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One Theory Fits All—from the Very Distant to the Very Small 1 

Markolf H. Niemz  Heidelberg University, Theodor-Kutzer-Ufer 1–3, 68167 Mannheim, Germany 2 
Correspondence: markolf.niemz@medma.uni-heidelberg.de 3 

Special and general relativity (SR/GR) work for observers, but they do not provide diagrams of nature 4 
that work for all observers. This is because they do not describe nature as an absolute manifold, where 5 
all action is due to an absolute parameter. We show: Euclidean relativity (ER) achieves precisely that. 6 
It describes a mathematical Master Reality, which is absolute 4D Euclidean space (ES). All objects move 7 
through ES at the dimensionless speed 𝐶. There is no time coordinate in ES. All action in ES is due to 8 
an absolute, external evolution parameter 𝜃. In addition, ER describes an observer’s physical reality. 9 
He experiences two projections from ES as space and time: The axis of his current 4D motion is his 10 
proper time 𝜏. Three orthogonal axes make up his 3D space 𝑥!, 𝑥", 𝑥#. Without gravity, his reality is 11 
the Minkowskian reassembly of his axes 𝑥!, 𝑥", 𝑥#, 𝜏. In this 𝜏-based Minkowskian spacetime (𝜏-MS), 12 
𝜏 is the time coordinate and 𝜃 converts to parameter time 𝜗. Minkowski spacetime and 𝜏-MS are 13 
mathematically identical. Thus, ER retains the SR formalism. ER also retains the GR formalism, but 14 
only locally (𝜏 defines a specific physical reference frame). The Einstein field equations hold true in 15 
physical realities, but not in ES. ER reproduces both the Lorentz factor and gravitational time dilation. 16 
ER rejects cosmic inflation, expanding space, dark energy, and non-locality. Nevertheless, ER predicts 17 
time’s arrow, galactic motion, the Hubble tension, and entanglement. Thus, ER significantly improves 18 
cosmology and quantum mechanics. We conclude: ER is indispensable for unifying physics. 19 

Keywords: cosmology; spacetime; special relativity; general relativity; Hubble tension; dark energy 20 

Clocks measure proper time 𝜏. There are two ways to interpret proper time: In special and 21 
general relativity (SR/GR) [1, 2], 𝜏 can be used to parameterize an object’s worldline in 22 
spacetime. In Euclidean relativity (ER), 𝜏 is the time coordinate of spacetime. ER provides 23 
observer-independent diagrams of nature. There are no such diagrams in SR/GR. 24 

Why do we need ER? SR/GR work for observers, but physics is more than just observ- 25 
ing. We need ER to describe (a) cosmic homogeneity, (b) very distant objects (high-redshift 26 
supernovae), and (c) entanglement. To understand these phenomena, a 4D Euclidean vec- 27 
tor “flow of proper time” must be taken into account. For instance, entangled objects have 28 
never been separated spatially from their perspective, but their proper time flows in op- 29 
posite 4D directions. What is the key message of ER? There is a mathematical reality beyond 30 
all physical realities. Does ER make quantitative predictions? Yes, ER predicts the ten percent 31 
discrepancy in the published values of the Hubble constant (see Sect. 5.10). 32 

Request to all readers: Take these five pieces of advice to heart. Top journals ignored 33 
them. (1) Do not apply the concepts of SR/GR to ER. The only standards for a scientific theory 34 
are its own concepts and empirical facts. (2) Do not play SR/GR off against ER. ER provides 35 
relevant information that is not available in GR. (3) Do not reject ER because it goes beyond an 36 
observer’s reality. ER is a physical theory because it predicts what we observe. (4) Be curious. 37 
New coordinates can unlock new insights. In SR/GR, coordinates are merely labels that can 38 
be adjusted to simplify computations. In ER, coordinates are inherent properties of objects. 39 
They cannot be adjusted because they refer to absolute 4D Euclidean space. (5) Be fair. One 40 
paper cannot cover all of physics. Future papers can build upon our work. 41 
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1. Introduction 42 
The concepts of space and time in today’s physics were coined by Albert Einstein. In SR, 43 
a flat spacetime is described by the Minkowski metric. The geometric framework for SR is 44 
Minkowski spacetime [3]. The muon lifetime [4] is an example that supports SR. In GR, a 45 
curved spacetime is described by the Einstein tensor. The deflection of starlight [5] and the 46 
accuracy of GPS [6] are two examples that support GR. Quantum field theory [7] unifies 47 
classical field theory, SR, and quantum mechanics (QM), but not GR. 48 

Newburgh and Phipps [8] pioneer ER. Montanus [9, 10] adds a restriction: He consid- 49 
ers a preferred reference frame in which a pure time interval is a pure time interval for all 50 
observers (see page 351 of [9]). By doing so, he deprives ER of its key feature: full symmetry 51 
in all four axes. Montanus claims (see page 17 of [11]): The preferred frame avoids “distant 52 
collisions” (without physical contact) and a character paradox (confusion of photons, par- 53 
ticles, antiparticles). Our formulation of ER does not prefer any frame. There are no distant 54 
collisions: Only three axes are experienced as spatial. There is no character paradox: Char- 55 
acters manifest themselves in physical realities only. Montanus [10] derives the deflection 56 
of starlight and the precession of Mercury’s perihelion. He even tries to derive Maxwell’s 57 
equations in 4D Euclidean space [11], but fails because of its SO(4) symmetry. 58 

Almeida [12] analyses geodesics in 4D Euclidean space. Gersten [13] shows that the 59 
Lorentz transformation is an SO(4) rotation in a mixed space 𝑥!, 𝑥", 𝑥#, 𝑡$, where 𝑡$ is the 60 
Lorentz transform of 𝑡. There is also a website about ER: https://euclideanrelativity.com. 61 
Previous formulations of ER [8–13] merely rearrange the Minkowski metric of SR to give 62 
it a Euclidean appearance. Here we propose three steps to make ER work: (1) There is a 63 
mathematical Master Reality beyond all physical realities. (2) An observer experiences two 64 
projections from the Master Reality as space and time. (3) Without gravity, an observer’s 65 
physical reality is the Minkowskian reassembly of his space and his time. 66 

To date, ER has been rejected for various reasons: (a) GR has been confirmed over and 67 
over again. (b) There seem to be paradoxes in ER. (c) ER does not yet reproduce all of GR’s 68 
predictions. Physics is at a turning point: (a) No theory is set in stone. (b) Projections avoid 69 
paradoxes. (c) ER is a new, promising theory, while SR/GR have been tested for 100+ years. 70 
Thus, SR/GR naturally have a head start. If this were a fair argument for rejecting ER, then 71 
GR would also have to be rejected until GR-based cosmology reproduces all of ER’s pre- 72 
dictions, such as the Hubble tension. The same standards apply to all theories. 73 

It is instructive to compare three settings for describing motion. In Newton’s physics, 74 
all objects move through 3D Euclidean space as a function of time. There is no speed limit. 75 
In Einstein’s physics, all objects move through 4D non-Euclidean spacetime as a function of 76 
an internal parameter. The speed limit is 𝑐. In Euclidean relativity, all objects move through 77 
4D Euclidean space as a function of an external parameter. The 4D speed of everything is 78 
dimensionless 𝐶. Einstein’s physics reduces to Newton’s physics when the speeds are very 79 
low and the gravitational fields are very weak. ER reduces to Einstein’s physics when we 80 
restrict our description of nature to the perspectives of observers. 81 

2. Coordinate Time and Its Shortcomings 82 
In § 1 of SR [1], Einstein considers a reference frame “in which the equations of Newton’s 83 
physics apply” (to a first approximation). If an object is at rest in this frame, its position in 84 
3D space is determined using rigid rods and a 3D Euclidean geometry. If we also want to 85 
describe an object’s motion, we have to define time. Einstein gives an instruction on how 86 
to synchronize clocks at the points P and Q. At a coordinate time 𝑡%, a light signal is sent 87 
from P to Q. At 𝑡&, it is reflected at Q. At 𝑡%∗ , it is back at P. The clocks synchronize if 88 
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𝑡& 	− 	𝑡% 		= 		 𝑡%∗ 	− 	𝑡& . (1) 89 
 90 
In § 3 of SR, Einstein derives the Lorentz transformation. The coordinates 𝑥!, 𝑥", 𝑥#, 𝑡 91 

of an event in a system K are transformed to the coordinates 𝑥!$ , 𝑥"$ , 𝑥#$ , 𝑡$ in K’ by 92 
 93 

