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Today’s concept of time is based on Einstein’s theories of special (SR) and general relativity (GR). 

Many physicists anticipate that GR has an issue since it is not compatible with quantum mechanics. 

Here we show: Predictions made by SR and GR are correct, but “Einstein time” (Einstein’s concept 

of time, proper time of one observer) has an issue. SR and GR work well for one observer describing 

his reality and for another observer describing his reality. Yet Einstein time distracts from a master 

reference frame (birthplace of each observer’s unique reality) that is beyond SR and GR. In Euclidean 

relativity (ER), we replace Einstein time with “Euclidean time” (proper time of all objects/observers). 

In Euclidean spacetime (ES), all energy is moving radially away from “an origin” (the Big Bang) at 

the speed of light. For each object, time flows in a unique 4D direction related to its position. Unlike 

other ER models, we claim that an observer’s reality is only created by projecting ES orthogonally 

to his proper 3D space and to his proper flow of time. ER gives us the same Lorentz factor as in SR 

and the same gravitational time dilation as in GR, but now we learn that they stem from a projection. 

ER outperforms SR in explaining time’s arrow and 𝑚𝑐2. ER outperforms a GR-based cosmology in 

solving competing Hubble constants and declaring cosmic inflation, expansion of space, and dark 

energy redundant. Most important, ER is compatible with quantum mechanics: It solves the wave–

particle duality and quantum entanglement while declaring non-locality redundant. 
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Important Remarks 24

We kindly ask all readers including editors and reviewers to read these preliminary 25

remarks. They help you to avoid those traps that previous reviewers already stepped into. 26

Most readers seem to believe that our theory is just another attempt to identify an issue in 27

Einstein’s theory of special relativity (SR) [1]. Since SR has been experimentally confirmed 28

many times over, our theory is considered a waste of time. What they don’t see: The issue 29

is in Einstein’s concept of time! It affects all of physics including SR, general relativity (GR) 30

[2], and quantum mechanics. We do not dispute any predictions made by SR or GR. Quite 31

the opposite is true: The Lorentz transformation is recovered in our theory, and we explain 32

why SR and GR work so well despite the issue in Einstein’s concept of time. Cosmology 33

and quantum mechanics work well only if concepts are added (cosmic inflation, expansion 34

of space, dark energy, non-locality) that we prove to be redundant. 35

What most readers also don’t see: It is because of this issue in Einstein’s concept of 36

time that GR is not compatible with quantum mechanics. We suggest three changes to the 37

foundations of physics—new concepts of time, distance, and energy—that make relativity 38

compatible with quantum mechanics. Honestly, isn’t that reason enough to give our the- 39

ory of Euclidean relativity (ER) a chance? We are asking this question because one editor 40

informed us that some journals do not consider refutations of SR. Sorry, but why is that? 41

Have SR and GR turned into a dogma that must not be questioned anymore? According 42

to Karl Popper, a theory is scientific only if it is falsifiable [3]. Neither SR nor GR nor ER 43

nor any concept of time is ever set in stone! 44

Five pieces of advice: (1) Be willing to question Einstein’s concept of time. Do not hold on 45

to it just because you have worked with it for many years. Science can move forward only 46

if we keep on questioning concepts. (2) Do not take SR and GR for granted when evaluating 47

ER. Neither must we take the geocentric model for granted when evaluating the heliocen- 48

tric model. Previous reviewers made a systematic error when evaluating ER with concepts 49
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of SR and GR. ER is different. In ER, everything is moving at the speed of light. (3) Evaluate 50

ER reasonably. SR is based on Einstein’s concept of time, ER on Euclidean time. The Lorentz 51

transformation is recovered in ER. So, this argument does not favor SR over ER. Yet ER 52

solves mysteries which SR and GR haven’t solved in 100+ years. (4) Be patient and fair. Do 53

not expect us to address all of physics in this paper. SR and GR have been tested for 100+ 54

years. We must hang on for ER to prove itself, too. (5) Let illustrations inspire you. Artwork 55

assists us to conceive of 4D. Geometric derivations are equivalent to equations. 56

To sum it all up: Predictions made by SR and GR are correct, but ER penetrates to a 57

deeper level. We do apologize for having published several preprint versions. It was really 58

tricky to figure out why SR and GR make correct predictions despite the issue in Einstein’s 59

concept of time. Sect. 2 is about disclosing this issue. Sect. 3 gives us an intuitive approach 60

to Euclidean time. In Sect. 4, we derive the Lorentz factor and gravitational time dilation. 61

In Sect. 5, we solve 15 mysteries and declare four concepts of today’s physics redundant. 62

In our Conclusions, Occam’s razor knocks out Einstein’s concept of time. 63

1. Introduction 64

Today’s concepts of space and time were coined by Albert Einstein. His theory of SR 65

[1] is based on a flat spacetime with an indefinite (not positive-semidefinite) distance func- 66

tion. SR is often interpreted in Minkowski spacetime (MS) because Hermann Minkowski’s 67

geometric interpretation [4] was very successful in explaining relativistic effects. Predict- 68

ing the lifetime of muons [5] is one example that demonstrates the power of SR. General 69

relativity (GR) [2] includes gravitation and is based on a curved spacetime with a pseudo- 70

Riemannian metric. GR is supported, for example, by the deflection of starlight during a 71

solar eclipse [6] and by the high accuracy of GPS. Quantum field theory [7] unifies classical 72

field theory, SR, and quantum mechanics, but not GR. 73

We call our theory “Euclidean relativity” and build it on these three postulates: (1) In 74

Euclidean spacetime (ES), all energy is moving radially away from an origin at the speed 75

of light. (2) The laws of physics have the same form in each observer’s “reality” (orthogo- 76

nal projections of ES to his proper 3D space and to his proper flow of time). (3) All energy 77

is “wavematter” (electromagnetic wave packet and matter in one). Our first postulate is 78

stronger than the second SR postulate. The speed of light 𝑐 is both absolute and universal. 79

Everything is moving through ES at the speed 𝑐. Moving through MS at the speed 𝑐 is a 80

pointless concept as objects at rest in 3D space would then move in time at one second per 81

one second. Our second postulate is the same as the first SR postulate, except that there is 82

no limitation to inertial frames and that we distinguish ES from an observer’s reality. Our 83

third postulate makes relativity compatible with quantum mechanics. 84

We aren’t the first physicists to investigate ER: In the early 1990s, Montanus already 85

described ES [8]. He also formulated electrodynamics and gravitational lensing in ES [9]. 86

Almeida compared trajectories in MS with trajectories in ES [10]. Gersten demonstrated 87

that the Lorentz transformation in SR becomes an SO(4) rotation in ER [11]. van Linden 88

studied energy and momentum in ES [12]. Pereira claimed a “hypergeometrical universe”, 89

where matter is made from deformed space [13]. Yet none of these models identifies the 90

issue in Einstein’s concept of time, and they all run into paradoxes (discussed in Sect. 4) 91

because they don’t project ES to an observer’s reality. Only Machotka added a “bounded- 92

ness postulate” to avoid paradoxes [14], but it sounds rather contrived. We overcome such 93

paradoxes by limiting reality in our second postulate. An observer’s reality is only created by 94

projecting ES orthogonally to his proper 3D space and to his proper flow of time. 95

It is instructive to compare our theory with Newton’s physics and Einstein’s physics. 96

In Newton’s physics, all objects are moving through 3D space as a function of an inde- 97

pendent time. The speed of matter is 𝑣3D ≪ 𝑐. In Einstein’s physics, all objects are moving 98

through 4D spacetime given by 3D space and time, where time is linked to, but different 99

from space (time is measured in seconds). The speed of matter is 𝑣3D < 𝑐. In our theory, 100

all objects are moving through 4D ES given by four symmetric distances (all distances are 101

measured in light seconds), where time is only a subordinate quantity. The 4D speed of 102
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everything is 𝑢4D = 𝑐. Kant’s philosophy [15] was inspired by Newton’s physics. Our the- 103 
ory will have a huge impact on physics and philosophy. Replacing the concept of time is 104 
probably the biggest intervention since the formulation of quantum mechanics. 105 

2. An Issue in Einstein’s Concept of Time 106 

Today’s concept of time traces back to Albert Einstein. We thus call it “Einstein time” 107 
𝑡. § 1 of SR [1] is an instruction of how to synchronize two clocks at the positions P and Q. 108 
At “P time” 𝑡P, an observer sends a light pulse from P towards Q. At “Q time” 𝑡Q, it is 109 
reflected at Q towards P. At “P time” 𝑡P

∗, it is back at P. Both clocks synchronize if 110 
 111 

𝑡Q  −  𝑡P   =   𝑡P
∗  −  𝑡Q . (1) 112 

 113 
In § 3 of SR [1], Einstein derives the Lorentz transformation for two systems moving 114 

relative to each other at a constant speed. The coordinates 𝑥1, 𝑥2, 𝑥3, 𝑡 of a system K are 115 
transformed to the coordinates 𝑥1

