
Contents

0.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1 Volume and Fields 5
1.1 Problems of spacetime . . . . . . . . . . . . . . . . . . . . . 5
1.2 New concept: dynamics of vacuum . . . . . . . . . . . . . . 6
1.3 Principle of linear superposition . . . . . . . . . . . . . . . . 6

1.3.1 Volume . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.3.2 Fields, tensors, waves and quanta . . . . . . . . . . . 8

1.4 1/r2 law of fundamental fields . . . . . . . . . . . . . . . . . 8
1.5 Homogeneous universe frame HUF . . . . . . . . . . . . . . 10
1.6 Equivalence principle and relativity . . . . . . . . . . . . . . 13
1.7 Schwarzschild metric, SSM: curvature . . . . . . . . . . . . . 14

1.7.1 Novel results about the SSM . . . . . . . . . . . . . . 14
1.8 SSM: gravitational field . . . . . . . . . . . . . . . . . . . . . 15

1.8.1 Field in curved spacetime . . . . . . . . . . . . . . . 15
1.8.2 Local measurements in curved spacetime . . . . . . . 16
1.8.3 Freely falling mass m . . . . . . . . . . . . . . . . . . 17
1.8.4 Metric . . . . . . . . . . . . . . . . . . . . . . . . . . 21

1.9 SSM: additional vacuum . . . . . . . . . . . . . . . . . . . . 26
1.10 Expansion of space . . . . . . . . . . . . . . . . . . . . . . . 28

1.10.1 DEQ of uniform scaling: derivation . . . . . . . . . . 29
1.10.2 Structured energy function . . . . . . . . . . . . . . . 29

1.11 Homogeneous metric: new vacuum . . . . . . . . . . . . . . 33
1.11.1 Rate of formed vacuum . . . . . . . . . . . . . . . . . 33

1.12 Vacuum formed according to FLE . . . . . . . . . . . . . . . 35
1.13 Formation of spacetime . . . . . . . . . . . . . . . . . . . . . 37

1.13.1 Nonlocality of GRT . . . . . . . . . . . . . . . . . . . 41
1.13.2 First solution of the EPR paradox . . . . . . . . . . . 42

2 Fields and Quadrupoles 43
2.1 Energy density of the field . . . . . . . . . . . . . . . . . . . 43
2.2 Dynamic mass of the field . . . . . . . . . . . . . . . . . . . 47
2.3 Quadrupolar symmetry . . . . . . . . . . . . . . . . . . . . . 49

iii



iv CONTENTS

2.3.1 Direction vector of the field . . . . . . . . . . . . . . 49
2.3.2 Quadrupole of the field . . . . . . . . . . . . . . . . . 50
2.3.3 Proposed quadrupolar factor . . . . . . . . . . . . . . 51
2.3.4 Physical properties . . . . . . . . . . . . . . . . . . . 52
2.3.5 Multipolar terms . . . . . . . . . . . . . . . . . . . . 52
2.3.6 Determination of coefficients for expansion . . . . . . 53
2.3.7 Determination of coefficients for field generating mass 55
2.3.8 Rate gravity four-vector, RGV . . . . . . . . . . . . . 56
2.3.9 An invariant energy density function in the HUF . . 59

2.4 Quadrupolar model for vacuum . . . . . . . . . . . . . . . . 60
2.4.1 Rate of formed volume analogous to strain . . . . . . 60
2.4.2 Generalized field tensor . . . . . . . . . . . . . . . . . 61
2.4.3 Generalized field tensor and rate tensor: . . . . . . . 63
2.4.4 Particular generalized rate tensors . . . . . . . . . . . 63

2.5 Vacuum formed by a mass with R = RS . . . . . . . . . . . 65
2.5.1 Vacuum formed in a shell . . . . . . . . . . . . . . . 65
2.5.2 Vacuum formed in a ball: . . . . . . . . . . . . . . . 66
2.5.3 Elongation caused by new vacuum . . . . . . . . . . 67

2.6 Calculation of fields . . . . . . . . . . . . . . . . . . . . . . . 70
2.7 Spacetime: scalar and tensor . . . . . . . . . . . . . . . . . . 71

3 Shortcut in spacetime 73
3.1 Planck scale . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

3.1.1 Planck density . . . . . . . . . . . . . . . . . . . . . 76
3.2 Energy of a possible shortcut . . . . . . . . . . . . . . . . . 77

3.2.1 Energy for one short connection . . . . . . . . . . . . 77
3.2.2 Energy for bending . . . . . . . . . . . . . . . . . . . 78
3.2.3 Energy for a long connection . . . . . . . . . . . . . . 79

3.3 Critical density ρcr.sc. for shortcuts . . . . . . . . . . . . . . 80
3.3.1 Sequence of critical densities . . . . . . . . . . . . . . 83

3.4 Geometry in the early universe . . . . . . . . . . . . . . . . 86
3.5 Energy skin . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
3.6 Energy skin of a photon . . . . . . . . . . . . . . . . . . . . 91
3.7 Explanation of NFV . . . . . . . . . . . . . . . . . . . . . . 95