𝑥!$ 		= 		𝛾	(𝑥! 	− 	𝑣!	𝑡) ,     𝑥"$ 		= 		 𝑥" ,     𝑥#$ 		= 		 𝑥# , (2a) 94 
 95 

𝑡$ 		= 		𝛾	(𝑡	 −	𝑣!	𝑥!/𝑐") , (2b) 96 
 97 

where K’ moves relative to K in 𝑥! at the constant speed 𝑣! and 𝛾 = (1 − 𝑣!"/𝑐")().+ is 98 
the Lorentz factor. Eqs. (2a–b) transform the coordinates from K to K’. Covariant equations 99 
transform the coordinates from K’ to K. The metric of Minkowski spacetime is 100 

 101 
𝑐"	d𝜏" 		= 		 𝑐"	d𝑡" 	− 	d𝑥!" 	− 	d𝑥"" 	− 	d𝑥#" , (3) 102 

 103 
where d𝜏 is an infinitesimal change in the invariant 𝜏, and all d𝑥, (𝑖 = 1, 2, 3) and d𝑡 are 104 
infinitesimal distances in coordinate space 𝑥!, 𝑥", 𝑥# and coordinate time 𝑡. Minkowski 105 
spacetime 𝑥!, 𝑥", 𝑥#, 𝑡 is a construct because 𝑡 is a man-made concept: 𝑡 is a label that is 106 
not inherent in clocks. In GR, 𝑡 retains its function as a label. We identify four shortcom- 107 
ings of 𝑡: (1) SR/GR work for observers, but they do not provide diagrams of nature that 108 
work for all observers. (2) GR-based cosmology fails to predict time’s arrow and the Hub- 109 
ble tension. Other empirical facts are predicted, but only by postulating highly speculative 110 
concepts (cosmic inflation, expanding space, dark energy). (3) 𝑡-based QM postulates an- 111 
other highly speculative concept (non-locality). (4) GR is incompatible with QM. 112 

SR/GR provide a “multi-egocentric description” (definition: nature is described as a 113 
relative manifold). Coordinate-free formulations of SR/GR [14, 15] still lack absolute space 114 
and absolute time. ER provides a “universal description” (definition: nature is described 115 
as an absolute manifold). Physics has paid a very high price for sticking to coordinate time: 116 
ER predicts empirical facts (see Sect. 5) without postulating highly speculative concepts. 117 
On top, ER predicts time’s arrow and the Hubble tension. Thus, the shortcomings are real. 118 
Michelson and Morley [16] refute the “aether” (absolute 3D space), but they do not refute 119 
absolute 4D space embedding countless 3D spaces with relative orientations. 120 

SR/GR do not make false predictions. The shortcomings have much in common with 121 
the shortcomings of geocentrism: SR/GR require unnecessary concepts and cannot explain 122 
all observations. In the old days, it was believed that all celestial bodies orbited Earth. Only 123 
astronomers wondered about the retrograde loops of planets and claimed: Earth orbits the 124 
sun! Nowadays, it is believed that the universe is expanding. It is our turn to wonder: What 125 
could the universe expand into? The standard answer is: The universe is expanding by creat- 126 
ing new space within itself. Since spacetime is a 4D entity, time would also have to expand, 127 
but the Friedmann–Lemaître–Robertson–Walker (FLRW) metric [17] scales only the space 128 
components. Physics is at an impasse and struggles to break new ground. 129 

The analogy between geocentrism and multi-egocentrism in SR/GR is not perfect, but 130 
it fits well: (1) After taking another planet as the center or after a transformation in SR/GR, 131 
the description is still geocentric or else egocentric. (2) Retrograde loops make geocentrism 132 
work, but heliocentrism can do without them. Dark energy and non-locality make cosmol- 133 
ogy and QM work, but ER can do without them. (3) Heliocentrism is not centered in Earth. 134 
ER is not centered in observers. (4) Heliocentrism overcomes geocentrism. ER overcomes 135 
multi-egocentrism. (5) Geocentrism was a dogma in the old days. SR/GR are dogmata now- 136 
adays. One may ask: Didn’t physics learn from history? Does history repeat itself? 137 
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3. The Physics of Euclidean Relativity 138 
Einstein merges 3D Euclidean space and coordinate time into a non-Euclidean spacetime. 139 
This step has far-reaching consequences because it also affects GR. There is an alternative 140 
description of nature that omits coordinate time 𝑡. Here is how we proceed: To determine 141 
an object’s position in an observer’s 3D space, we use the same rigid rods and the same 3D 142 
geometry (Euclidean geometry) as in SR. Regarding the time coordinate, we do not use 𝑡, 143 
but the proper time 𝜏 measured by clocks. That is, we do not construct time. 144 

The ER postulates: (1) All objects move through 4D Euclidean space (ES) at the dimension- 145 
less speed 𝐶. There is no time coordinate in ES. All action in ES is due to an absolute, exter- 146 
nal “evolution parameter” 𝜃. An observer experiences two orthogonal projections [18, 19] 147 
from ES as space and time: The axis of his current 4D motion is his proper time 𝜏. Three 148 
orthogonal axes make up his 3D space 𝑥!, 𝑥", 𝑥#. (2) The laws of physics have the same form in 149 
the physical realities of observers who move uniformly through ES. Without gravity, an observer’s 150 
physical reality is the Minkowskian reassembly of his 3D space and his proper time (see 151 
below). Observing is synonymous with projecting ES onto his reality. His 3D space is the 152 
same in SR and ER (Euclidean 3D space). Our first postulate is stronger than the second 153 
SR postulate: 𝐶 is absolute and universal. Our second postulate refers to physical realities. 154 
Variational principles [20] could be another way to derive ER. The metric of ES is 155 

 156 
𝐶"	d𝜃" 		= 		d𝑋!" 	+ 	d𝑋"" 	+ 	d𝑋#" 	+ 	d𝑋-" , (4) 157 

 158 
where d𝜃 is an infinitesimal change in the invariant 𝜃, and all d𝑋. (𝜇 = 1, 2, 3, 4) are in- 159 
finitesimal distances in ES. We prefer the four indices 1–4 to 0–3 to emphasize the SO(4) 160 
symmetry of ES. We fit ER to experimental data by setting 𝐶 = 299	792	458. We define an 161 
object’s 4D Euclidean vector “proper velocity” 𝑼 in ES. Its four components 𝑈. = d𝑋./d𝜃 162 
are “proper speed”. Thus, Eq. (4) is equivalent to our first postulate. 163 

 164 
𝑈!" 	+ 	𝑈"" 	+ 	𝑈#" 	+ 	𝑈-" 		= 		 𝐶" . (5) 165 

 166 
ES is a mathematical reality: 𝐶, 𝜃, 𝑋., and 𝑈. (𝜇 = 1, 2, 3, 4) are dimensionless. Every 167 

object is free to label the axes of its reference frame in ES. We consider two objects “r” (red) 168 
and “b” (blue). We may assume that “r” (or “b”) labels the axis of its current 4D motion as 169 
𝑋- (or else 𝑋-$ ) and three orthogonal axes as 𝑋!, 𝑋", 𝑋# (or else 𝑋!$ , 𝑋"$ , 𝑋#$ ). According to 170 
our first postulate, “r” (or “b”) always moves in the 𝑋- (or else 𝑋-$ ) axis at the speed 𝐶. 171 
Because of length contraction at the speed 𝐶 (see Sect. 4), “r” does not experience 𝑋- as 172 
space, but as what we call “time”. “r” experiences 𝑋!, 𝑋", 𝑋# as space. If an object’s world- 173 
line in ES is curved, all four axes continuously adapt to the current curvature. 174 

To accomplish the transition from ES to an observer’s physical reality, we add SI units 175 
to 𝑋!, 𝑋", 𝑋#, 𝑋-, thus obtaining 𝑥!, 𝑥", 𝑥#, 𝑥-. Then, we reassemble the axes 𝑥!, 𝑥", 𝑥#, 𝑥- in a 176 
Minkowski way (we assign opposite signs to space and time in the metric) to form 𝜏-based 177 
Minkowskian spacetime 𝑥!, 𝑥", 𝑥#, 𝜏 (𝜏-MS) with 𝜏 = 𝑥-/𝑐. The adjective “Minkowskian” 178 
refers to the metric. In 𝜏-MS, 𝜏 is the time coordinate and 𝜃 converts to “parameter time” 179 
𝜗. An observer does not experience ES, but 𝜏-MS. The metric of 𝜏-MS is 180 