′ , 𝑥2
′ , 𝑥3

′ , 𝑡′ of a system K’ by 116 
 117 

𝑥1
′   =   𝛾 (𝑥1  −  𝑣3D 𝑡) , (2a) 118 

 119 
𝑥2

′   =   𝑥2 , (2b) 120 
 121 

𝑥3
′   =   𝑥3 , (2c) 122 

 123 
𝑡′   =   𝛾 (𝑡 − 𝑣3D 𝑥1/𝑐2) , (2d) 124 

 125 
where the system K’ is moving relative to K in the axis 𝑥1 and at the constant speed 𝑣3D. 126 
The factor 𝛾 = (1 − 𝑣3D

2 /𝑐2)−0.5 is the Lorentz factor. 127 
Eqs. (1) and (2a-d) are correct for one observer R in K describing his reality. Because 128 

of the relativity postulate, we can write down a similar set of equations for one observer 129 
B in K’ describing his reality. So, all theories that are consistent with SR (such as electro- 130 
dynamics) will be valid for either observer. SR works well for R describing his reality and 131 
for B describing his reality. Yet Einstein time distracts from a master reference frame (super- 132 
ordinate system or birthplace of each observer’s unique reality) that is beyond SR. This is 133 
because Einstein time is egocentric: Einstein time is what an observer reads on his watch. 134 
SR describes the reality of R in K, and then we must make a cut (draw a second Minkowski 135 
diagram) before SR can describe the reality of B in K’. 136 

In order to find an alternative concept of time, we now take a closer look at the effect 137 
of time dilation. In § 4 of SR [1], Einstein derives that there is a dilation in Einstein time: 138 
The clock of an observer B in K’ is slow with respect to the clock of an observer R in K by 139 
the factor 𝛾. Time dilation has been experimentally confirmed. So, any alternative concept 140 
must recover it and the same 𝛾. Now watch out as the next sentences are our entrance to 141 
ER: Most physicists aren’t aware that there are two variables in which this time dilation 142 
can show up for the same (!) observer R. Einstein and Minkowski assumed that the clock 143 
of B is slow with respect to R in 𝑡′ (proper time of B), which belongs to B. Yet, as we explain 144 
next, it can also be slow with respect to R in 𝑡 (proper time of R), which belongs to R. 145 

Fig. 1 top illustrates a Minkowski diagram of two identical rockets—except for their 146 
color—with a proper length of 0.5 Ls (light seconds). They started at the origin and move 147 
relative to each other in the axis 𝑥1 at a speed of 0.6 𝑐. We choose these very high values 148 
to visualize relativistic effects. We show that moment when the red rocket has moved 1 s 149 
in 𝑡. Observer R is in the rear end of the red rocket r. His/her view is the red frame with 150 
the coordinates 𝑥1 and 𝑡. Observer B is in the rear end of the blue rocket b. His/her view 151 
is the blue frame with the coordinates 𝑥1

′  and 𝑡′. Only for visualization do we draw our 152 
rockets in 2D although their width is in the dimensions 𝑥2, 𝑥3 or 𝑥2

′ , 𝑥3
′  (not displayed in 153 

Fig. 1). For R, the blue rocket contracts to 0.4 Ls because of length contraction. For B, the rear 154 
end of the blue rocket has moved only 0.8 s in 𝑡′ because of time dilation. 155 
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 156 
Fig. 1 Minkowski diagram, ES diagram, and 3D projection for two identical rockets. Top: The Min- 157 
kowski diagram depicts the reality of just one observer (here: of R who synchronizes all clocks inside 158 
both rockets). Our diagram doesn’t depict the reality of B who would also synchronize these clocks. 159 
Center: The ES diagram can be projected to either reality. Bottom: Projection to the 3D space of R 160 

It is well known that simultaneity isn’t absolute in SR. In Fig. 1 top, R synchronized 161 
all clocks inside r and b according to § 2 of SR [1]: 𝑡 = 1.0 s. In this diagram, clocks inside 162 
b display a different time for B: 𝑡′ = 0.8 s and 𝑡′ = 0.5 s. Clocks that are synchronized for 163 
R aren’t synchronized for B. Yet we must assume that B would also synchronize all clocks 164 
inside r and b. To depict the reality of B, we must draw a second Minkowski diagram (not 165 
shown here) where clocks inside r aren’t synchronized for R. Since we need two diagrams, 166 
we can’t take the measurements of R and B seriously at once. In SR, there is no “at once for 167 
both”. Each observer claims just for himself that all clocks are synchronized. 168 

In experimental physics, we are used to take measurements of all observers seriously 169 
at once. We can do so if we claim: Each observer measures clocks inside his own rocket as syn- 170 
chronous, while he measures all moving clocks as asynchronous. We get to this “Euclidean time” 171 
by replacing the asymmetric axes 𝑥1 and 𝑡 with symmetric distances 𝑑1 and 𝑑4, and by 172 
rotating rocket b thereafter. We end up with an ES diagram (Fig. 1 center), in which “0.8” 173 
and “0.5” show up in 𝑑4 (which belongs to R). In MS, R measures the time of R in 𝑡 and 174 
the time of B in 𝑡′. In ES, R uses the same variable 𝑑4 for measuring the time of R and for 175 
measuring the time of B. In either case (MS and ES), the clock of B is slow with respect 176 
to R. In MS, it is slow with respect to R in 𝑡′ (which belongs to B). In ES, it is slow with 177 
respect to R in 𝑑4 related to 𝑡 (which belongs to R). 178 

Be aware that R can never measure 𝑡′ himself. He either calculates 𝑡′ from Eq. (2d), 179 
or else he observes that a clock which was moving relative to him is slow in 𝑡 thereafter. 180 
So, R just can’t tell whether the clock of B is running slow with respect to himself in 𝑡 or 181 
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else in 𝑡′. Common sense tells us that two identical clocks run the same whether or not 182 
they move relative to each other. This is true only in ES where Euclidean time is absolute. 183 
Only by projecting 𝑑4

′  to 𝑑4 does the clock of B become slow with respect to R. 184 

3. Introducing Euclidean Time and Euclidean Spacetime 185 

The indefinite distance function in MS can be rewritten as a Euclidean metric. 186 
 187 

(𝑐 d𝜏)2   =   (𝑐 d𝑡)2  −  d𝑥1
2  −  d𝑥2

2  −  d𝑥3
2 , (3a) 188 

 189 
(𝑐 d𝑡)2   =   d𝑑1

2  +  d𝑑2
2  +  d𝑑3

2  +  d𝑑4
2 , (3b) 190 

 191 
where 𝑑𝑖 = 𝑥𝑖 for 𝑖 = 1,2,3 and 𝑑4 = 𝑐𝜏. The roles of Einstein time 𝑡 (proper time of one 192 
observer) and Euclidean time 𝜏 (proper time of all objects/observers) have switched. This 193 
switch affects all equations of physics. All invariants are now based on 𝑡, while the fourth 194 
dimension in all vectors is now based on 𝜏. Eq. (3b) must not be confused with the “Wick 195 
rotation” which replaces 𝑡 by 𝑖𝑡, but keeps 𝜏 as the invariant. Because of the Euclidean 196 
metric in Eq. (3b), we can imagine that we live in the 3D hypersurface of a 4D hypersphere. 197 
This hypersphere is expanding radially from some absolute point O at the speed of light. 198 
For each observer, the Cartesian ES coordinates 𝑑𝑖 are projected to his proper 3D space. 199 
The 3D hypersurface is absolute, but the proper 3D space is relative. 200 

We define “Euclidean time” as radius 𝑟 of the hypersphere divided by 𝑐. Euclidean 201 
time isn’t egocentric, but universal, as it originates from an absolute point. We also define 202 
a 4D vector “flow of time” 𝒓/𝑐, where 𝒓 points from O to an object. The absolute value 203 
𝑟/𝑐 of this vector is universal, but its 4D orientation is unique. For each object, time flows 204 
in a unique 4D direction related to its position. Cartesian ES coordinates are also projected 205 
to an observer’s proper flow of time. So, moving clocks are slow in his proper flow of time. 206 
Euclidean time is absolute, but the proper flow of time is relative. 207 

 208 
𝜏  =   𝑟/𝑐     (Euclidean time). (4a) 209 

 210 
Eq. (4a) tells us that Euclidean time is only a subordinate quantity derived from cov- 211 

ered distance. Time isn’t fundamental to physics as already claimed by other authors [16]. 212 
Distance and speed are more significant than time. So, we suggest to choose new units for 213 
speed and time. 𝑐 should be specified in its own new unit to be given. 𝜏 should be spec- 214 
ified in “light seconds per this new unit”. Be aware that these new units won’t affect how 215 
clocks are running. So, all of our clocks will measure Euclidean time, too. 216 

