3.11 Summary
The cesium clock is representative of the progress of physics. The hypothetical cesium clock in the
cosmic past ticked faster by a factor of z + 1 than the current cesium clock, cosmic inflation.
Cosmic inflation is a property of the past and equals cosmic redshift plus one. The Hubble law and
(relativistic) Doppler Effect predict the opposite: cosmic deflation. Early observations of the Hubble
telescope show cosmic inflation, confirming eternal cosmic inflation.
Within the observable universe as reference frame, we cannot apply the laws of physics in
general. The observable universe serves as the key to obtaining the cosmic-factor “λ” based on the
knowledge of the laws of nature and the measured energy of photons.
Before we look into cosmic reference frames, let us first get into the details of the 3-sphere
space-time.
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