 181 
𝑐"	d𝜗" 		= 		 𝑐"	d𝜏" 	− 	d𝑥!" 	− 	d𝑥"" 	− 	d𝑥#" , (6) 182 

 183 
which differs from Eq. (3) only in that 𝜏 is replaced by 𝜗, and 𝑡 is replaced by 𝜏. In 𝜏-MS, 184 
𝑐 = 299	792	458	m/s. The following conversions apply to the quantities in 𝜏-MS. 185 
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𝜗		 = 		𝜃 in seconds (s) , (7a) 186 
 187 

𝑥. 		= 		𝑋. (𝜇 = 1, 2, 3, 4) in light seconds (Ls) . (7b) 188 
 189 
The metrics in Eqs. (3) and (6) have the same form. We conclude: Minkowski spacetime 190 

and 𝜏-MS are mathematically identical. Thus, ER retains the SR formalism, but 𝜏 is the time 191 
coordinate and 𝜗 is the parameter. In particular, Maxwell’s equations retain their form in 192 
𝜏-MS. Eqs. (8a–d) show Maxwell’s equations in the new time coordinate 𝜏. 193 

 194 
∇𝑬		 = 		𝜌/𝜀) , (8a) 195 

 196 
∇𝑩		 = 		0 , (8b) 197 

 198 
∇ × 𝑬		 = 		−	𝜕𝑩/𝜕𝜏 , (8c) 199 

 200 
∇ × 𝑩		 = 		 𝜇)	(𝑱 + 𝜀)	𝜕𝑬/𝜕𝜏) , (8d) 201 

 202 
where 𝑬 is the electric field, 𝑩 is the magnetic field, 𝜌 is the electric charge density, 𝜀) 203 
is the vacuum permittivity, 𝜇) is the vacuum permeability, and 𝑱 is the current density. 204 
The great advantage of mathematics is that derived equations also retain their form when 205 
a variable is replaced. Thus, the wave equation for the electric field in 𝜏-MS is 206 

 207 
𝜕"𝑬/𝜕𝜏" 	− 	𝑐"	∆𝑬		 = 		0 , (9a) 208 

 209 
∆			= 		 𝜕" 𝜕𝑥!"⁄ 	+	𝜕" 𝜕𝑥""⁄ 	+	𝜕" 𝜕𝑥#"⁄ 	 .	 (9b)	 210 

 211 
ER describes two realities: a mathematical reality and an observer’s physical reality. 212 

Without gravity, the latter is 𝜏-MS. Note that the SO(4) symmetry of ES is not compatible 213 
with waves, while the SO(1,3) symmetry of 𝜏-MS is. Thus, waves exist in physical realities 214 
only. How do we synchronize clocks in ER? We do not synchronize clocks in ER. They meas- 215 
ure proper time by themselves! An object’s 𝜏 flows in the direction of its 4D motion. Thus, 216 
it makes sense to define a 4D Euclidean vector “flow of proper time” 𝑻. 217 

 218 
𝑻		 = 		𝑼/𝐶 . (10) 219 

 220 
𝜏-MS is not a construct because proper time 𝜏 is a natural concept: 𝜏 is inherent in 221 

clocks. The internal clocks of all objects, such as biological clocks, measure proper time 𝜏. 222 
In SR, the coordinates are 𝑥!(𝜏), 𝑥"(𝜏), 𝑥#(𝜏), 𝑡(𝜏), where 𝑡 is a man-made concept of time 223 
and 𝜏 serves as an internal parameter. In ER, the coordinates are 𝑥!(𝜗), 𝑥"(𝜗), 𝑥#(𝜗), 𝜏(𝜗), 224 
where 𝜏 is a natural concept of time and 𝜗 serves as an external parameter. 225 

It is instructive to compare 𝜃, 𝜗, and 𝜏. The evolution parameter 𝜃 is the invariant in 226 
ES and thus absolute. In ES, clocks are odometers that display 𝜃. Parameter time 𝜗 is the 227 
invariant in 𝜏-MS and thus absolute. Proper time 𝜏 is the time axis in 𝜏-MS. An observer 228 
experiences projections only: Every clock measures its proper time 𝜏$, but this 𝜏$ is pro- 229 
jected onto his time axis 𝜏. Thus, every clock displays 𝜏 (not 𝜏$) in his 𝜏-MS. A clock can 230 
display different values in ES and 𝜏-MS because the projections contract all traveled distances. An 231 
observer does not move in his axes 𝑥!, 𝑥", 𝑥#. Thus, his clock displays 𝜏 and 𝜗. Since Min- 232 
kowski spacetime and 𝜏-MS are mathematically identical, Eqs. (3) and (6) give us 233 
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d𝜗		 = 		d𝑡     (if spacetime is Minkowskian). (11) 234 
 235 
Remarks: (1) Mathematically, ES is a 4D Euclidean manifold. Physically, three axes of 236 

ES are experienced as spatial and one as temporal. (2) ES is not observable. However, ES 237 
diagrams give us an idea of how objects (clocks, rockets) move through ES. (3) Parameter 238 
time 𝜗 is not a fifth dimension. In SR/GR, the parameter 𝜏 is not a fifth dimension either. 239 
(4) In the standard notation of SR/GR, time is always the first (or fourth) coordinate. The 240 
same applies to 𝜏-MS, but any one axis of ES can be the preimage of the time axis in 𝜏-MS. 241 
The variable preimage of the time axis justifies the 4D vector 𝑻, which is missing in SR/GR. 242 
(5) Do not confuse ER with a Wick rotation [21], where 𝜏 is the parameter. 243 

We consider two clocks “r” and “b” that move uniformly through 3D space. In SR, “r” 244 
moves in the 𝑐𝑡 axis. “b” moves at the speed 𝑣! = 0.6	𝑐. Fig. 1 left shows that instant when 245 
both clocks moved 1.0 Ls in 𝑐𝑡. “b” moved 0.8 Ls in 𝑐𝑡$. Thus, “b” displays “0.8”. In ER, “r” 246 
moves in the 𝑋- axis. “b” moves at the speed 𝑈! = 0.6	𝐶. Fig. 1 right shows that instant 247 
when 1.0 has elapsed in the parameter 𝜃 since both clocks left the origin of the diagram. 248 
“r” moved 1.0 Ls in 𝑐𝜏. Thus, “r” displays “1.0” in the reality of “r”. “b” moved 0.8 Ls in 249 
𝑐𝜏 and 1.0 Ls in 𝑐𝜏$. Thus, “b” displays “0.8” in the reality of “r” and “1.0” in the reality of 250 
“b” (not shown). Red digits on “b” indicate that “b” is read in the reality of “r”. 251 

 252 
Fig. 1 Minkowski diagram and ES diagram of two uniformly moving clocks. Left: “b” is slow with 253 
respect to “r” in 𝑡$. Coordinate time is relative (“b” is at different positions in 𝑡 and 𝑡$). Right: “b” is 254 
slow with respect to “r” in 𝑋%. The evolution parameter is absolute (both clocks are at 𝜃 = 1.0) 255 

We assume that observer R (or B) moves with clock “r” (or else “b”). In SR and only 256 
for R (“b” measures 𝜏$ and not 𝑡$), B is at 𝑐𝑡$ = 0.8	Ls when R is at 𝑐𝑡 = 1.0	Ls (see Fig. 257 
1 left). Thus, “b” is slow with respect to “r” in 𝑡$. In ER and independently of observers, B is at 258 
𝑋- = 0.8 when R is at 𝑋- = 1.0 (see Fig. 1 right). Thus, “b” is slow with respect to “r” in 𝑋-. 259 
In SR and ER, “b” is slow with respect to “r”, but time dilates in different axes. Experiments 260 
do not reveal in which axis a clock is slow. If “b” reverses its 𝑥! motion at 𝑥! = 0.6	Ls, it 261 
hits “r” at 𝑥! = 0. In this instant (not shown), “r” and “b” display “2.0” in ES. However, 262 
“r” displays “2.0” and “b” displays “1.6” in the reality of “r”. This twin paradox is resolved 263 
in the same way as in SR: “b” experienced a deceleration and an acceleration. 264 