ES is an open 4D manifold with a Euclidean metric. We can describe ES either in four 217 
absolute, hyperspherical coordinates (𝜙1, 𝜙2, 𝜙3, 𝑟), where each 𝜙𝑖 is a hyperspherical angle 218 
and 𝑟 is radial distance from an origin—or in four relative, symmetric, Cartesian coordinates 219 
(𝑑1, 𝑑2, 𝑑3, 𝑑4), where each 𝑑𝑖 is axial distance from an origin. 𝑟 and all 𝑑𝑖 are “spatial and 220 
temporal distance in one”. Distance isn’t covered as a function of independent time. Only 221 
by covering distance is Euclidean time passing by. All distances are measured in light 222 
seconds (Ls) by odometers. There is no need to calibrate these odometers as light seconds 223 
in ES are absolute. The symmetry of all 𝑑𝑖 supports the idea of natural units. “Space” and 224 
“time” in everyday life are only interpretations of distance. 225 

ES is that master frame which is beyond SR and GR. An observer’s reality is only cre- 226 
ated by projecting ES orthogonally to his proper 3D space and to his proper flow of time. 227 
Euclidean time is the proper time of all objects/observers. Einstein time is the proper time 228 
of just one observer. In SR and GR, the object’s proper time deviates from the observer’s 229 
proper time. In ER, all objects/observers share the same time and the same 3D hypersur- 230 
face, but each object/observer has a proper flow of time and a proper 3D space. 231 

Hyperspherical coordinates are good for grasping the big picture in cosmology. We 232 
claim that a huge amount of energy was injected into ES at some point that we take as its 233 
origin O. Right here our first postulate comes into play: In ES, all energy is moving radially 234 
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away from the origin O at the speed of light. Hyperspherical coordinates have the great 235 
benefit of reducing all that is ever happening to one formula: All energy is covering radial 236 
distance 𝑟 which, divided by Euclidean time 𝜏, is equal to the speed 𝑐. So, this formula 237 
is the Theory of Everything (TOE), yet in hyperspherical coordinates. 238 

 239 
𝑟/𝜏  =   𝑐     (Theory of Everything). (4b) 240 

 241 
One may argue that Eq. (4b) couldn’t be a TOE as it wouldn’t address the dynamics 242 

in 3D space. We disagree. In hyperspherical coordinates, there is indeed no motion within 243 
the hypersurface because everything is moving radially at the same speed. Yet, as we will 244 
demonstrate in Sect. 5.6, all dynamics in 3D space is pure geometry. Matching the symmetry 245 
simplifies physics. Eq. (4b) describes all action in hyperspherical coordinates. 246 

Cartesian ES coordinates are good for projecting ES to an observer’s reality. They are 247 
calculated from hyperspherical coordinates by 248 

 249 
𝑑1   =   𝑟 cos 𝜙1 , (5a) 250 

 251 
𝑑2   =   𝑟 sin 𝜙1  cos 𝜙2 , (5b) 252 

 253 
𝑑3   =   𝑟 sin 𝜙1  sin 𝜙2  cos 𝜙3 , (5c) 254 

 255 
𝑑4   =   𝑟 sin 𝜙1  sin 𝜙2  sin 𝜙3 . (5d) 256 

 257 
In our ES diagrams, we often choose Cartesian coordinates in which an object starts 258 

moving from some origin P other than O. Because of the ES symmetry, we are free to label 259 
all four axes. We always assume: 𝑑4 coincides with an object’s proper flow of time. Below 260 
our ES diagrams, we project ES to an observer’s proper 3D space. Here we are free to label 261 
the axis that we project to. We assume: There is relative motion only in 𝑑1 and 𝑑4. So, our 262 
Cartesian ES diagrams display 𝑑1 and 𝑑4, while our 3D projections display 𝑑1. 263 

The projections of 𝑑1, 𝑑2, 𝑑3, 𝑑4 to 𝑑1, 𝑑2, 𝑑3 and to 𝑑4 are orthogonal: 𝑑1, 𝑑2, 𝑑3 are 264 
equal to 𝑥1, 𝑥2, 𝑥3 (this is why there is no need to replace the concept of space), while 𝑑4 265 
is equal to 𝑐𝜏. There is 𝜏 = 𝑡 only for clocks moving in the axis 𝑑4. Euclidean time 𝜏 (flowing 266 
radially) is projected to the Einstein time 𝑡 of one observer (flowing in just one direction). 267 
The Cartesian 4D velocity 𝒖 has four components 𝑢𝑖 = d𝑑𝑖/d𝑡. From Eq. (3b), we get 268 

 269 
𝑢1

2  +  𝑢2
2  +  𝑢3

2  +  𝑢4
2   =   𝑐2 . (6) 270 

4. Geometric Effects in Euclidean Spacetime 271 

We consider the same two rockets as in Fig. 1. Observer R (or B) in the rear end of the 272 
red rocket r (or else blue rocket b) uses 𝑑1, 𝑑2, 𝑑3, 𝑑4 (or else 𝑑1

′ , 𝑑2
′ , 𝑑3

′ , 𝑑4
′ ) as coordinates. 273 

𝑑1, 𝑑2, 𝑑3 span the 3D space of R, and 𝑑1
′ , 𝑑2

′ , 𝑑3
′  span the 3D space of B. 𝑑4 relates to the 274 

Einstein time of R, and 𝑑4
′  relates to the Einstein time of B. The rockets move relative to 275 

each other in either 3D space at the constant speed 𝑣3D (Fig. 2 bottom). As just explained, 276 
all 3D motion is in 𝑑1 (or else 𝑑1

′ ). Our ES diagrams (Fig. 2 top) must fulfill these require- 277 
ments: (1) According to our first postulate, both rockets must move at the speed 𝑐. (2) Our 278 
second postulate must be fulfilled. (3) Both rockets started at the same point P. There is 279 
only one way of how to draw our ES diagrams: We must rotate the two reference frames 280 
with respect to each other. Only a rotation guarantees full symmetry, so that the laws of 281 
physics have the same form in the 3D spaces of R and of B. 282 

We now verify two effects in ES: (1) Since B moves relative to R, the proper 3D space 283 
of B is rotated with respect to the proper 3D space of R causing length contraction. (2) Since 284 
B moves relative to R, the time of B and the time of R flow in different directions causing 285 
time dilation. We define 𝐿𝑖,R (or 𝐿𝑖,B) as length of the rocket 𝑖 as measured by the observer 286 
R (or else B). In a first step, we project the blue rocket in Fig. 2 top left to the axis 𝑑1. 287 
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sin2 𝜑  + cos2 𝜑   =   (𝐿b,R/𝐿b,B)2  +  (𝑣3D/𝑐)2   =   1 , (7) 288 
 289 

𝐿b,R   =   𝛾−1 𝐿b,B     (Length contraction), (8) 290 
 291 

where 𝛾 = (1 − 𝑣3D
2 /𝑐2)−0.5 is the same Lorentz factor as in SR. The blue rocket appears 292 

contracted to observer R by the factor 𝛾−1. 293 

 294 
Fig. 2 ES diagrams and 3D projections for two identical rockets. All axes are in Ls (light seconds). 295 
Top left and top right: In the ES diagrams, both rockets are moving at the speed 𝑐, but in different 296 
directions. Bottom left: Projection to the 3D space of R. The relative speed is 𝑣3D. The blue rocket 297 
contracts to 𝐿b,R. Bottom right: Projection to the 3D space of B. The red rocket contracts to 𝐿r,B 298 

We now ask: Which distances will R observe in his axis 𝑑4? For the answer, we men- 299 
tally continue the rotation of the blue rocket in Fig. 2 top left until it is pointing vertically 300 
down (𝜑 = 0°) and serves as R’s ruler in the axis 𝑑4. In the projection to the 3D space of 301 
R, this ruler contracts to zero: The axis 𝑑4 “is suppressed” (disappears) for R. In a second 302 
step, we project the blue rocket in Fig. 2 top left to the axis 𝑑4. 303 

 304 
sin2 𝜑  + cos2 𝜑   =   (𝑑4,B/𝑑4,B

′ )2  +  (𝑣3D/𝑐)2   =   1 , (9) 305 
 306 

𝑑4,B   =   𝛾−1 𝑑4,B
′  , (10) 307 

 308 
where 𝑑4,B (or 𝑑4,B

′ ) is the distance that B has moved in 𝑑4 (or else 𝑑4
′ ). With 𝑑4,B

′ = 𝑑4,R 309 
(full symmetry in ES) and the substitutions 𝑑4,B = 𝑐𝑡B and 𝑑4,R = 𝑐𝑡R, we get 310 

 311 
𝑡R   =   𝛾 𝑡B     (Einstein time dilation), (11) 312 

 313 
where 𝑡R (or 𝑡B) is the distance that R (or else B) has moved in the Einstein time 𝑡 of R. 314 
Eq. (11) tells us that the clock of B is slow with respect to R in the variable 𝑡, and not in 𝑡′. 315 
There is no Euclidean time dilation because 𝜏 is absolute (𝜏R = 𝜏B). At first, we thought: 316 
Einstein time is just an inconvenient concept. But when we realized that ER outperforms 317 
SR and GR (see Sect. 5), we concluded that the issue in Einstein time is real. 318 