3.7.1 NFV of visible particles . . . . . . . . . . . . . . . . 95

4 EPR Paradox 97
4.1 Summary of the EPR paradox . . . . . . . . . . . . . . . . . 97
4.2 Consequences of a measurement . . . . . . . . . . . . . . . . 99
4.3 Nonlocality . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
4.4 Necessity of nonlocality . . . . . . . . . . . . . . . . . . . . . 100
4.5 Possible solution of the EPR paradox . . . . . . . . . . . . . 101



CONTENTS v

4.5.1 Additional paths . . . . . . . . . . . . . . . . . . . . 101
4.5.2 Use of additional paths . . . . . . . . . . . . . . . . . 102
4.5.3 Wave functions and additional paths . . . . . . . . . 102

5 Waves of Spacetime 105
5.1 Problems of spacetime: waves . . . . . . . . . . . . . . . . . 105
5.2 DEQs for waves in vacuum . . . . . . . . . . . . . . . . . . . 106

5.2.1 DEQ in 4D spacetime . . . . . . . . . . . . . . . . . 107
5.3 Wave in vacuum . . . . . . . . . . . . . . . . . . . . . . . . . 108

5.3.1 Elongations of these waves . . . . . . . . . . . . . . . 109
5.3.2 Polarization of waves . . . . . . . . . . . . . . . . . . 109
5.3.3 Gravitational waves . . . . . . . . . . . . . . . . . . . 110
5.3.4 Linear combinations . . . . . . . . . . . . . . . . . . 111
5.3.5 Real RGWs . . . . . . . . . . . . . . . . . . . . . . . 111

5.4 Inhomogeneous DEQ . . . . . . . . . . . . . . . . . . . . . . 114
5.5 Inhomogeneous solution at a mass . . . . . . . . . . . . . . . 114
5.6 Energy of RGWs . . . . . . . . . . . . . . . . . . . . . . . . 117

5.6.1 Field energy of the RGW . . . . . . . . . . . . . . . . 119
5.6.2 Self gravity energy density SGE of the RGW . . . . . 119
5.6.3 Kinetic energy of the RGW . . . . . . . . . . . . . . 120
5.6.4 Polychromatic RGWs . . . . . . . . . . . . . . . . . . 121
5.6.5 Modes ranging up to Rlh . . . . . . . . . . . . . . . . 122

6 Quantization of Spacetime 125
6.1 Problems of spacetime: quanta . . . . . . . . . . . . . . . . 125
6.2 Quantization . . . . . . . . . . . . . . . . . . . . . . . . . . 125
6.3 RGW number states . . . . . . . . . . . . . . . . . . . . . . 127
6.4 Density limit ρlimit of expansion of space . . . . . . . . . . . 131

6.4.1 Light horizon Rlh(t) according to FLE . . . . . . . . 131
6.4.2 Density of radiation ρr(t) . . . . . . . . . . . . . . . . 132
6.4.3 Radius Rlh,limit corresponding to ρlimit . . . . . . . . 132
6.4.4 Physically observable lengths . . . . . . . . . . . . . 133

6.5 Dark energy: observed values . . . . . . . . . . . . . . . . . 135
6.5.1 Density ρΛ,CMB . . . . . . . . . . . . . . . . . . . . . 135
6.5.2 Density ρΛ,local probes . . . . . . . . . . . . . . . . . . . 136
6.5.3 Time evolution of density ρΛ . . . . . . . . . . . . . . 137

6.6 Dark energy: theory I . . . . . . . . . . . . . . . . . . . . . . 138
6.6.1 Universe with vacuum only . . . . . . . . . . . . . . . 138
6.6.2 RGWs originating at vacuum . . . . . . . . . . . . . 139
6.6.3 Plan of the derivation . . . . . . . . . . . . . . . . . 139
6.6.4 Propagation of RGWs . . . . . . . . . . . . . . . . . 140
6.6.5 Rate dε̇j originating at Mj . . . . . . . . . . . . . . . 141



vi CONTENTS

6.6.6 Integration of dε̇j originating in a shell . . . . . . . . 141
6.6.7 Integration of rates dε̇(R) . . . . . . . . . . . . . . . 142
6.6.8 Density of RGWs propagating from R0 . . . . . . . . 143
6.6.9 Equality of rates . . . . . . . . . . . . . . . . . . . . 143
6.6.10 Amount of formed vacuum . . . . . . . . . . . . . . . 145

7 Structure Formation 149
7.1 Description of matter fluctuations . . . . . . . . . . . . . . . 149
7.2 Fourier transformation of overdensities . . . . . . . . . . . . 151

7.2.1 Spectral power density . . . . . . . . . . . . . . . . . 152
7.2.2 Window function . . . . . . . . . . . . . . . . . . . . 153
7.2.3 Autocorrelation function . . . . . . . . . . . . . . . . 154