ES is absolute. According to our definition in Sect. 2, the description in ER is universal. 265 
Why is it beneficial? R and B experience different axes as temporal. This is why Fig. 1 left 266 
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works for R only. In SR, a second Minkowski diagram is required for B, in which the axes 267 
𝑥!$  and 𝑐𝑡$ are orthogonal. Here the description is multi-egocentric. Physicists do not care that 268 
two diagrams are required because there is no simultaneity (no “at once”) for these two 269 
observers in SR. In ER, Fig. 1 right works for R and for B “at once” (at the same 𝜃 = 1.0). 270 
Not only are the axes 𝑋! and 𝑋- orthogonal, but also the axes 𝑋!$  and 𝑋-$ . ES diagrams 271 
are observer-independent Master Diagrams of nature. They show a mathematical Master 272 
Reality beyond all physical realities. Here the description is universal. Master Diagrams can 273 
be projected onto any observer’s reality. This is a huge benefit (see Sect. 5). 274 

4. Relativistic Effects and Field Equations 275 
We consider two rockets “r” and “b” that move uniformly through ES. Observer R (or B) 276 
is in the rear end of “r” (or else “b”). R (or B) experiences 𝑋!, 𝑋", 𝑋# (or else 𝑋!$ , 𝑋"$ , 𝑋#$ ) as 277 
his 3D space. R (or B) experiences 𝑋- (or else 𝑋-$ ) as his proper time. Both rockets start at 278 
the same point P and at the same 𝜃. They move relative to each other at the constant speed 279 
𝑈!. The ES diagrams in Fig. 2 must satisfy our two postulates and the two initial conditions 280 
(same P, same 𝜃). This is achieved by rotating the red and blue frames against each other. 281 
In ES diagrams, objects retain proper length. For better readability, a rocket’s width is drawn 282 
in 𝑋- (or 𝑋-$ ) although it should be drawn in 𝑋" and 𝑋# (or else 𝑋"$  and 𝑋#$ ). 283 

 284 
Fig. 2 ES diagrams of two uniformly moving rockets. Observer R (or B) is in the rear end of “r” (or 285 
else “b”). Top left and right: “r” and “b” move at the speed 𝐶, but in different 4D directions. The ES 286 
diagrams are identical. Bottom left: In the projection onto the 3D space of R, “b” contracts to 𝐿&,(. 287 
Bottom right: In the projection onto the 3D space of B, “r” contracts to 𝐿),* 288 

Up next, we show: Projecting distances in ES onto the axes 𝑋! and 𝑋- causes length 289 
contraction and time dilation. Let 𝐿/,1 (or 𝐿/,2) be the length of rocket “b” for observer R 290 
(or else B). In a first step, we project 𝐿/,2 onto the 𝑋! axis (see Fig. 2 left). 291 

 292 
sin" 𝜑	+	cos" 𝜑 		= 		 (𝑈!/𝐶)" 	+ 	(𝐿/,1/𝐿/,2)" 		= 		1 , (12) 293 

 294 
𝐿/,1 		= 		 𝛾31(!	𝐿/,2     (length contraction), (13) 295 

 296 
where 𝛾31 = (1 − 𝑈!"/𝐶")().+ has the same form as 𝛾 in SR. 𝛾31 = 𝛾 if 𝑈!/𝐶 = 𝑣!/𝑐. The 297 
numerical values of 𝐶 and 𝑐 are equal. From 𝑈! = d𝑋!/d𝜃, 𝑣! = d𝑥!/d𝑡, and Eqs. (7a–b), 298 
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we derive: 𝑈!/𝐶 = 𝑣!/𝑐 if d𝜗 = d𝑡. According to Eq. (11), d𝜗 = d𝑡 if spacetime is Min- 299 
kowskian. Since “r” and “b” move uniformly, they experience a Minkowskian spacetime. 300 
We conclude: ER reproduces the Lorentz factor. Orthogonal projections are not injective. Thus, 301 
ES is the Master Reality. In a second step, we project B’s motion onto the 𝑋- axis. 302 

 303 
sin" 𝜑	+	cos" 𝜑 		= 		 (𝑈!/𝐶)" 	+ 	(𝑋-,2/𝑋-,2$ )" 		= 		1 , (14) 304 

 305 
𝑋-,2 		= 		 𝛾31(!	𝑋-,2$  , (15) 306 

 307 
where 𝑋-,2 (or 𝑋-,2$ ) is the distance that B traveled in 𝑋- (or else 𝑋-$ ). With 𝑋-,2$ = 𝑋-,1 (R 308 
and B travel the same distance in ES, but in different 4D directions), we calculate 309 

 310 
𝑋-,1 		= 		 𝛾31	𝑋-,2     (time dilation), (16) 311 

 312 
where 𝑋-,1 is the distance that R traveled in 𝑋-. Eqs. (13) and (16) tell us: ER reproduces 313 
length contraction and time dilation. Can R observe distances in 𝑋-? We rotate “b” until it 314 
serves as a ruler in 𝑋-. In the 3D space of R, this ruler contracts to zero length: The 𝑋- axis 315 
disappears because of length contraction at the speed 𝐶. Our rockets serve as an example. 316 
To calculate the lifetime of a muon, we replace “b” with a muon and apply Eq. (16). 317 

We now transform the coordinates of R (unprimed) to the ones of B (primed). R cannot 318 
measure the proper time 𝜏$ ticking for B, and vice versa, but we can calculate 𝜏$ from ES 319 
diagrams. Fig. 2 right tells us how to calculate the 4D motion of R in the coordinates of B. 320 
The transformation is shown in Eqs. (17a–b). It is a Euclidean 4D rotation by the angle 𝜑. 321 
Adding multiple rotations does not violate Einstein’s relativistic addition of velocities. In 322 
SO(4), 4D rotations are additive. In SO(1,3), velocities are not additive. 323 

 324 
𝑋!,1$ (𝜃) 		= 		𝑋-,1(𝜃)	sin𝜑 		= 		𝑋-,1(𝜃)		𝑈!/𝐶 , (17a) 325 

 326 
𝑋-,1$ (𝜃) 		= 		𝑋-,1(𝜃)	cos𝜑 		= 		𝑋-,1(𝜃)		𝛾31(! . (17b) 327 

 328 
Up next, we show: ER predicts the same gravitational time dilation as GR. We assume 329 

that initially our clocks “r” and “b” are very far away from Earth (see Fig. 3). Eventually, 330 
“b” falls freely toward Earth. “r” and Earth keep on moving in the 𝑋- axis. 331 

 332 
Fig. 3 ES diagram of two clocks and Earth. “b” falls freely toward Earth. It experiences gravity as an 333 
acceleration of everything else. Its 𝑋%$  axis is curved because 𝑋%$  indicates its current 4D motion 334 
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Because of Eq. (5), all accelerations in ES are transversal: The speed 𝑈!,/ of clock “b” 335 
in 𝑋! increases at the expense of its speed 𝑈-,/ in 𝑋-. We make two reasonable assump- 336 
tions: (1) The field equation in ES is Poisson’s equation. (2) Energy is conserved in ES. The first 337 
assumption is reasonable because there is no time coordinate in ES. In particular, “action 338 
at a distance” is not a problem: Information is instantaneous in ES. Only in an observer’s 339 
spacetime does the time coordinate 𝜏 cause a delay. The second assumption is reasonable 340 
because no energy is gained or lost when projecting ES. The field equation in ES is 341 

 342 
∆𝛷		 = 		4𝜋𝐺𝜌     (Poisson’s equation), (18) 343 

 344 
where 𝛷 is the gravitational potential, 𝐺 is the gravitational constant, and 𝜌 is the mass 345 
density in a considered volume. Note that 𝛷, 𝐺, and 𝜌 are dimensionless quantities. We 346 
now interpret Earth as a dimensionless point mass 𝑀34567. In this case, Poisson’s equation 347 
is solved by Newton’s gravitational potential, as in classical mechanics. 348 