Be aware that the Lorentz factor 𝛾 in Eqs. (8) and (11) is the same as in SR. The factor 319 
𝛾 and thus length contraction and time dilation are recovered in ER despite its Euclidean 320 
metric. This is no surprise because Weyl already showed that the generators of the Lorentz 321 
group are 4D rotations [17]. Montanus [8] and Gersten [11] demonstrated that the Lorentz 322 
transformation is recovered in ER. So, we won’t repeat the proof here. Predictions made by 323 
SR are correct because the Lorentz transformation is equivalent to a 4D rotation. 324 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 March 2023                   doi:10.20944/preprints202207.0399.v25

https://doi.org/10.20944/preprints202207.0399.v25


 8 of 20 
 

 

In order to understand how an acceleration in 3D space manifests itself in ES, let us 325 
assume that the blue rocket b in Fig. 3 accelerates in the axis 𝑑1. According to Eq. (6), the 326 
speed 𝑢1 of b must then increase at the expense of its speed 𝑢4. So, b is rotating and moving 327 
along a curved trajectory in Cartesian ES coordinates. Any acceleration of an object in 3D space 328 
relates to a 4D rotation and a curved trajectory in Cartesian ES coordinates. 329 
 330 

 331 
Fig. 3 ES diagram and 3D projection for two identical rockets. Top: In the ES diagram, the red rocket 332 
moves in the steady axis 𝑑4. The blue rocket accelerates in the axis 𝑑1. Its speed 𝑢1 increases at the 333 
expense of its speed 𝑢4. Bottom: Projection to the 3D space of R. The red rocket is “at rest”. The blue 334 
rocket accelerates against the red rocket 335 

Up next, we demonstrate that the ES geometry can also improve our understanding 336 
of gravitation. Let us imagine that Earth is located to the right of the blue rocket in Fig. 3 337 
bottom. We assume that the blue rocket is accelerating in the gravitational field of Earth. 338 
Eq. (6), which we applied for drawing Fig. 3, tells us: If an object accelerates in the axis 𝑑1 339 
of an observer, it automatically decelerates in his axis 𝑑4, and vice versa. We conclude: If 340 
an object accelerates in an observer’s proper 3D space, its clocks decelerate with respect 341 
to his clocks. Be aware that this effect is observed only in Einstein time where an observer 342 
projects an object’s proper flow of time to his proper flow of time. 343 

Understanding gravitation is still one of the biggest challenges of physics. Gravita- 344 
tional waves support the idea of GR that gravitation is a property of spacetime. Yet they 345 
might be predicted by ER, too. The measurement of gravitational waves [18] was a great 346 
achievement of physics, but even they can’t make GR compatible with quantum mechan- 347 
ics. Physics, especially particle physics, is still considering gravitation a force that has not 348 
yet been unified with the other forces of physics. We claim that curved trajectories in Carte- 349 
sian ES coordinates replace “curved spacetime” in GR. Eq. (6) is the key equation which relates 350 
a motion in 𝑑4 to a motion in 𝑑1. To support our claim, we now calculate time dilation in 351 
the gravitational field of Earth. Clock A is very far away from Earth and is emitting time 352 
signals at infinitesimally short intervals. Receiver B with the mass 𝑚 starts at the position 353 
of A, approaches Earth, and detects these time signals. The kinetic energy of B is 354 

 355 
1

2
 𝑚 𝑢1,B

2   =   𝐺 𝑀 𝑚/𝑟 , (12) 356 
 357 

where 𝑢1,B is the speed of B in the axis 𝑑1 of A, 𝐺 is the gravitational constant, 𝑀 is the 358 
mass of Earth, and 𝑟 is the distance of B to Earth’s center. By applying Eq. (6), we get 359 

 360 
𝑢1,B

2  +  𝑢4,B
2   =   2 𝐺 𝑀/𝑟 + 𝑢4,B

2   =   𝑐2 , (13) 361 
 362 

𝑢4,B
2 /𝑐2   =   1 −  2 𝐺 𝑀/(𝑟𝑐2) , (14) 363 
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where 𝑢4,B is the speed of B in the axis 𝑑4 of A. With 𝑢4,B = d𝑑4,B/d𝑡A and 𝑐 = d𝑑4,B/d𝑡B 364 
(there is no steady axis 𝑑4

′  because of the accelerated motion of B), we get 365 
 366 

d𝑡B   =   (1 −  2 𝐺 𝑀/(𝑟𝑐2))0.5 d𝑡A , (15) 367 
 368 

d𝑡A   =   𝛾grav d𝑡B     (Gravitational time dilation), (16) 369 
 370 

where d𝑡A (or d𝑡B) is the distance that A (or else B) has moved in the Einstein time 𝑡 of 371 
A in between consecutive time signals. There is gravitational time dilation only in Einstein 372 
time. The dilation factor 𝛾grav = (1 − 2𝐺𝑀/(𝑟𝑐2))−0.5 is the same as in GR [2]. It has the 373 
same form as 𝛾 if we set 2𝐺𝑀/𝑟 equal to 𝑣3D

2 . Be aware that Eq. (16) is independent of 374 
𝑢1,B. So, Eq. (16) applies whether or not B is still moving relative to A. 375 

We finish this section by discussing three instructive paradoxes (Fig. 4). They demon- 376 
strate the benefit of our concept “distance” and of the projections from ES to an observer’s 377 
reality. Problem 1: A rocket moves along a guide wire. In ES, rocket and wire move at the 378 
speed 𝑐. We assume that the wire moves in some axis 𝑑4. As the rocket moves along the 379 
wire, its speed in 𝑑4 must be slower than 𝑐. Wouldn’t the wire eventually be outside the 380 
rocket? Problem 2: In billiards, a cue ball is hit to collide with the red ball. In ES, cue ball 381 
and red ball move at the speed 𝑐. We assume that the red ball moves in some axis 𝑑4. As 382 
the cue ball covers spatial distance to the red ball, its speed in 𝑑4 must be slower than 𝑐. 383 
How can the balls collide if their 𝑑4 values never match? Problem 3: A mirror is passing 384 
a rocket. An observer in the rocket’s tip sends a light pulse to the mirror and tries to detect 385 
the reflection. In ES, all objects move at the speed 𝑐, but in different directions. We assume 386 
that the rocket moves in some axis 𝑑4. How can the observer detect the reflection? 387 

 388 
Fig. 4 Graphical solutions to three geometric paradoxes. Left: A rocket moves along a guide wire. 389 
In 3D space, the guide wire remains within the rocket. Center: A cue ball is hit to collide with the 390 
red ball. In 3D space, the cue ball collides with the red ball. Right: An observer in a rocket’s tip tries 391 
to detect the reflection of a light pulse. Between two snapshots (0–1 or 1–2), rocket, mirror, and light 392 
pulse move 0.5 Ls in ES. In 3D space, the light pulse is reflected back to the observer 393 

The questions in the last paragraph seem to imply that there are geometric paradoxes 394 
in ER, but there aren’t. The fallacy in all problems lies in the assumption that there would 395 
be four observable (spatial) dimensions. Yet just three distances of ES are observable! We 396 
solve all problems by projecting 4D ES orthogonally to 3D space (Fig. 4). Then the axis 𝑑4 397 
is suppressed. The projection tells us what an observer’s reality is like because “suppressing 𝑑4” 398 
is equivalent to “length contraction makes 𝑑4 disappear”. Suppressed distance is felt as time. 399 
We easily verify in 3D space: The guide wire remains within the rocket; the cue ball col- 400 
lides with the red ball; the light pulse is reflected back to the observer. Other ER models 401 
[8–13] run into paradoxes as they don’t project ES to an observer’s proper 3D space. 402 
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5. Solving 15 Fundamental Mysteries of Physics 403 

In this section, we demonstrate that ER outperforms SR and GR in the understanding 404 
of time, time’s arrow, 𝑚𝑐2, cosmology, quantum mechanics, and particle physics. 405 

5.1. Solving the Mystery of Time 406 

Euclidean time is radial distance 𝑟 from an origin O (Big Bang, see Sect. 5.6) divided 407 
by 𝑐. The natural concept of time originates from the Big Bang rather than from an observer. Time 408 
can’t be observed as it disappears because of length contraction. Since time flows in count- 409 
less directions, the metaphor of time being one 1D line is limited. There is no definition of 410 
Einstein time other than “what I read on my watch” (attributed to Einstein himself). 411 

5.2. Solving the Mystery of Time’s Arrow 412 

“Time’s arrow” is a synonym for time moving only forward. The arrow emerges from 413 
the Big Bang: The 4D vectors “flow of time” can’t be reversed because radial momentum 414 
provided by the Big Bang drives all energy irreversibly away from the origin O. 415 

5.3. Solving the Mystery of 𝑚𝑐2 416 

In SR, where forces are absent, the total energy 𝐸 of an object is given by 417 
 418 

