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Abstract: In this theory, duration is differentiated from time and length is differentiated from space. 1

This theory proposes that space is generated by relationships which is quantified by entropy at each 2

present time and time is quantitatively related to entropy changes. That is, relationships are the 3

basis of each configuration which result in space and changes between relationships results in time. 4

One example is Bell’s inequality violation where an interpretation of observations is that it confirms 5

the Copenhagen interpretation of quantum mechanics so properties only exist when observed. In 6

contrast, this theory proposes that the same results are obtained for real properties in nonlinear 7

local time and space. Hidden variables are the generated time and space. Physical phenomena 8

are typically described in background spacetime which, per this theory, is a statistical average of a 9

large number of relationships and relationship changes. A consequence of this theory demonstrated 10

in this paper is that superposition in double slit systems and entanglement observations in Bell’s 11

inequality are explained by the same quantum mechanical mechanism. This theory is applied to the 12

twin paradox, mass change with speed, the origins of the Pauli Exclusion Principle, particle decay, 13

deBroglie waves, black holes, inflation post-big bang and how space and time are related to the four 14

forces. Experiments are proposed that could validate this theory. 15

Keywords: Time; Space; Entropy; Entanglement; Superposition; Hidden Variables; Bell’s Inequality; 16

Inflation; Black Holes 17

1. Introduction 18

Duration, which is based on an interval of time, is not time. Length, which is based 19

on an interval of space, is not space. Time, like space, is necessary for existence. Most 20

physics is related to duration and spatial dimensions, either directly or indirectly. It is 21

important to differentiate what happens in time (background duration) from what time 22

is and what happens in space (background spatial distance) from what space is. Time 23

direction is related to increased entropy through the Second Law of Thermodynamics [1–6]. 24

This theory is based on entropy increase not only being related to the direction of time, 25

but the magnitude of time as well. Entropy, a function of the number and type of possible 26

relationships, is only in space at one instant, the present. Per this theory, entropy generates 27

local space and changes in entropy generates local time; they do not occur in space and 28

time. This theory is based on background space and time not existing independent of 29

relationships and relationship changes, that is, background spacetime is generated. When 30

relationships do not exist, spacetime does not exist. 31

Relationships generate space. Physical relationships in quantum mechanics can be 32

either distinguishable (commuting relationships) or indistinguishable (non-commuting 33

relationships). The number of possible discrete relationships in a system include available 34

information (resulting in distinguishable states) and bilateral additional possible (superposi- 35

tion) relationships between distinguishable states that exist due to unavailable information 36

resulting in indistinguishable states at each present. The greater the difference between 37

the number of observers capable of making an observation and the number of states in a 38

system, the greater the unavailable information so the number of possible configurations in 39

the system increases (increased entropy). The amount of missing information is determined 40
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by the number of bits that need to be added to the system so the inputs can be uniquely 41

determined from the outputs. Therefore, entropy (energy) change is inversely related to 42

information change in a system. Per this theory, time is a change in relationships (space), 43

i.e., each change is an event that generates time. Each event is not in time. This hypothesis 44

basically reverses the current thinking that relationships and changes in relationships exist 45

in a background of uniformly changing time in uniform space and considers space and 46

time a function of local relationships and changes in relationships with a simultaneous 47

change in the probability distribution of future events. 48

The consequence of the following assumptions will be investigated: 49

1. Relationships generate local physical space, which is quantified by entropy: no uni- 50

versal background space. 51

2. Changes in relationships (events) generate local time which is quantified by changes 52

in entropy (transition of information): no universal background time. 53

Per this theory, space is independent of observed length and time is independent 54

of observed duration. That is, space and time are not functions of external observations 55

of distance and duration. Time is not an external natural process but an internal natural 56

process. Thus, time is not regular, so it is not the same for all that exists. Rather, time 57

becomes an individual function of each process. Based on these assumptions, certainty, 58

as perfect information with no entropic changes exists only in the present and defines 59

the present. The present is a limit for complete information of states (constrained by 60

uncertainty) so entropy is approximately zero. Future is defined by missing information 61

(multiple possible states that can arise from the present) that is characterized by a decrease 62

from certainty so entropy is positive. Each future possible relationship has an associated 63

probability, a relational probability. Probability is the independent variable; time is the 64

dependent variable. As an example, per this theory, a completely entangled property is 65

a minimal relationship (space increment) generating local space and time, modeled as 66

being local and not dependent on the length between them or time duration for a transfer 67

of a signal in the length between them. That is, spacetime, per this theory, is a different 68

mechanism for modeling Bell’s inequality experimental results (based on local nonlinear 69

spacetime) than the current mechanism that is based on background spacetime. In this 70

theory Bell’s inequality observations are postulated to be a result of changes in relationships 71

generating nonlinear spacetime for existing properties. Conventionally, the duration for 72

changes between the relationships of entangled particles/properties when one state is 73

observed is approximately instantaneous, i.e., approximately simultaneous even over 74

large distances between entangled particles/properties. Per this theory, there is one space 75

increment between entangled states so a change in one state generated by observation 76

affects the non-observed entangled state instantaneously. This is analogous to states in 77

adjacent space where a change in one space affects the other space instantaneously. A 78

consequence of this theory is that particles and properties are real, even if not observed 79

in contradistinction to the prevalent view of the Copenhagen interpretation of quantum 80

mechanics [7]. This theory validates Einstein’s premise that particles and properties are 81

real and a result of hidden variables, the non-linear time and space generation [8,9]. 82