 349 
𝛷		 = 		−	𝐺𝑀34567/𝑅 , (19) 350 

 351 
where 𝑅 is the distance of “b” to Earth in the 𝑋! axis. 𝛷 follows a 1/𝑅 law because ES 352 
is projected onto an observer’s 3D space. Relativistic effects are caused by projecting ES. 353 
There are no relativistic effects in ES. Thus, the kinetic energy of “b” in the 𝑋! axis is the 354 
same as in classical mechanics. Our second assumption and Eq. (5) give us 355 

 356 
!
"
𝑀/𝑈!,/" 		= 		𝐺𝑀/𝑀34567/𝑅     (conservation of energy), (20) 357 

 358 
𝑈-,/" 		= 		 𝐶" 	− 	𝑈!,/" 		= 		 𝐶" 	− 	2𝐺𝑀34567/𝑅 , (21) 359 

 360 
where 𝑀/ is the mass of “b”. Adding a third assumption (𝑈-,//𝐶 = 𝑣-,//𝑐) gives us 361 

 362 
𝑣-,/" 		= 		 𝑐" 	− 	2𝑐"𝐺𝑀34567/𝑅𝐶" . (22) 363 

 364 
where 𝑣-,/ is the speed of “b” in the time axis of “r”. With the two speeds 𝑣-,/ = d𝑥-,//d𝜗 365 
and 𝑐 = d𝑥-,5/d𝜗, we calculate from Eq. (22) 366 

 367 
d𝑥-,/" 		= 		 (𝑐" 	− 	2𝑐"𝐺𝑀34567/𝑅𝐶")	(d𝑥-,5/𝑐)" , (23) 368 

 369 
d𝑥-,5 		= 		 𝛾8549	d𝑥-,/     (gravitational time dilation), (24) 370 

 371 
where 𝛾8549 = (1 − 2𝐺𝑀34567/(𝑅𝐶"))().+ has the same form as in GR. Since we assumed 372 
𝑈-,//𝐶 = 𝑣-,//𝑐 in Eq. (22), the same reasoning applies as in our calculation of the Lorentz 373 
factor: 𝑈-,//𝐶 = 𝑣-,//𝑐 if d𝜗 = d𝑡. According to Eq. (11), d𝜗 = d𝑡 if spacetime is Minkow- 374 
skian. Spacetime in GR is locally Minkowskian. We conclude: ER reproduces gravitational 375 
time dilation, but only locally. We showed that ER reproduces both factors 𝛾 and 𝛾8549. Thus, 376 
the Hafele–Keating experiment [22] does not only support SR/GR, but also ER. 377 

What do the Einstein field equations (EFE) look like in ER? The EFE are tensor equations 378 
[23]. They are coordinate-invariant. In particular, they hold true in any valid, smooth, and 379 
invertible coordinate system, including those systems that use an observer’s proper time 380 
𝜏 as the time coordinate. Thus, the EFE hold true in his physical reality, but not in ES. Even 381 
in GR, 𝜏 is sometimes used as the time coordinate. Comoving observers [24] or collapsing 382 
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stars [25] are two examples. Clocks measure proper time 𝜏. Using 𝜏 as the time coordinate 383 
of spacetime makes the metric locally Minkowskian. In GR, the EFE are 384 

 385 
𝐺.: + 	Λ𝑔.: 		= 		8𝜋𝐺𝑇.:/𝑐- , (25) 386 

 387 
where 𝐺.: is the Einstein tensor, Λ is the cosmological constant, 𝑔.: is the metric tensor, 388 
and 𝑇.: is the stress–energy tensor. If we use an observer’s 𝜏 as the time coordinate, the 389 
EFE hold true, but only locally (𝜏 defines a specific physical reference frame). In this case, 390 
the time component of the metric tensor is 𝑔)) = +1 or else −1, depending on the signa- 391 
ture. Thus, gravity curves an observer’s spacetime in GR and ER. However, there is a catch: 392 
𝜏 is a local quantity. In a gravitational field, clocks cannot be synchronized in 𝜏. Since we 393 
do not synchronize clocks in ER (see Sect. 3), the catch becomes irrelevant. We may trust 394 
that clocks measure proper time. We conclude: ER retains the GR formalism, but only locally. 395 
Both GR and ER have advantages and disadvantages: In GR, the EFE are universal, but the 396 
diagrams are observer-specific. In ER, the diagrams are universal, but the EFE are observer- 397 
specific. Which disadvantage is worse? Sect. 5 tells us: Universal diagrams are indispensable. 398 
We will not discuss the EFE in more detail, as they are not required in Sect. 5. 399 

ER also predicts gravitational waves [26]. In GR, a weak field allows us to decompose 400 
the metric into a flat Minkowski metric 𝜂.: plus a small perturbation ℎ.: [15, 27]. 401 

 402 
𝑔.: 		= 		 𝜂.: +	ℎ.:     (with bℎ.:b ≪ 1). (26) 403 

 404 
Since 𝜂.: is Minkowskian and coordinate time 𝑡 is only a label, we can again use an 405 

observer’s 𝜏 as the time coordinate. In fact, it has been shown that 𝜏 relates the mathe- 406 
matical perturbation of spacetime to observable quantities, such as the strain in an inter- 407 
ferometer [28]. ER supports the idea that gravity is carried by gravitons [29] and manifests 408 
itself as waves in spacetime, but further studies on this topic are required. 409 

Fig. 4 teaches us how to read ES diagrams. Problem 1: A rocket moves along a guide 410 
wire. We assume that the wire moves in 𝑋- at the speed 𝐶. Since the rocket moves in 𝑋! 411 
and 𝑋-, its speed 𝑈- is less than 𝐶. Doesn’t the wire escape from the rocket? Problem 2: Earth 412 
orbits the sun. We assume that the sun moves in 𝑋- at the speed 𝐶. Since Earth moves in 413 
𝑋!, 𝑋", and 𝑋-, its speed 𝑈- is less than 𝐶. Doesn’t the sun escape from Earth? 414 

 415 
Fig. 4 Two problems. Left: In the 3D space of the wire, the rocket moves along the wire. In ES, the 416 
wire escapes from the rocket. Right: In the 3D space of the sun, Earth orbits the sun. In ES, the sun 417 
escapes from Earth. This drawing ignores the fact that the sun orbits the center of the Milky Way 418 
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The last paragraph seems to reveal paradoxes. The fallacy lies in assuming that all four 419 
axes of ES are experienced as spatial at once. We solve the two problems by projecting ES 420 
onto the 3D space of that object which moves in 𝑋- at the speed 𝐶. In Fig. 4 left, the guide 421 
wire does not escape from the rocket spatially. They age in different directions! The only 422 
relevant quantities for guiding the rocket are 𝑋!, 𝑋", 𝑋#, 𝜃. In the projection onto 3D space, 423 
𝑋- is projected away. Collisions in 3D space do not show up as collisions in ES because 𝜃 424 
is a parameter. In 𝜏-MS, two objects collide when their positions in 3D space and 𝜗 coin- 425 
cide. As in SR/GR, 𝜏 can be different. In Fig. 4 right, the sun does not escape from Earth 426 
spatially. They age in different and changing directions! The same applies to Earth and “b” 427 
in Fig. 3. ES diagrams do not show events, but an object’s position and its 4D vector 𝑻. 428 

5. Empirical Evidence for Euclidean Relativity 429 
Here we show that ER predicts 12 empirical facts. In particular, ER passes those three tests 430 
that Albert Einstein himself proposes to validate GR (see § 22 of [2]): gravitational redshift, 431 
the deflection of starlight, and the precession of Mercury’s perihelion. 432 

5.1. Time’s Arrow 433 
“Time’s arrow” stands for time that flows only forward. Why can’t time flow backward? 434 

Experienced time is the distance traveled in absolute ES divided by 𝐶. A distance traveled 435 
in absolute ES cannot be “untraveled” because 𝜃 is a monotonically increasing, absolute 436 
parameter. There is no such absolute parameter in SR/GR. 437 

5.2. Gravitational Redshift 438 
Gravitational redshift is the decrease in frequency of radiation emerging from a grav- 439 

itational well. Frequency is related to time. Since ER locally reproduces the gravitational 440 
time dilation of GR (see Sect. 4), ER locally predicts gravitational redshift. 441 