𝐸  =   𝛾 𝑚 𝑐2   =   𝐸kin,3D  +  𝑚 𝑐2 , (17) 419 
 420 

where 𝐸kin,3D is an object’s kinetic energy in 3D space and 𝑚𝑐2 is its “energy at rest”. SR 421 
doesn’t tell us why there is a 𝑐2 in the energy of objects that in SR never move at the speed 422 
of light. ER gives us this missing clue and is thus superior to SR: 𝑚𝑐2 is the kinetic energy 423 
of moving through the fourth dimension. The 𝑐2 in Eq. (17) is strong evidence that everything 424 
is moving through ES at the speed 𝑐, while it is at rest in its proper 3D space. There is also 425 

 426 
𝐸2   =   𝑝2 𝑐2   =   𝑝3D

2  𝑐2  +  𝑚2 𝑐4 , (18) 427 
 428 

where 𝑝 and 𝑝3D are the momenta of an object in ES and in 3D space. Dividing Eq. (18) 429 
by 𝑐2 gives us the vector addition of an object’s momentum in its proper 3D space and its 430 
momentum 𝑚𝑐 of moving through the fourth dimension. 431 

5.4. Solving the Mystery of Relativistic Effects 432 

In SR, length contraction and time dilation can be derived from the Lorentz transfor- 433 
mation, but the physical cause of these relativistic effects remains in the dark. As shown 434 
in Sect. 4, ER discloses that they stem from projecting ES to an observer’s reality. 435 

5.5. Solving the Mystery of Gravitational Time Dilation 436 

Eq. (16) tells us: The Einstein time of an object in a gravitational field passes by more 437 
slowly with respect to an observer who is very far away from the center of the field. The 438 
object’s curved trajectory in Cartesian ES coordinates is projected to his proper 3D space 439 
(here the object accelerates) and to his proper flow of time (here the object decelerates). 440 
Curved trajectories in Cartesian ES coordinates replace “curved spacetime” in GR. 441 

5.6. Solving the Mystery of the Cosmic Microwave Background 442 

Now we are ready for a new model of cosmology, which is based on ER. There is no 443 
need to create ES. It exists just like numbers. Because of some reason that we don’t know, 444 
there was a Big Bang. In today’s model of cosmology, it makes no sense to ask where the 445 
Big Bang occurred: Because space inflated from a singularity, the Big Bang occurred eve- 446 
rywhere. In ES, it is indeed possible to localize the Big Bang at what we take as its origin O. 447 
The Big Bang injected a huge amount of energy into ES all at once. Ever since has all this 448 
energy been moving radially away from O at the speed 𝑐. 449 
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During the initial stage after the Big Bang, there was a huge amount of concentrated 450 
energy in ES. In the projection to any proper 3D space, this energy created a very hot and 451 
dense plasma. While the plasma was expanding, it cooled down. During the recombina- 452 
tion of plasma particles, electromagnetic radiation was emitted that we observe as cosmic 453 
microwave background (CMB) [19]. At a temperature of roughly 3,000 K, hydrogen atoms 454 
formed. According to today’s model of cosmology, this stage was reached approximately 455 
380,000 years “after” the Big Bang. In ER, these are 380,000 light years “away from” the 456 
Big Bang. The value “380,000” still needs to be recalculated if the universe has always been 457 
expanding at the constant speed 𝑐. 458 

Yet why is the CMB so isotropic? Here is our answer: The CMB is so isotropic because 459 
it is “swinging” equally from ES into all three dimensions of my 3D space (Fig. 5). To grasp 460 
the process of swinging, we mentally continue the rotation of the blue rocket in Fig. 2 top 461 
left until it is pointing vertically down. We then mentally replace this blue rocket with a 462 
photon and finally look at its projection to my 3D space. Here is what we learn from this 463 
thought experiment: In each photon, I actually observe energy from ES whose 4D motion 464 
swings “completely” (by an angle of 90°) into my 3D space. 465 

 466 
Fig. 5 Model of cosmology based on ER (not to scale). Artwork illustrating how a 3D hypersurface 467 
is expanding in ES. Left: Non-observable ES in hyperspherical coordinates (𝜙1, 𝜙2, 𝜙3, 𝑟). The angle 468 
𝜙3 can’t be displayed here. Hubble’s law is derived from the geometry of the hypersurface. Right: 469 
My 3D space in Cartesian coordinates (𝑑1, 𝑑2, 𝑑3), which is my view of the hypersurface and my 470 
reality. The axis 𝑑4 (related to time) disappears because of length contraction 471 

Our eyes aren't made for perceiving all four dimensions of ES. Yet we can conceive of 472 
them with our brain by employing our trick: rotating that blue rocket in Fig. 2 top left and 473 
looking at its projection to 3D space. This trick tells us that the process of swinging covers 474 
both operations: “Swinging” is one word for the combined action of rotating and project- 475 
ing. In my 3D space, I observe the final result of this combined action. 476 

We learned that a photon is energy whose 4D motion swings completely into my 3D 477 
space (𝑣3D = 𝑐). Matter is energy whose 4D motion swings “partly” (by an angle of < 90°) 478 
into my 3D space (𝑣3D < 𝑐). The swing angle of Earth is 0° as it doesn’t move relative to 479 
myself (𝑣3D = 0). We would be mistaken if we thought that the pure radial motion of energy in 480 
hyperspherical coordinates would prevent objects in my 3D space from moving towards each other. 481 
If the blue rocket in Fig. 2 top left reverses its speed 𝑢1, it will meet the red rocket again 482 
in the 3D projection. All dynamics in 3D space is pure geometry! 483 

Photons are moving in my view of the hypersurface at the speed 𝑐, while the entire 484 
hypersurface is expanding at the speed 𝑐. One may ask: Doesn’t a photon then exceed the 485 
speed 𝑐? No, it doesn’t. Speeds in my view of the hypersurface must not be added to the 486 
speed of the hypersurface itself. Each photon that I observe is energy from ES whose 4D 487 
motion swings completely into my 3D space. That is to say: In the speed 𝑐 of each photon, 488 
I already see the speed 𝑐 of the hypersurface. 489 
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5.7. Solving the Mystery of Hubble’s Law 490 

The 3D speed 𝑣3D at which a galaxy A is moving away from a galaxy B or from Earth 491 
relates to their distance 𝐷 as 𝑐 relates to the radius 𝑟 of the hypersurface (Fig. 5). 492 

 493 
𝑣3D   =   𝐷 𝑐/𝑟  =   𝐻0 𝐷     (Hubble’s law), (19) 494 

 495 
where 𝐻0 = 𝑐/𝑟 is the Hubble constant, 𝑐 is in km/s, and 𝑟 is in Mpc. There it is! Eq. (19) 496 
is Hubble’s law [20]: The farther a galaxy, the faster it is moving away from Earth. We derived 497 
it from the geometry of an expanding hypersurface. Because of Eq. (4a), there is 𝐻0 = 1/𝜏. 498 
So, it does make sense to speak of a “Hubble function” 𝐻(𝜏) = 1/𝜏. Be aware that we must 499 
be very careful with the popular metaphor of an inflating balloon. The 3D hypersurface 500 
shown in Fig. 5 only looks like the surface of a 3D sphere because the angle 𝜙3 can’t be 501 
displayed in such a 2D illustration. 502 

5.8. Solving the Mystery of the Flat Universe 503 

Because the entire hypersurface is expanding at the speed of light (Fig. 5), the radial 504 
dimension disappears for any observer inside the hypersurface. Together with this dimen- 505 
sion, the 4D curvature of the 3D hypersurface disappears as well. He observes a flat 3D 506 
universe. His situation compares to that of an ant: Since it observes just two dimensions 507 
of space, the 3D curvature of Earth’s 2D surface disappears for the ant. 508 

5.9. Solving the Mystery of Cosmic Inflation 509 

Many physicists believe that an inflation of space in the early universe [21,22] would 510 
explain the isotropic CMB, the flatness of the universe, and large-scale structures (inflated 511 
from quantum fluctuations). We showed that an expanding 3D hypersurface can explain 512 
the first two of these observations. It also explains the third observation if we only assume 513 
that there had been quantum fluctuations in energy in the early hypersurface. Ever since 514 
have the impacts of all these quantum fluctuations been expanding at the speed of light. 515 
Cosmic inflation is a redundant concept. 516 

5.10. Solving the Mystery of Competing Hubble Constants 517 

There are several methods of calculating the Hubble constant 𝐻0, but unfortunately 518 
the results vary from one method to another. Here we consider measurements of the CMB 519 
made with the Planck space telescope [23]. We compare them with calculations of calibrated 520 
distance ladder techniques (measurement of distance and redshift of celestial objects) us- 521 
ing the Hubble space telescope [24]. By taking the ES geometry into account, we now explain 522 
why the values of 𝐻0 obtained by these two teams don’t even match within the specified 523 
error margins. According to team A [23], there is 𝐻0 = 67.66 ± 0.42 km/s/Mpc. According 524 
to team B [24], there is 𝐻0 = 73.52 ± 1.62 km/s/Mpc. 525 

