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Introduction and Relevance 

The current model of the universe is called the FLRW model (Friedmann, Lemaître, Robertson and 

Walker). It is based on the Robertson-Walker solution to Einstein’s theory of General Relativity 

(GR), Friedmann’s density analysis, and Lemaître’s expanding universe. This model describes an 

expanding universe with two-dimensional (2D) curvature. The observational data indicate Euclidean 

(flat) or near Euclidean (slightly 2D curved) space. This model makes use of considerable “dark 

energy” (cosmological constant) and “dark matter”. Both dark energy and dark matter have this far 

not been confirmed by physicists as measurable particles or fields. 

 

The authors introduce the EMRW model based on Einstein’s first model of the universe, 

Minkowski’s union of space and time, and Robertson-Walker’s “comoving coordinates”. To be 

clear, this model is not based on Einstein’s Relativity, but on Einstein’s first model, the “3-sphere” 

with 3D curvature. This model is solely based on existing physics and is supported by NASA/ESA 

observations using the Hubble Space Telescope. In other words, this model does not need unproven 

“dark energy”, and a lot less “dark matter”. This model explains the observed fast star formation at 

far galaxies and explains and quantifies cosmic inflation. 

 

Minkowski united space with time in 1908 

Hermann Minkowski argued that space and time are not separate quantities, but are two sides of the 

same coin. He stated in 1908 (translated): “The views of space and time which I wish to lay before 

you have sprung from the soil of experimental physics, and therein lies their strength. They are 

radical. Henceforth space by itself, and time by itself, are doomed to fade away into mere shadows, 

and only a kind of union of the two will preserve an independent reality.” Minkowski had studied 

Einstein’s theory of Special Relativity (SR) and created his own version of SR. Minkowski’s  

version of SR was used by Albert Einstein to create GR as published in 1916. 

 

Einstein was the first to define a 3-sphere model of the universe in 1917 

Einstein published his first model of the universe in 1917 in his widely distributed book (translated) 

“My Theory”. In the paragraphs 30 to 32 he introduced a  new concept: the universe as a spherical 

model in four spatial dimensions. We call such a shape nowadays a “3-sphere”. The actual space of 

a 3-sphere is mathematically defined as the three-dimensional (3D) “surface” of a sphere of four 

dimensions (4D). A 3-sphere has a four-dimensional radius, which Einstein simply called “R”. A 3-

sphere is hollow, there is no “inside”. There is also no “outside”. To make this understandable, 

Einstein called such a universal model “limited but borderless” in paragraph 31 of “My Theory”. 

 

Robertson and Walker defined comoving coordinates in 1936 

Robertson and Walker introduced “comoving coordinates” in 1936, leaving galaxies without local 

speed at the same astronomical coordinates within an expanding universe, because experiments now 

have the same outcome as the same experiments had then. In terms of physics, this amounts to 

keeping the coordinates the same over time, while expanding the unit meter over time. The unit 

meter expansion over time must be matched by the unit second expansion over time to ensure a 

constant speed of light, since the unit meter is defined in terms of time and the speed of light. 
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A constant speed of light over time is also required by Noether’s theorem of energy conservation. In 

other words, both the unit meter and the unit second expand equally over time. The effective 

expansion of the universe is thus an expansion in units, not in coordinates, “comoving coordinates”. 

The expanding unit second is called “cosmic inflation”, which will be specified later. 

 

EMRW model: a 3-sphere space-time 

The EMRW model is a combination of Einstein’s 3-sphere, Minkowski’s union of space and time, 

and Robertson-Walker’s comoving coordinates. The modification to Einstein’s 3-sphere is simple, 

the radius “R” is also time “t”, making the EMRW model the first comoving space-time model of 

the universe, in complete harmony with Minkowski’s union of space and time! In the EMRW 

model, the Big Bang lies at the inside of the 3-sphere (at R = 0 and at t = 0), while the current time 

is the Hubble time (at t = 1 / H). The current time “t” is expressed in the Hubble constant “H” of  

2.92 x 10–18 [Hz], and is about 11 billion years. This model of the universe does not collapse, 

expands forever, but does not need a cosmological constant (dark energy). 