5.3. Deflection of Starlight 442 
Montanus [10] uses a Euclidean metric to derive the deflection of starlight by a spher- 443 

ical mass. On page 1387 of [10], he calculates the deflection angle 𝜓. 444 
 445 

𝜓		 = 		4𝜇/𝑅 , (27) 446 
 447 

where 𝜇 is half the Schwarzschild radius and 𝑅 is the closest approach. Since [10] is pub- 448 
lished, we do not repeat the calculation. Montanus uses the parameter 𝑡 (see page 1368 of 449 
[10]). For starlight deflected by the sun and observed on Earth, 𝑡 is as good a parameter 450 
as 𝜗: Because of their high speed 𝐶, the sun and Earth move almost uniformly through ES. Thus, 451 
d𝜗 ≅ d𝑡 according to Eq. (11). We conclude: ER and GR predict the same 𝜓. 452 

5.4. Precession of Mercury’s Perihelion 453 
Montanus [10] uses a Euclidean metric to derive the precession of orbits. On page 1389 454 

of [10], he calculates the additional orbital angle 𝜑 covered per revolution. 455 
 456 

𝜑		 = 		6𝜋𝜇/(𝐿(1 − 𝑒")) , (28) 457 
 458 

where 𝐿 is the semimajor axis and 𝑒 is the eccentricity. For Mercury, Montanus estimates 459 
𝜑 ≅ 42.9′′ per century (see page 72 of [11]). Since [11] is not peer reviewed, further studies 460 
are required. Again, 𝑡 is as good a parameter as 𝜗: Because of its high speed 𝐶, Mercury also 461 
moves almost uniformly through ES. We conclude: ER and GR predict the same 𝜑. 462 
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5.5. Cosmic Microwave Background (CMB) 463 
Today’s standard model of cosmology, the Lambda-CDM model [30, 31], is based on 464 

GR. In this model, the universe inflated from a singularity. The Big Bang occurred “every- 465 
where”. In Sects. 5.5 to 5.11, we outline an ER-based model of cosmology, in which the Big 466 
Bang can be localized: It injected a huge amount of energy into ES at an origin O. Parameter 467 
time has been ticking uniformly since the Big Bang. The Big Bang was a singularity in provid- 468 
ing energy and radial momentum. Ever since the Big Bang (𝜃 = 0), energy has been moving 469 
through ES at the speed 𝐶. Shortly after 𝜃 = 0, all energy was highly concentrated. While 470 
it receded from the origin O, it became less concentrated and reduced to plasma particles. 471 
Recombination radiation was emitted that we observe as CMB today [32]. 472 

The ER-based model must be able to answer several questions: (1) Why is the CMB so 473 
isotropic? (2) Why is the CMB temperature so low? (3) Why do we still observe the CMB today? 474 
Some possible answers: (1) The CMB is scattered equally in the 3D space of Earth. (2) The 475 
plasma particles receded from O in ES at very high speeds (Doppler redshift, see Sect. 5.11). 476 
(3) Some of the recombination radiation reaches Earth after traveling the same distance in 477 
𝑋!, 𝑋", 𝑋# (multiple scattering) as the Milky Way in 𝑋- (for the axes, see Fig. 5). 478 

5.6. Hubble–Lemaître Law 479 
The Milky Way and a galaxy G recede from O at the speed 𝐶 (see Fig. 5 left). G recedes 480 

from the 𝑋- axis of the Milky Way at the speed 𝑈!. 𝐷 (or 𝐷)) is the distance of G to the 481 
Milky Way in the 3D space of the Milky Way at a specific value 𝜃 (or else 𝜃)). 𝑈! is to 𝐷 482 
as 𝐶 is to the radius 𝐶𝜃 of a 3D hypersurface. All energy is within the 4D hypersphere. 483 
Its radius is parameterized by 𝜃. Because of various effects (gravitation, scattering, photon 484 
emission, pair production), some energy does not recede radially anymore. 485 

 486 
Fig. 5 ER-based model of cosmology. The green arcs show a 3D hypersurface that is expanding from 487 
the origin O of ES (location of the Big Bang) at the speed 𝐶. Left: A galaxy G recedes from O at the 488 
speed 𝐶 and from the 𝑋% axis at the speed 𝑈!. Right: If a star S+ happens to be at the same distance 489 
𝐷 today at which the supernova of S occurred, S+ recedes more slowly from 𝑋% than S 490 
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𝑈! 		= 		𝐶𝐷/𝐶𝜃		 = 		𝐷/𝜃		 = 		𝐻; 	𝐷 , (29) 491 
 492 

where 𝐻; = 1/𝜃 is the ER-equivalent to the Hubble parameter. If we observe the galaxy 493 
G today (we denote “today” by the value 𝜃) and thus by the parameter time 𝜗)), the two 494 
speeds 𝑈! and 𝐶 remain unchanged. Thus, Eq. (29) turns into 495 

 496 
𝑈! 		= 		𝐶𝐷)/𝐶𝜃) 		= 		𝐷)/𝜃) 		= 		𝐻)	𝐷) , (30) 497 

 498 
where 𝐻) = 1/𝜃) is the ER-equivalent to the Hubble constant, 𝐷) = 𝐷	𝜃)/𝜃, and 𝐶𝜃) is 499 
today’s radius of the hypersurface. Eq. (30) is an improved Hubble–Lemaître law [33, 34]. 500 
Cosmologists are already aware of the Hubble parameter. They are not yet aware that (a) 501 
the 4D geometry is Euclidean, (b) 𝜃 and 𝜗 are absolute, and (c) Eq. (30) relates 𝑈! to 𝐷) 502 
(not 𝐷). Of two galaxies, the more distant one recedes faster, but each galaxy maintains its reces- 503 
sion speed. G moves in 𝑋- at the speed (𝐶" − 𝑈!")).+. Thus, a clock in G is slow with respect 504 
to a clock in the Milky Way in 𝑋- by the factor 𝐶/(𝐶" − 𝑈!")).+ = 𝛾31. In the 3D space of 505 
the Milky Way, any light emitted by G at the parameter time 𝜗 (orange wave in Fig. 5 left) 506 
moves at the speed 𝑐 and arrives at the Milky Way at the parameter time 𝜗). 507 

5.7. Flat Universe 508 
An observer experiences neither ES nor the curved 3D hypersurface. His physical re- 509 

ality is a flat universe: his 3D space and his proper time. This statement holds true even if 510 
his worldline is curved in ES, as for the accelerating clock “b” in Fig. 3. 511 

5.8. Large-Scale Structures 512 
Most cosmologists [35, 36] believe that an inflation of space shortly after the Big Bang 513 

is responsible for the isotropic CMB, the flat universe, and large-scale structures. The latter 514 
are said to have inflated from quantum fluctuations. We showed that ER predicts the iso- 515 
tropic CMB and the flat universe. ER also predicts large-scale structures if the fluctuations 516 
have been expanding with the hypersphere. ER rejects cosmic inflation. 517 

5.9. Cosmic Homogeneity (Horizon Problem) 518 
How can the universe be so homogeneous on large scales? In the Lambda-CDM model, two 519 

regions A and B at “opposite sides” of the universe are causally disconnected unless we 520 
postulate a cosmic inflation. Otherwise, information could not have been transferred. In 521 
the ER-based model, A is at 𝑋! = +𝐶𝜃) (see Fig. 5 left) and B is at 𝑋! = −𝐶𝜃) (not shown). 522 
A and B experience 𝑋! (equal to their 𝑋-$ ) as their time axis. For A and for B, the 𝑋-$  axis 523 
disappears because of length contraction at the speed 𝐶. From their perspective, A and B 524 
have never been separated spatially, but their proper time flows in opposite 4D directions. 525 
This is how the two regions A and B are causally connected. Their opposite 4D vectors 𝑻 526 
do not affect causal connectivity as long as A and B stay together spatially. 527 