Team B made efforts to minimize the error margin by optimizing the distance meas- 526 
urements. Yet, as we will prove now, misinterpreting the redshift measurements causes a 527 
systematic error in team B’s calculation of 𝐻0. Let us assume that 67.66 km/s/Mpc would 528 
be today’s value of 𝐻0. Here we simulate a supernova at a distance of 𝐷 = 400 Mpc from 529 
Earth. It is moving at the 3D speed 𝑣3D away from Earth. Eq. (19) gives us 530 

 531 
𝑣3D   =   𝐻0 𝐷  =   27,064 km/s , (20) 532 

 533 
𝑧  =   Δ𝜆/𝜆0   ≅   𝑣3D/𝑐  =   0.0903 , (21) 534 

 535 
where the redshift parameter 𝑧 tells us how any wavelength 𝜆0 of the supernova’s light 536 
is either passively stretched by an expanding space (team B)—or how it is redshifted by the 537 
Doppler effect of objects that are actively receding in ES (our model). 538 
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In this and the next paragraph, we demonstrate that team B will measure a too-high 539 
value 𝑧′, and thus calculate a too-high value 𝑣3D

′ , and thus calculate a too-high value 𝐻0
′ . 540 

Fig. 6 left shows the geometry of the supernova and Earth in hyperspherical coordinates. 541 
There is one circle called “past”, where the supernova occurred, and a second circle called 542 
“present”, where its light is observed on Earth. Today, this supernova has turned into a 543 
neutron star. Fig. 6 top right shows the same geometry, but in Cartesian coordinates. Since 544 
everything is moving through ES at the speed 𝑐, Earth has moved the distance 𝐷 in 𝑑4 545 
when the supernova’s light arrives. Hence, team B is receiving data from a time 𝜏′ = 1/𝐻0

′  546 
when there was a different radius 𝑟′ and a different Hubble constant 𝐻0

′ . 547 
 548 

1/𝐻0
′   =   𝑟′/𝑐  =   (𝑟 − 𝐷)/𝑐  =   1/𝐻0  −  𝐷/𝑐 , (22) 549 

 550 
𝐻0

′   =   74.37 km/s/Mpc . (23) 551 
 552 
Because of this higher value and of Eq. (19), all data measured and calculated by team 553 

B relate to a higher 3D speed 𝑣3D
′ = 29,748 km/s for the same 𝐷. So, because of Eq. (21) 554 

this is going to happen: Team B measures a redshift of 𝑧′ = 0.0992, which is indeed higher 555 
than 0.0903. Because of this too-high value of 𝑧′, team B will calculate 𝑣3D

′ = 29,748 km/s 556 
from Eq. (21) and thus 𝐻0

′ = 74.37 km/s/Mpc from Eq. (19). Hence, team B will conclude 557 
that 74.37 km/s/Mpc would be today’s value 𝐻0. In truth, team B ends up with a value 𝐻0

′  558 
of the past because it isn’t aware of Eq. (22) and of the ES geometry shown in Fig. 6. 559 

 560 
Fig. 6 ES diagrams for team B’s calculation of the Hubble constant. The location of the Big Bang 561 
serves as the origin O. Left: We assume that 67.66 km/s/Mpc would be today’s value of the Hubble 562 
constant 𝐻0 (present). A supernova S’ occurred in the past when the radius 𝑟′ of the hypersurface 563 
was smaller than today’s radius 𝑟. Right: Team B observes S’ and measures a distance of 400 Mpc. 564 
Since the occurrence of S’, Earth has also moved 400 Mpc, but in the axis 𝑑4. Team B calculates a 565 
Hubble constant 𝐻0

′  of the past (74.37 km/s/Mpc). A supernova S occurring today (same distance, 566 
small white circle) recedes slower (27,064 km/s) than a supernova S’ in the past (29,748 km/s) 567 

For a shorter distance of 𝐷 = 400 kpc, Eq. (22) tells us that team B’s Hubble constant 568 
𝐻0

′  deviates from team A’s Hubble constant 𝐻0 by only 0.009 percent. Yet when plotting 569 
𝑣3D

′  versus 𝐷 for various distances (we chose 50 Mpc, 100 Mpc, 150 Mpc, ..., and 450 Mpc 570 
as we didn’t have the raw distance data used by [24]), the resulting slope (team B’s Hubble 571 
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constant) is 8 to 9 percent higher than team A’s Hubble constant. We kindly ask team B to 572 
improve its calculation by eliminating the systematic error in the redshift measurement. 573 
It must adjust the calculated speed 𝑣3D

′  to today’s speed 𝑣3D by converting Eq. (22) to 574 
 575 

𝐻0
′   =   𝐻0 𝑐 / (𝑐 − 𝐻0 𝐷)   =   𝐻0 / (1 − 𝑣3D/𝑐) , (24) 576 

 577 
𝑣3D   =   𝑣3D

′  / (1 + 𝑣3D
′ /𝑐) . (25) 578 

 579 
We conclude: The redshift is caused by the Doppler effect of objects that are actively receding 580 

in ES. Matching the two competing values of 𝐻0 (team B’s published value is indeed 8 to 581 
9 percent higher than team A’s value) is probably the strongest proof of our theory. Team 582 
A’s value is correct: 𝐻0 = 67 − 68 km/s/Mpc. If the 3D hypersurface has been expanding 583 
uniformly at the speed 𝑐, the age of today’s universe is equal to 1/𝐻0. In this case, its age 584 
wouldn’t be 13.8 billion years [25], but 14.5 billion years. The adjusted age would explain 585 
the observation that there are stars out there as old as 14.5 billion years [26]. 586 

As pointed out in Sect. 3, there is no motion within the hypersurface in hyperspheri- 587 
cal coordinates. This is why we can’t draw the path of the supernova’s light in Fig. 6 left. 588 
Only in Cartesian ES coordinates (Fig. 6 top right) can we display the light’s path horizon- 589 
tally as we already did in Fig. 4 top right. In order to see an observer’s reality, we have to 590 
project Cartesian ES coordinates to his proper 3D space (Fig. 6 bottom right). 591 

Of course, team B is well aware of the fact that the supernova’s light was emitted in 592 
the past. Yet in the Lambda-CDM model, all that counts is the timespan Δ𝑡 during which 593 
light is traveling from the supernova to Earth. Along the way, its wavelength is passively 594 
stretched by expanding space. So, the total redshift is only developing during the journey 595 
to Earth. We can put it this way: The redshift parameter 𝑧′ starts from zero and increases 596 
continuously during the journey to Earth. The fact that the supernova occurred long ago 597 
in the past at a time 𝑡s is irrelevant for team B’s calculation. 598 

In ER, the moment 𝜏s (when a supernova occurs) is significant, but the timespan Δ𝜏 599 
(during which light is traveling to Earth) is irrelevant. The wavelength of the supernova’s 600 
light is initially redshifted by the Doppler effect. During its journey to Earth, the parame- 601 
ter 𝑧′ remains constant. Here we can put it this way: The redshift parameter 𝑧′ is tied up 602 
at the moment τs “in a package” and sent to Earth, where it is measured. In the Lambda- 603 
CDM model, space itself is expanding. In ER, a hypersurface is expanding in ES. The hyper- 604 
surface isn’t expanding space, but energy that is actively receding from the origin O. 605 

5.11. Solving the Mystery of Dark Energy 606 

The CDM model of cosmology assumes an expanding space to explain the distance- 607 
dependent recession of celestial objects. Meanwhile, it has been extended to the Lambda- 608 
CDM model, where Lambda is the cosmological constant. Cosmologists are now favoring 609 
an accelerating expansion [27,28] over a uniform expansion. This is because the calculated 610 
recession speeds deviate from values predicted by Eq. (19) if 𝐻0 is taken as an averaged 611 
constant. The deviations increase with distance 𝐷 and are compensated by assuming an 612 
accelerating expansion of space. Such an acceleration would stretch the wavelength even 613 
more and thus increase the recession speeds according to Eq. (21). 614 

Our model gives a much simpler explanation for the deviations from Hubble’s law: 615 
Because of Eq. (4a), there is 𝐻0 = 1/𝜏. So, 𝐻0 isn’t a constant. 𝐻0

′  from each past is higher 616 
than today’s value. The older the considered redshift data are, the more will 𝐻0

′  deviate 617 
from today’s value 𝐻0, and the more will 𝑣3D

′  deviate from 𝑣3D. The small white circle in 618 
Fig. 6 top right helps us understand these deviations: If a new supernova S occurred today 619 
at the same distance 𝐷 = 400 Mpc as the mapped supernova S’ in the past, then S would 620 
recede slower (27,064 km/s) than S’ (29,748 km/s) just because of the different values of 621 
𝐻0 and 𝐻0