7.3 Time evolution of small overdensities . . . . . . . . . . . . . 155
7.3.1 Dynamics of D(t) . . . . . . . . . . . . . . . . . . . . 161
7.3.2 Linear dynamics of σR . . . . . . . . . . . . . . . . . 163
7.3.3 Fluctuations at the CMB . . . . . . . . . . . . . . . . 164
7.3.4 Estimates for a linear growth factor . . . . . . . . . . 165
7.3.5 Relation of H0 and D(z) . . . . . . . . . . . . . . . . 166
7.3.6 Linear dynamics for small fluctuations . . . . . . . . 167

7.4 Probes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
7.4.1 Probes providing values of H0 . . . . . . . . . . . . . 168
7.4.2 Probes providing values of σ8 . . . . . . . . . . . . . 168
7.4.3 Further probes . . . . . . . . . . . . . . . . . . . . . 169

7.5 Dark energy: theory II: time evolution . . . . . . . . . . . . 170
7.5.1 Rates of RGWs in the heterogeneous universe . . . . 172
7.5.2 Density of RGWs propagating from R0 . . . . . . . . 175
7.5.3 Equality of rates . . . . . . . . . . . . . . . . . . . . 176
7.5.4 Time evolution of H0(t) . . . . . . . . . . . . . . . . 177
7.5.5 Explanation of discrepancy between H0-values . . . . 178
7.5.6 Evolution of σ8(t) . . . . . . . . . . . . . . . . . . . . 180

8 Dimensional Transitions 185
8.1 Shortcuts in space . . . . . . . . . . . . . . . . . . . . . . . . 185
8.2 Mean field theory . . . . . . . . . . . . . . . . . . . . . . . . 186

8.2.1 Momentum term for D ≥ 3 . . . . . . . . . . . . . . 187
8.2.2 Gravity term for D ≥ 3 . . . . . . . . . . . . . . . . . 187
8.2.3 Special radii at scaled densities ρ̃D . . . . . . . . . . 188
8.2.4 Quantized FLE for pairs . . . . . . . . . . . . . . . . 190
8.2.5 Quantized FLE . . . . . . . . . . . . . . . . . . . . . 193
8.2.6 Condensation: Ground state . . . . . . . . . . . . . . 194
8.2.7 Minimization of reduced energy via ∆r̃j . . . . . . . 198
8.2.8 Minimization of reduced energy via D . . . . . . . . 199



CONTENTS vii

8.2.9 Distance enlargement factor . . . . . . . . . . . . . . 200
8.2.10 Calculation of the dimensional horizon . . . . . . . . 202

8.3 Field variance in a HUF . . . . . . . . . . . . . . . . . . . . 206
8.4 Bose gas at high density ρ̃ . . . . . . . . . . . . . . . . . . . 211

8.4.1 Photons at high density . . . . . . . . . . . . . . . . 213
8.4.2 Harmonic oscillators . . . . . . . . . . . . . . . . . . 214
8.4.3 Potential energy term . . . . . . . . . . . . . . . . . . 215
8.4.4 Energy of one object . . . . . . . . . . . . . . . . . . 216

8.5 Dark energy: theory III: D ≥ 3 . . . . . . . . . . . . . . . . 219
8.6 Dark energy: theory IV: polychromatic vacuum . . . . . . . 223

8.6.1 Spectrum . . . . . . . . . . . . . . . . . . . . . . . . 225
8.6.2 Density . . . . . . . . . . . . . . . . . . . . . . . . . 225
8.6.3 Density of the actual polychromatic vacuum . . . . . 226
8.6.4 Density ¯̃ρΛ(ζ = z, ζ = 0) formed during ζ ∈ [z, 0] . . . 227
8.6.5 Time evolution of H0 . . . . . . . . . . . . . . . . . . 227
8.6.6 Time evolution of σ8 . . . . . . . . . . . . . . . . . . 229

8.7 Time evolution of forms of energy . . . . . . . . . . . . . . . 234
8.7.1 Own energy . . . . . . . . . . . . . . . . . . . . . . . 234
8.7.2 Constituents . . . . . . . . . . . . . . . . . . . . . . . 234
8.7.3 Dark energy in the HUF . . . . . . . . . . . . . . . . 235
8.7.4 Energy of radiation in the HUF . . . . . . . . . . . . 240
8.7.5 Energy of dark matter in the HUF . . . . . . . . . . 243
8.7.6 Energy conservation in the HUF . . . . . . . . . . . . 243

8.8 Relation to the hypothesis of a graviton . . . . . . . . . . . . 247
8.9 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250

9 Appendix 257
9.1 Constants of nature . . . . . . . . . . . . . . . . . . . . . . . 257
9.2 Observed values . . . . . . . . . . . . . . . . . . . . . . . . . 258
9.3 Natural units . . . . . . . . . . . . . . . . . . . . . . . . . . 258

9.3.1 Glossary . . . . . . . . . . . . . . . . . . . . . . . . . 259

Verlag
Schreibmaschinentext

Verlag
Schreibmaschinentext
Hans-Otto Carmesin
Quanta of Spacetime Explain Observations, Dark Energy, Graviton and Nonlocality
2021 / 280 Seiten / 24,95 € / ISBN 978-3-96831-008-4
Verlag Dr. Köster, Berlin / www.verlag-koester.de