5.10. Hubble Tension 528 
Up next, we show: ER predicts the ten percent discrepancy in the published values of 529 

the Hubble constant (Hubble tension, 𝐻) tension). We consider CMB measurements and 530 
distance ladder measurements. The values do not match: 67.66 ± 0.42	km/s/Mpc accord- 531 
ing to team A [37]. 73.04 ± 1.04	km/s/Mpc according to team B [38]. Team B made efforts 532 
to minimize the error margins in the distance measurements, but there is a systematic error 533 
in its calculation: Team B assumes an incorrect cause of the redshifts. 534 
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We assume that team A’s value is correct. We now simulate the supernova of a star S, 535 
which occurred at a distance of 𝐷 = 400 (corresponding to 400 Mpc in the 3D space of the 536 
Milky Way) from the Milky Way (see Fig. 5 right). The recession speed of S is calculated 537 
from the measured redshift. The redshift parameter 𝑧 = Δ𝜆/𝜆 tells us how a wavelength 538 
of the supernova’s light is either stretched by an expanding space (team B) or else Doppler- 539 
redshifted by receding objects (ER-based model). We assume that the supernova occurred 540 
at a specific value 𝜃, but we observe it today at 𝜃). While the supernova’s light traveled 541 
the distance 𝐷 in −𝑋!, the Milky Way traveled the same distance 𝐷 in +𝑋-. 542 

According to Eq. (29), we now plot 𝑈! versus 𝐷 for distances from 0 to 500 in steps 543 
of 25 (red points in Fig. 6). The slope of a straight-line fit through the origin is roughly ten 544 
percent higher than 67.66. This is because 𝐻; is not a constant. If we compare the super- 545 
novae of two stars S and S’, the more distant one recedes faster, but each star maintains its 546 
recession speed 𝑈!. We ignore the fact that stars orbit the center of their galaxy. To a first 547 
approximation, S and S’ thus experience a Minkowskian spacetime. According to Eq. (11), 548 
d𝜗 = d𝑡. Thus, as shown in Sect. 4, 𝑈!/𝐶 in our plot is equal to 𝑣!/𝑐, which is calculated 549 
from the redshift. According to Eq. (30), we must plot 𝑈! versus 𝐷) to get a straight line 550 
(blue points). Since team B does not take Eq. (30) into account, its value of 𝐻) is roughly 551 
ten percent too high. Ignoring the 4D Euclidean geometry in the distance ladder measurements 552 
overestimates the value of 𝐻). This line of reasoning explains the Hubble tension. 553 

 554 
Fig. 6 Hubble diagram of simulated supernovae. The red points, as calculated according to Eq. (29), 555 
do not form a straight line. Because of Eqs. (29) and (32), 𝑈! is not proportional to 𝐷. The blue points, 556 
as calculated according to Eq. (30), do form a straight line because 𝑈! is proportional to 𝐷+ 557 

Eq. (30) requires the knowledge of 𝐷), but measurable magnitudes of supernovae are 558 
related to 𝐷. We solve this technical difficulty by rewriting Eq. (30) as 559 

 560 
𝑈!,) 		= 		𝐻)	𝐷 , (31) 561 

 562 
where 𝑈!,) is the recession speed in 𝑋! of a star S) that happens to be at the same distance 563 
𝐷 today at which the supernova of S occurred (see Fig. 5 right). We calculate 564 

 565 
𝐻; 		= 		𝐶/𝐶𝜃		 = 		𝐶/(𝐶𝜃) − 𝐷) 		= 		𝐻)/(1 − 𝐷𝐻)/𝐶) . (32) 566 

 567 
Inserting 𝐻; from Eq. (29), 𝐻) from Eq. (31), and 𝑈!/𝐶 = 𝑣!/𝑐 into Eq. (32) gives us 568 

 569 
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𝑈!,) 		= 		𝑈!/(1 + 𝑈!/𝐶) , (33) 570 
 571 

𝑈!,) 		= 		 𝑣!𝐶/(𝑐(1 + 𝑣!/𝑐)) . (34) 572 
 573 
We kindly ask team B to convert 𝑣! to 𝑈!,) according to Eq. (34). Because of Eq. (31), 574 

plotting 𝑈!,) versus 𝐷 yields the correct value of 𝐻). Fig. 6 also tells us: The more high- 575 
redshift data are taken into account, the more the Hubble tension increases. 576 

5.11. Cosmological Redshift 577 
Up next, we identify a second systematic error. This error is even more serious than 578 

team B’s error in the value of 𝐻). It concerns the supposed accelerating expansion of space 579 
and cannot be resolved within the Lambda-CDM model unless we postulate a dark en- 580 
ergy. Most cosmologists [39, 40] believe in an accelerating expansion of space because the 581 
recession speeds increasingly deviate from a straight line when plotted versus the distance 582 
𝐷. Indeed, an accelerating expansion of space would stretch each wavelength even further, 583 
thus causing these deviations. In the Lambda-CDM model, the moment of the supernova 584 
is irrelevant. All that matters is the duration of the light’s journey to Earth. 585 

In the ER-based model, all that matters is the moment of the supernova. Its light is 586 
redshifted by the Doppler effect. The longer ago a supernova occurred, the more 𝐻; de- 587 
viates from 𝐻), and thus the more 𝑈! deviates from 𝑈!,). If a star S) happens to be at the 588 
same distance of 𝐷 = 400 today at which the supernova of S occurred, Eq. (33) tells us: 589 
S) recedes more slowly (𝑈!,) = 27,064, the shortest arrow in Fig. 5 right) from 𝑋- than S 590 
(𝑈! = 29,750). It does so because of the 4D Euclidean geometry. The 4D vector 𝑻$ of S) differs 591 
less from 𝑻 of the Milky Way than 𝑻$$ of S differs from 𝑻. Physicists “invented” a dark 592 
energy [41] to explain an accelerating expansion of space. Dark energy is a stopgap solu- 593 
tion for an effect that the Lambda-CDM model cannot explain. Earlier supernovae recede 594 
faster because of a greater value of 𝐻; and not because of a dark energy. 595 

Cosmological redshift and the Hubble tension have the same physical background: In 596 
Eq. (30), we must not confuse 𝐷) with 𝐷. Because of Eqs. (29) and (32), 𝑈! is not propor- 597 
tional to the distance 𝐷, but to 𝐷/(1 − 𝐷𝐻)/𝐶). Any expansion of space—uniform or else 598 
accelerating—is only virtual even if the Nobel Prize in Physics 2011 was awarded “for the 599 
discovery of the accelerating expansion of the Universe through observations of distant 600 
supernovae”. This particular prize was awarded for an illusion. Most galaxies recede from 601 
the Milky Way, but they do so uniformly in non-expanding ES. ER clearly identifies dark 602 
energy, the driving force behind the supposed accelerating expansion, as an illusion. Most 603 
energy recedes radially from the origin O of ES because of the radial momentum provided 604 
by the Big Bang. ER rejects expanding space and dark energy. 605 

Cosmological redshift and the Hubble tension are very strong empirical evidence that 606 
challenges the Lambda-CDM model. They force us to take the 4D Euclidean geometry into 607 
account, and 𝑻 in particular. GR works well if 𝑻 is irrelevant, but 𝑻$$ of a high-redshift 608 
supernova differs greatly from 𝑻 of the Milky Way. Space is not driven by dark energy. 609 
Each galaxy is driven by its momentum and maintains its recession speed. Because of var- 610 
ious effects (gravitation, scattering, photon emission, pair production), some energy does 611 
not recede radially anymore. Gravitational attraction enables nearby galaxies to move to- 612 
ward our galaxy. Table 1 compares two models of cosmology. The ER-based model rejects 613 
cosmic inflation, expanding space, and dark energy. Thus, ER significantly improves cos- 614 
mology. In Sect. 5.12, we show that ER also improves QM. 615 
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 616 
Table 1 Comparing two models of cosmology 617 

5.12. Quantum Entanglement 618 
Erwin Schrödinger coins the word “entanglement” in a comment [42] on the Einstein– 619 

Podolsky–Rosen paradox [43]. These three authors argue that QM does not provide a com- 620 
plete description of reality. Schrödinger’s neologism does not resolve the paradox, but it 621 
highlights our enormous difficulties in comprehending QM. John Bell [44] shows that QM 622 
is incompatible with local hidden-variable theories. Meanwhile, several experiments [45– 623 
47] have confirmed that entanglement violates locality in an observer’s 3D space. Quantum 624 
entanglement has been interpreted as a “non-local effect” ever since. 625 

Up next, we show: ER “untangles” entanglement without the concept of non-locality. 626 
There is no violation of locality in 4D (!) space, where all four axes are fully symmetric. In 627 
Fig. 7, observer R moves in the 𝑋- axis at the speed 𝐶. We consider two pairs of objects. 628 
The first pair was created at the point P and moves in opposite directions ±𝑋-$  (equal to 629 
±𝑋! of R) at the speed 𝐶. The second pair was created at the point Q and moves in oppo- 630 
site directions ±𝑋-$$ at the speed 𝐶. In his 3D space, R experiences the first pair as entan- 631 
gled photons. In his 3D space, R experiences the second pair as entangled material objects, 632 
such as electrons. In his 3D space, either pair is separated spatially. R has no idea how two 633 
entangled objects are able to “communicate” with each other in no time. 634 