′ . As long as the ES geometry is unknown, the too-high redshifts are attributed 622 
to an accelerating expansion of space. Now that we know about the ES geometry, we can 623 
attribute different redshifts to data from different pasts. 624 
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We conclude that any expansion of space—uniform as well as accelerating—is only 625 
virtual. There is no accelerating expansion of the universe even if a Nobel Prize was given 626 
“for the discovery of the accelerating expansion of the Universe through observations of 627 
distant supernovae” [29]. This phrasing actually contains two misconceptions: (1) In the 628 
Lambda-CDM model, the term “universe” implies space, but space isn’t expanding at all. 629 
(2) There is a uniform expansion of a 3D hypersurface (which is receding energy), but no 630 
accelerating expansion whatsoever. Expansion of space is a redundant concept. 631 

The term “dark energy” [30] was coined to come up with a cause for an accelerating 632 
expansion of space. Because there is no accelerating expansion of space, dark energy is a 633 
redundant concept, too. It has never been observed anyway. Radial momentum provided 634 
by the Big Bang drives all energy away from the origin O. So, the receding hypersurface 635 
is driven by itself rather than by dark energy. 636 

Tab. 1 summarizes huge differences in the meaning of the Big Bang, universe, space, 637 
and time. In the Lambda-CDM model, the Big Bang was the beginning of the universe. In 638 
our model, the Big Bang was the injection of energy into ES. In the Lambda-CDM model, 639 
the universe is all space, all time, and all energy. In our model, the universe is my view of 640 
a 3D hypersurface (of receding energy). In the Lambda-CDM model, spacetime is curved. 641 
In our model, curved trajectories in Cartesian ES coordinates relate to accelerations in an 642 
observer’s proper 3D space and in his proper flow of time. While the Lambda-CDM model 643 
isn’t compatible with quantum mechanics, our model is compatible. 644 

 645 
Tab. 1 Comparing the Lambda-CDM model with our model of cosmology 646 

5.12. Solving the Mystery of the Wave–Particle Duality 647 

We can’t tell which solved mystery is the most important one. Yet the wave–particle 648 
duality has certainly kept physicists busy since it was first discussed by Niels Bohr and 649 
Werner Heisenberg [31]. The Maxwell equations tell us that electromagnetic waves are 650 
oscillations of an electromagnetic field that move through 3D space at the speed of light 651 
𝑐. In some experiments, objects behave like “waves” (electromagnetic wave packets). But 652 
in other experiments, the same objects behave like particles. In today’s physics, an object 653 
can’t be both at once because waves distribute energy in space over time, while the energy 654 
of particles is localized in space at a given time. This is why we added our third postulate: 655 
All energy is “wavematter” (electromagnetic wave packet and matter in one). By combin- 656 
ing our concepts of distance and wavematter, we now demonstrate: Waves and particles are 657 
actually the same thing (energy), but seen from two perspectives. 658 

Fig. 7 illustrates in Cartesian ES coordinates what our new concept of wavematter is 659 
all about. If I observe a wavematter (we call it the “external view”), this wavematter comes 660 
in four orthogonal dimensions: It propagates in my axis 𝑑1 at some speed 𝑣3D ≤ 𝑐, and it 661 
oscillates in my axes 𝑑2 (electric field) and 𝑑3 (magnetic field); propagating and oscillat- 662 
ing are functions of Euclidean time 𝜏 (related to my fourth axis 𝑑4). So, I can observe how 663 
this wavematter is propagating and oscillating: I deem it wave. 664 
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 665 
Fig. 7 Concept of wavematter. Artwork illustrating how one object can be deemed wave or matter. 666 
Wavematter comes in four orthogonal dimensions: propagation, electric field, magnetic field, and 667 
Euclidean time. Each wavematter deems itself matter at rest (internal or in-flight view). If it is ob- 668 
served by some other wavematter (external view), it is deemed wave 669 

From its own perspective (we call it the “internal view” or the “in-flight view”), each 670 
wavematter propagates in its axis 𝑑4

′  at the speed 𝑐. Yet because of length contraction at 671 
the speed 𝑐, the axis 𝑑4

′  is suppressed for this wavematter. So, its own propagating and 672 
oscillating disappears for itself: It deems itself matter at rest. It still observes the other objects 673 
propagating and oscillating in its proper 3D space as it keeps on feeling Euclidean time, 674 
while it is invisibly propagating in its axis 𝑑4

′ . We conclude that there is an external view 675 
and an internal view of each wavematter. Be aware that “wavematter” isn’t just another 676 
word for the duality, but a generalized concept of energy disclosing why there is a wave– 677 
particle duality in an observer’s proper 3D space. In today’s physics, there is no reference 678 
frame moving at the speed 𝑐 and thus no internal view of a photon. 679 

As an example, we now investigate the symmetry in three wavematters WM1, WM2, 680 
and WM3. We assume that they are all moving away from the same point P in ES, but in 681 
different directions (Fig. 8 top left). 𝑑1, 𝑑2, 𝑑3, 𝑑4 are Cartesian coordinates in which WM1 682 
moves only in 𝑑4. Hence, 𝑑4 is that axis which WM1 deems time multiplied by 𝑐, and 683 
𝑑1, 𝑑2, 𝑑3 span WM1’s 3D space (Fig. 8 bottom left). As the axis 𝑑4 disappears because of 684 
length contraction, WM1 deems itself matter at rest (M1). WM3 moves orthogonally to 685 
WM1. 𝑑1

′ , 𝑑2
′ , 𝑑3

′ , 𝑑4
′  are Cartesian coordinates in which WM3 moves only in 𝑑4

′  (Fig. 8 top 686 
right). In this case, 𝑑4

′  is that axis which WM3 deems time multiplied by 𝑐, and 𝑑1
′ , 𝑑2

′ , 𝑑3
′  687 

span WM3’s 3D space (Fig. 8 bottom right). As the axis 𝑑4
′  disappears because of length 688 

contraction, WM3 also deems itself matter at rest (M3). 689 

 690 
Fig. 8 ES diagrams and 3D projections for three wavematters. Top left: ES in coordinates where 691 
WM1 moves in 𝑑4. Top right: ES in coordinates where WM3 moves in 𝑑4

′ . Bottom left: Projection 692 
to WM1’s 3D space. WM1 deems itself matter at rest (M1) and WM3 wave (W3). Bottom right: Pro- 693 
jection to WM3’s 3D space. WM3 deems itself matter at rest (M3) and WM1 wave (W1) 694 
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Yet how do WM1 and WM3 move in each other’s view? We must fulfill our first two 695 
postulates and the requirement that they both started at the same point P. There is only 696 
one way of how to draw our ES diagrams: We must rotate the two reference frames with 697 
respect to each other. Only a rotation guarantees full symmetry, so that the laws of physics 698 
have the same form in the 3D spaces of WM1 and of WM3. As the rotation angle is 90°, 699 
WM3’s 4D motion swings completely into WM1’s 3D space. So, WM1 deems WM3 wave 700 
(W3), while WM3 deems WM1 wave (W1). Regarding WM2, we split its 4D motion into a 701 
motion parallel to WM1’s motion (internal view) and a motion orthogonal to WM1’s mo- 702 
tion (external view). So, WM1 deems WM2 either matter (M2) or wave (W2). 703 

The secret to understanding our new concepts “distance” and “wavematter” is all in 704 
Fig. 8. Here we see how they go hand in hand: We claim the symmetry of all four Cartesian 705 
coordinates in ES and—on top of that—the symmetry of all objects in ES. What I deem wave, 706 
deems itself matter. Just as distance is spatial and temporal distance in one, so is wavematter 707 
wave and matter in one. Here is a compelling reason for this unique claim of our theory: 708 
Einstein taught that energy is equivalent to mass. Full symmetry of matter and waves is a 709 
consequence of this equivalence. As the axis 𝑑4 disappears because of length contraction, 710 
the energy in a propagating wave “condenses” to mass in matter at rest. 711 

In a double-slit experiment, an observer detects coherent waves that pass through a 712 
double-slit and produce some pattern of interference on a screen. We already know that 713 
he observes wavematters from ES whose 4D motion swings by an angle of 90° into his 714 
proper 3D space. He deems all these wavematters waves because he isn’t tracking through 715 
which slit each wavematter is passing. If he did, the interference pattern would disappear 716 
immediately. So, he is a typical external observer. 717 

The photoelectric effect is quite different. Of course, one can externally witness how 718 
one photon releases one electron from a metal surface. But the physical effect itself (“Do I 719 
have enough energy to release one electron?”) is all up to the photon’s view. Only if the 720 
photon’s energy exceeds the binding energy of an electron is this electron released. So, we 721 
must interpret the photoelectric effect from the internal view of each wavematter. Here its 722 
view is crucial! It behaves like a particle, which is commonly called “photon”. 723 