 

Einstein’s 3-sphere, limited but borderless 

In paragraph 31 of his book “My Theory”, Einstein explains how the universe is limited in the sense 

of a 3D volume, but borderless in the sense that there is no border to the “inside” or “outside”. We 

as humans cannot imagine such a shape, until we get time involved, but that is for later. For now, 

the simplest way of imagining this 3-sphere, is to look at trips you can make in any direction: all 

trips end up to be large circles even though you think you go “straight ahead”. In paragraph 31, 

Einstein has worked out the total 3D volume “V” of the universe by the formula V = 2π2.R3, in 

which “R” is the 4D radius in the unit [m]. 

 

All 2D sections of a 3-sphere are circles. All 3D sections of a 3-sphere are hollow 3D spheres. 

Einstein’s 3-sphere is unimaginable for humans, unless you take Minkowski serious, and you think 

of time as an essential and equal part of space-time. The best way of imagining space-time is to look 

at the 4D radius “R” of the 3-sphere as time “t”. 

 

Relationship between the 4D radius “R” and time “t” 

This is the modification the authors made to Einstein’s first model, the 3-sphere. The relation is 

simple, R = c.t / π, in which “t” is the time in current units second [s], and “c” is the invariant speed 

of light of 299,792,458 [m/s]. Minkowski would be very pleased to see a result of his own quest, 

proving that space and time form some kind of union! 

 

We can look at the 4D radius of the universe both as a radius in current units [m] as well as a time in 

current units [s]! The 4D radius “R” allows us to compute things like volume, density, and 

geodesics (shortest route) at any given time, while the use of that same 4D radius as time “t” allows 

us to explain observations in the cosmic past! The largest distance within our universe is the 

distance (c / H), also called the Hubble length, which comes to about 11 billion light-years in 

comoving coordinates, thus in expanding units [m]. For more specs see the paragraph “EMRW 

specifications and universal density”. 
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Robertson-Walker’s comoving coordinates 

Combining space and time of the universe in a single space-time model has many advantages: 

explaining cosmic inflation, explaining the Pioneer 10&11 “anomaly”, but most of all adhering to 

Noether’s theorem of energy conservation. The universal mass-energy is conserved in “comoving 

coordinates” as defined by Robertson and Walker. Comoving coordinates leave the coordinates 

(time, length, mass-energy, and charge) the same over time, but the basic measurement units 

(second, meter, kilogram, and Coulomb) increase over time. Our laws of physics stay the same in 

comoving coordinates! This is the ultimate relativity: everything is relative to the universe. 

 

The expanding unit second over time means that we measure the past with the wrong units.  When 

we measure now, in our current unit second, cosmic events which are far away and therefore 

happened long ago, we measure less time now with our larger units than what the actual processes 

took long ago in cosmic units second of long ago! So we measure/observe those events proceeding 

faster. However, we know that these events for scientists who measured  long ago proceeded as fast 

as the same events proceed today for us. Thus, to understand the physics of long ago, we need to 

know and use the units of long ago. Only after correction for the shorter unit second of the past, can 

we understand the physics at that time. The late measurement of events is the cause of this “cosmic 

inflation”. Cosmic inflation is the correction factor to understand the physics of cosmic events. 

 

Cosmic Inflation explained and quantified 

Redshift “z” is the relative change in wavelength λ; z = (λ_observed minus λ_emitted) divided by  

λ_emitted. As a consequence, the observed wavelength is a factor (z + 1) larger than the emitted 

wavelength. This Cosmic inflation factor is thus a property of the observed cosmic past and amounts 

to redshift plus one (z + 1). For example: emitted blue light becomes observed red light for a 

redshift of 0.33. The Hubble space telescope looks in deep space at galaxies that are redshifted 

between seven and eleven (z ≈ 9). In other words the cosmic inflation at those galaxies lies between 

eight and twelve. 

 

This is what NASA/ESA say 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”. 