 635 
Fig. 7 Entanglement. Observer R moves in 𝑋%. In his 3D space, he experiences one pair as entangled 636 
photons. He experiences the other pair as entangled electrons. In the photons’ 3D space, the photons 637 
stay together spatially. In the electrons’ 3D space (not shown), the electrons stay together spatially 638 
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For the photons (or electrons), the 𝑋-$  (or else 𝑋-$$) axis disappears because of length 639 
contraction at the speed 𝐶. From their perspective, the entangled objects have never been 640 
separated spatially, but their proper time flows in opposite 4D directions. This is how they 641 
communicate with each other in no time. Their opposite 4D vectors 𝑻 do not affect local 642 
communication as long as the twins stay together spatially. There is a “spooky action at a 643 
distance” (this phrase is attributed to Albert Einstein) for observers only. 644 

Entanglement and cosmic homogeneity have the same physical background: An ob- 645 
served object’s (or region’s) 4D vector 𝑻$ and its 3D space may have rotated with respect 646 
to an observer’s 4D vector 𝑻 and his 3D space. This is possible in ES only, where all axes 647 
are fully symmetric. The SO(4) symmetry of ES enables the entanglement of photons and 648 
other objects [48]. ER predicts that any two objects created in pair production are entan- 649 
gled. This gives us a chance to falsify ER. Any measurement terminates one twin or rotates 650 
its 4D vector 𝑻. The entanglement is destroyed. ER rejects non-locality. 651 

6. Conclusions 652 
ER retains the formalism of SR. ER also retains the formalism of GR, but only locally. 653 

There are three key differences between ER and SR/GR: (1) ER describes a mathematical 654 
Master Reality (ES). The physical reality of an observer is derived from the Master Reality. 655 
Gravity curves an observer’s spacetime, as in GR. Without gravity, the physical reality is 656 
flat 𝜏-MS. (2) ER omits coordinate time 𝑡. In the physical reality, proper time 𝜏 is the time 657 
coordinate and 𝜃 converts to parameter time 𝜗. (3) In ER, there is absolute space (ES), an 658 
absolute evolution parameter (𝜃), and a 4D vector “flow of proper time” (𝑻). Information 659 
hidden in ES, 𝜃, and 𝑻 is not available in SR/GR. ES is relevant for modeling the physical 660 
reality. 𝜃 is relevant for modeling galactic motion in the physical reality. 𝑻 is relevant for 661 
understanding cosmic homogeneity, cosmological redshift, and entanglement. 662 

ER reproduces the Lorentz factor and—locally—the gravitational time dilation of GR. 663 
Thus, either GR or else ER is an approximation. GR is probably that approximation because 664 
𝜃 (or 𝜗) suits QM better than 𝑡. For instance, time is not an operator in the Schrödinger 665 
equation, but an external parameter. 𝜃 and 𝜗 are such parameters. There is none in GR. 666 
In summary, we propose (a) replacing Minkowski spacetime with 𝜏-MS, (b) using ER in 667 
cosmology, and (c) using ER in QM. It is obvious that one paper cannot cover all of physics. 668 
It is also obvious that 12 predicted empirical facts in different (!) areas of physics are most 669 
likely not 12 coincidences. Some of these 12 facts can be predicted without ER, but only by 670 
postulating cosmic inflation, expanding space, dark energy, and non-locality. ER rejects all 671 
four highly speculative concepts. Occam’s razor makes no exceptions. 672 

Einstein was awarded the Nobel Prize in Physics 1921 for his theory of the photoelec- 673 
tric effect [49] and not for SR/GR. Our results show that ER penetrates to a “deeper level”. 674 
Einstein, one of the most brilliant physicists ever, did not realize that nature’s fundamental 675 
metric is Euclidean. He sacrificed absolute space and absolute time. ER reinstates absolute 676 
space (not 3D space, but 4D space) and absolute time (not a time coordinate, but parameter 677 
time). In retrospect, it was man-made coordinate time that delayed the formulation of ER. 678 
For the first time, humanity understands the true nature of time: Experienced time is the dis- 679 
tance traveled in ES divided by 𝐶. The human brain is able to imagine that we all move at the 680 
speed of light. Against this backdrop, human conflicts fade into insignificance. 681 

Is ER a physical or a metaphysical theory? That is a very good question because only 682 
in proper coordinates can we access ES, but the proper time 𝜏$ ticking for another object 683 
cannot be measured. And yet, we can calculate 𝜏$ from ES diagrams, 𝜏$ = 𝑥-$/𝑐, and the 684 
Eqs. (7b) and (17b). ES diagrams are observer-independent Master Diagrams of nature. It 685 
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is true that observing is our primary source of knowledge, but concepts can mislead us if 686 
they originate from observing. Physics is more than just observing. For instance, we cannot 687 
observe time. Coordinate time 𝑡 works well in everyday life, but unfortunately 𝑡 has also 688 
been applied to the very distant and to the very small. For this reason, cosmology and QM 689 
benefit most from ER. ER is a physical theory because it predicts what we observe. 690 

It seems as if Greek philosopher Plato anticipated ER in his famous Cave Allegory [50]: 691 
Humanity experiences projections, but it cannot observe the Master Reality beyond these 692 
projections. We laid the foundation for ER and demonstrated its strength. Paradoxes are 693 
only virtual. The key question in science is this: How can we describe nature without postulat- 694 
ing highly speculative concepts? The answer leads us to the truth. ER describes nature from 695 
the very distant to the very small. Thus, ER is indispensable for unifying physics. Everyone 696 
is invited to test ER. Only in ER does Mother Nature reveal her secrets. 697 
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Comments: (1) Further studies on gravity are required, but this is no reason to reject ER. GR seems to 703 
explain gravity, but GR is incompatible with QM unless we add quantum gravity. (2) In ES, there are 704 
no singularities and thus no black holes. Again, this is no reason to reject ER. Singularities conflict with 705 
QM. Projections of highly concentrated energy could possibly be interpreted as “black holes”. (3) It is 706 
often a good idea to match the symmetry. The symmetry of nature is SO(4). (4) Absolute time puts an 707 
end to all discussions about time travel. Does any other theory explain time’s arrow as clearly as ER? 708 
(5) Physics does not ask: Why is my reality a projection? Projections are less speculative than postulat- 709 
ing cosmic inflation plus expanding space plus dark energy plus non-locality. 710 

It takes open-minded editors and reviewers to evaluate a new theory that heralds a paradigm shift. 711 
Taking SR and GR for granted paralyzes progress. I apologize for my numerous preprint versions, but 712 
I received little support only. The preprints document my path. The final version is all that is needed. 713 
I did not surrender when top journals rejected ER. Interestingly, I was never given any valid arguments 714 
that would disprove ER. I was advised to consult experts or submit to other journals. Were the editors 715 
afraid of publishing against the mainstream? Did they underestimate the benefits of ER? I am told that 716 
predicting 12 empirical facts would be too much to be convincing. I disagree. A paradigm shift often 717 
leads to many new insights. Even good friends refused to support me. Every setback motivated me to 718 
formulate ER even better. Finally, I identified four shortcomings of coordinate time. 719 

A well-known preprint archive suspended my submission privileges. I was penalized because I 720 
showed that GR is not as general as it seems. The editor-in-chief of a top journal replied: “Publishing 721 
is for experts only.” One editor rejected ER because it would “demand too much” from his reviewers. 722 
Several journals rejected ER because it was “neither innovative nor significant”. I like to speak of ER 723 
as “holistic physics”, but unfortunately the reviewers did not accept this term. I do not blame anyone. 724 
Paradigm shifts are hard to accept. In the long run, ER will prevail because it predicts what we observe. 725 
These comments shall encourage young scientists to stand up for good ideas even if it is challenging: 726 
“unscholarly research”, “fake science”, “equations from entry-level textbooks”, “too simple to be true”. 727 
Simplicity and truth are not mutually exclusive. Beauty is when they go hand in hand together. 728 
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