The wave–particle duality is also observed in matter, such as electrons [32]. Accord- 724 
ing to our third postulate, electrons are wavematter, too. From the internal view (if I track 725 
them), electrons are particles: “Which slit will I go through?” From the external view (if I 726 
don’t track them), electrons behave more like waves. Because I automatically track slow 727 
objects, I deem all macroscopic wavematters matter: Their speed in my 3D space is rather 728 
low compared with the speed of light thus favoring the internal view. This justifies draw- 729 
ing solid rockets and celestial objects in most of our ES diagrams. 730 

5.13. Solving the Mystery of Quantum Entanglement 731 

The term “entanglement” [33] was coined by Erwin Schrödinger when he published 732 
his comment on the Einstein–Podolsky–Rosen paradox [34]. The three authors argued that 733 
quantum mechanics wouldn’t provide a complete description of reality. John Bell proved 734 
that quantum mechanics is incompatible with local hidden-variable theories [35]. Schrö- 735 
dinger’s word creation didn’t solve the paradox, but demonstrates up to the present day 736 
the difficulties that we have in comprehending quantum mechanics. Several experiments 737 
have meanwhile confirmed that entangled particles violate the concept of locality [36–38]. 738 
Ever since has quantum entanglement been considered a non-local effect. 739 

We will now “untangle” quantum entanglement without the issue of non-locality. All 740 
we need to do is discuss quantum entanglement in ES. Fig. 9 illustrates two wavematters 741 
that were created at once at the same point P and move away from each other in opposite 742 
directions at the speed 𝑐. We claim that these wavematters are entangled. We assume that 743 
these wavematters are moving in the axes 𝑑4 and −𝑑4, respectively. If they are observed 744 
by a third wavematter that is moving in a direction other than 𝑑4, they are deemed two 745 
objects. This third wavematter can’t understand how the entangled wavematters are able 746 
to communicate with each other in no time. This is again the external view. 747 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 March 2023                   doi:10.20944/preprints202207.0399.v25

https://doi.org/10.20944/preprints202207.0399.v25


 18 of 20 
 

 

 748 
Fig. 9 Quantum entanglement in ES. Artwork illustrating internal view and external view. For each 749 
displayed wavematter, the axis 𝑑4 disappears because of length contraction. It deems its twin and 750 
itself one object (internal view). For a third wavematter that is moving in a direction other than 𝑑4, 751 
the axis 𝑑4 doesn’t disappear. It deems the displayed wavematters two objects (external view) 752 

And here comes the internal (in-flight) view in ES: For each entangled wavematter in 753 
Fig. 9, the axis 𝑑4 disappears because of length contraction at the speed 𝑐. That is to say: 754 
In the projection to their common 3D space spanned by 𝑑1, 𝑑2, 𝑑3, either wavematter deems 755 
itself at the very same position as its twin. From either perspective, they are one object that has 756 
never been separated. This is why they communicate with each other in no time! Entangle- 757 
ment is another strong evidence that everything is moving through ES at the speed 𝑐. Our 758 
solution to entanglement isn’t limited to photons. Electrons or atoms can be entangled as 759 
well. They move at a speed 𝑣3D < 𝑐 in my 3D space, but in their axis 𝑑4 they also move 760 
at the speed 𝑐. We conclude: Even non-locality is a redundant concept. 761 

5.14. Solving the Mystery of Spontaneity 762 

In spontaneous emission, a photon is emitted by an excited atom. Prior to the emission, 763 
the photon’s energy was moving with the atom. After the emission, this energy is moving 764 
by itself. Today’s physics can’t explain how this energy is boosted to the speed 𝑐 in no 765 
time. In ES, both atom and photon are moving at the speed 𝑐. So, there is no need to boost 766 
any energy to the speed 𝑐. All it takes is energy from ES whose 4D motion swings by an 767 
angle of 90° into an observer’s proper 3D space—and this energy speeds off all at once. 768 
In absorption, a photon is spontaneously absorbed by an atom. Today’s physics can’t ex- 769 
plain how the photon’s energy is slowed down to the atom’s speed in no time. In ES, both 770 
photon and atom are moving at the speed 𝑐. So, there is no need to slow down any energy. 771 
Similar arguments apply to pair production and annihilation. We consider spontaneity an- 772 
other clue that everything is moving through ES at the speed 𝑐. 773 

5.15. Solving the Mystery of the Baryon Asymmetry 774 

According to the Lambda-CDM model, almost all matter in the universe was created 775 
shortly after the Big Bang. Only then was the temperature high enough to enable the pair 776 
production of baryons and antibaryons. Yet the density was also very high so that baryons 777 
and antibaryons should have annihilated each other again. Since we do observe a lot more 778 
baryons than antibaryons today (also known as the “baryon asymmetry”), it is assumed 779 
that more baryons than antibaryons must have been produced in the early universe [39]. 780 
However, an asymmetry in pair production has never been observed. 781 

Our theory offers a unique solution to the baryon asymmetry: Since each wavematter 782 
deems itself matter, there was matter in 3D space right after the Big Bang. Pair production 783 
isn’t needed to create matter, and an asymmetry in pair production isn’t needed to explain 784 
the baryon asymmetry. There is much less antimatter than matter because antimatter is created 785 
only in pair production. One may ask why wavematter doesn’t deem itself antimatter, but 786 
this question is missing the point. Energy has two faces: wave and matter. “Antimatter” 787 
is matter, too, but with the opposite electric charge. 788 
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6. Conclusions 789 

To this day, all attempts to unify GR and quantum mechanics have failed miserably. 790 
In Sects. 5.1 through 5.15, ER solves mysteries which SR and GR either haven’t solved in 791 
100+ years—or that have meanwhile been solved, but only by applying concepts (cosmic 792 
inflation, expansion of space, dark energy, non-locality) that we proved to be redundant. 793 
Now we let Occam’s razor, a powerful tool in science, do its job: Because ER outperforms 794 
SR and GR, Occam’s razor knocks out Einstein time and these four redundant concepts. 795 
We also conclude: ER is compatible with quantum mechanics. Egocentric Einstein time pre- 796 
vents physicists from grasping the big picture in cosmology and quantum mechanics. We glimpse 797 
“behind the curtain” if we only replace Einstein time with Euclidean time. 798 

Since SR and GR have been experimentally confirmed many times over, they are con- 799 
sidered two of the greatest achievements of physics. We proved that their concept of time 800 
is flawed. Albert Einstein, one of the most brilliant physicists ever, wasn’t aware of ER. It 801 
was a wise decision to award him with the Nobel Prize for his theory of the photoelectric 802 
effect [40] rather than for SR or GR. We campaign for ER as it penetrates to a deeper level. 803 
For the first time ever, mankind understands the nature of time: We live in the 3D hyper- 804 
surface of an expanding 4D hypersphere—its radius, divided by the speed of light, is time! 805 
Just imagine: The human brain is able to grasp the idea that our energy is moving through 806 
ES at the speed of light. With that said, conflicts of mankind become all so small. 807 

ER solves 15 mysteries at once: (1) time, (2) time’s arrow, (3) 𝑚𝑐2, (4) relativistic ef- 808 
fects, (5) gravitational time dilation, (6) CMB, (7) Hubble’s law, (8) flat universe, (9) cosmic 809 
inflation, (10) competing Hubble constants, (11) dark energy, (12) wave–particle duality, 810 
(13) quantum entanglement, (14) spontaneity, (15) baryon asymmetry. These 15 solutions 811 
are 15 confirmations of ER. It isn’t unusual that new concepts give many answers at once. 812 
For quantum leaps in understanding, we must question existing concepts. It certainly was 813 
to our advantage that we weren’t dazzled by the success of SR and GR. Einstein sacrificed 814 
absolute space and time. We sacrifice the absoluteness of waves and matter, but we restore 815 
absolute time and pair it with an absolute hypersurface. Quantum leaps can’t be planned. 816 
They just happen like the spontaneous emission of a photon. ☺ 817 

We introduced new concepts of time, distance, and energy: (1) There is absolute time. 818 
(2) Spatial and temporal distance aren’t two, but one [41]. (3) Wave and matter aren’t two, 819 
but one. We explained these concepts and confirmed how powerful they are. We can even 820 
tell the source of their power: symmetry and beauty. Once you have cherished this beauty, 821 
you will never let it go again. Yet to cherish it, you first need to give yourself a little push— 822 
accepting that an observer’s reality is only created by projecting ES to his proper 3D space 823 
and to his proper flow of time. Questions like “Why would reality only be a projection?” 824 
must not be asked in physics. The magic of “reality being a projection” compares to the 825 
magic of “reality being a probability function”. The latter is well accepted. 826 

It looks like philosopher Plato was right with his Allegory of the Cave [42]: Mankind 827 
experiences a projection that is blurred because of quantum mechanics! We would be mis- 828 
taken if we thought that the concepts of nature were on the same level as all the tangible 829 
realities perceived by us. Our advice: Think of a problem in physics and try to solve it in 830 
ER. We predict that ER covers gravitational waves, too. Our new concepts lay the ground- 831 
work for ER. Anyone is welcome to join us. Hopefully, physics will be improved. 832 
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