 

This observed quicker star formation confirms the cosmic inflation of z + 1! However, the current 

FLRW-model would problematically result in slower star formation of a factor z + 1. These early 

findings show that cosmic inflation is not limited to a specific era (as currently thought), but is a 

property of the entire cosmic past. This cosmic inflation amounts to z + 1. It abides by the very large 

redshift of what is now called the “cosmic inflation era” and also abides the observed ELS which 

has a cosmic inflation actor of about 1100 based on z + 1. In other words, yes there was cosmic 

inflation in the cosmic past, but this cosmic inflation is not limited to a specific era, but is a property 

of the entire observed cosmic past. 
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Hubble was the first to measure cosmic inflation 

Hubble and Humason measured the relation between distance and redshift in 1931. Edward Hubble 

assumed that the non-relativistic Doppler Effect was the only cause of redshift. However, there are 

three more causes of redshift, relativistic Doppler, gravitation, and cosmic inflation. At relatively 

short distances, the non-relativistic Doppler Effect is indeed dominant, but for high cosmic redshifts 

(z > 0.1) the cosmic inflation is dominant, see our book “Repairing Robertson-Walker’s Solution”. 

Hubble and Humason never measured a single speed of a single galaxy, they just measured redshifts 

in the range from 0.01 to 0.2. In other words, Hubble and Humason measured a combination of 

speed of galaxies close by (within our local group) and of cosmic inflation further down (z > 0.1), so 

they were the first to measure the cosmic inflation, without realizing it! 

EMRW specifications and universal density 

Following are the specs of the EMRW model in comoving coordinates: 

 

Radius 3-sphere:  R4   = c / π.H  ≈ 3.3 x 1025  [m] comoving radius 

Hubble length:  S3  = c / H  ≈ 1.0 x 1026  [m]  largest distance in the universe 

Hubble time:  t  = 1 / H  ≈ 3.4 x 1017  [s]  total history of the universe 

Hubble mass:  M = c3 / G.H  ≈ 1.4 x 1053  [kg]  total mass of the universe 

Cosmic density: ρ = π.H2 / 2G  ≈ 2.0 x 10–25  [kg/m3]  cosmic density of the universe 

 

The Hubble constant “H” is about 2.9 x 10–18  [Hz], but needs to be determined more accurately for 

this EMRW model. The Hubble mass and density also contain the Newton constant “G”. For more 

detailed information, read our book “Repairing Robertson-Walker’s Solution”, repairing Einstein’s 

Relativity for Noether’s theorems. Note that the density is about 20 times higher than current 

estimates without dark energy and matter, but about the same if you include dark energy and dark 

matter in the FLRW model. Our EMRW model does not include dark energy and contains a lot less 

(if any) dark matter. 

 

What lies beneath our universe? 

We live surrounded by 3D space, but we are at the edge of time: “now”. If you listen to Minkowski, 

then you understand that inside of our space-time 3-sphere lies the past and that the future lies 

outside of our current 3-sphere. A beautiful, elegant model, confirmed by all observations. The 

benefit of thinking space-time is understanding the universe! 

 

What is the age of the universe? 

Measured in our current unit second, the age of the universe is about eleven billion years old. 

However, on a real cesium clock, that is a cesium clock corrected for cosmic inflation, the universe 

is infinitely old! Therefore, the Big Bang recedes to infinitely long ago, there was no “shortly after 

the Big Bang”. The Big Bang was no explosion, it is an observed horizon. The better name for the 

eleven billion year in the past in your own units is the “Hubble Horizon”. 

 

Going back in time, all observers will always see the horizon at the same time distance (1 / H), but 

measured in their smaller unit second! This is like sailing towards a barrel at the horizon. You can 
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reach the barrel, but the horizon remains at the same distance. The Hubble Horizon was, is, and will 

always be about eleven billion years in the cosmic past, “comoving space-time coordinates”! 

 

More information? 

Our three books (www.loop-doctor.nl) describe the repair of Einstein’s Relativity for Noether’s 

theorem1 in full detail. We hope you get as many “aha” experiences as we did, 

 

Rob Roodenburg (MSc. author), Frans de Winter (MSc. coauthor), Oscar van Duijn (MSc. 

coauthor), Maarten Palthe (MSc. editor). Schiedam, September, 2019 

                                                                 
1 Noether E. “Invariant variation problems” translated by Tavel M. TTSP 1971 p. 186-207 