Space relationships can be categorized as “comparable” and “incomparable.” “Com- 83

parable” states are defined as relationships with the same property characteristics. For 84

example, an electron mass is a set of “comparable” internal relationships, identified as a 85

property. “Comparable” states are not capable of being in superposition with “incompa- 86

rable” states. “Incomparable” states are between a different set of relationships that have 87

different property characteristics such as spin and charge and cannot be in superposition 88

with each other. A boundary can exist between “incomparable” states, two different sets 89

of relationships that have different characteristics. “Comparable” states can be observed 90

by the same observers, for example, spin+ or spin- can be observed by the same “type” 91

observers. “Incomparable” states require different “type” observers (capable of observing 92

different characteristics) to make observations. 93
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Entanglement exist between “comparable” relationships. There are four relationships 94

for an entangled system generating four space increments. Two are generated from the 95

independent relationship of each entangled state with the local environment and two 96

are generated from the bilateral missing information between the states (superposition). 97

Comparable four relationships exist in double slit systems which, later in the paper, is used 98

to demonstrate that they are the same quantum mechanical mechanism. Other properties 99

within particles that are not entangled or in superposition have different relationship and 100

generate different independent local spacetime that have classical relationships with the 101

environment (or with each other) in spacetime. There are no additional relationships 102

like those between entangled particles/properties or double slit system without a path 103

information observer. The classical local relationship change with the environment for non- 104

entangled particles/properties has a similarity to entanglement, in that the local change is 105

also approximately instantaneous (two balls colliding) because like entanglement, the local 106

space is adjacent. 107

Per this theory, spacetime is based on two natural discrete limits in determining 108

relationships, Boltzmann and Planck states. A Boltzmann states is one bit of information, a 109

relationship generating space. The number of Boltzmann states in a system is the number 110

of possible space relationships (one bit of information per relationship). Change in space is 111

not a necessary condition for Boltzmann states. For no change in Boltzmann states (such as 112

in black holes), time would only be of the present which, in the universe (states exist), is 113

still time. Per this theory, mass exists in increments based on Boltzmann states (bits), and 114

differ in other variables such as the number, type (non-mass characteristics such as spin or 115

charge), and density of relationships. 116

Particles, as field interactions, are still a result of hidden variables, that is, a result of 117

relationships and relationship changes. Particles are real whether they are interactions with 118

Higgs field [10] or material, and not just probability waves until observed. A fundamental 119

particle is a specific set of field interactions. If any of the four fundamental forces within 120

a mass change, changing the properties of the mass that result in emission or absorption 121

of a particle or energy, it is not fundamental. Fundamental mass (particles) would be a 122

relationship between mass states with properties such as spin, charge, color, flavor with 123

no exchange between internal states and the external environment. For example, electrons 124

are modeled as a mass that incorporates all electron properties such as spin and charge. 125

All electrons with the same properties have the same relationship with the environment. 126

The properties such as spin may be in two states but the electron, then, is two different 127

fundamental particles when observed. Thus, a change in electron orbital relative to a 128

nucleus is due to local spacetime changes, and not a fundamental change in the electron. 129

Stationary states can occur in mass but not in waves (energy). Non-present time 130

generation is a necessary condition for waves. There is a necessary condition for change at 131

each present in EM waves where change is between internal increments of a wave (internal 132

space within the wave). Each increment consists of a number of indistinguishable Planck 133

states [11]. The number of Planck states per increment is constantly changing even though 134

the total number of Planck states in an EM wave of a given energy is constant, resulting in 135

the frequency of the wave: 136

v =
E
h

(1)

Planck states are a scalar at Planck’s constant magnitude that generate non-gravitational, 137

minimum external spacetime. Planck states are not considered to be a limit on the ability to 138

make a perfect observation as part of the measuring process but is a fundamental incre- 139

ments of change and has an independent physical significance. Even though there is no 140

spacetime within each Planck increment, changes between EM wave increments composed 141

of Planck states generate spacetime. Everything in the universe is made of components 142

which can be subdivided into discrete relationships between Planck states. Planck state 143

increments, as the minimal cell size, maximize the number of states in a system. 144
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The number of Planck states increments are in constant transition generating time 145

which have an observable effect as energy, but only when emitted or absorbed and is not 146

observable between emission and absorption. Observation would require the transfer of 147

wave energy to the observer at wave absorption [11]. The emission and absorption (obser- 148

vation) of an EM wave is a local relationship change so generated time would, therefore, 149

also be local. In this theory, spacetime, as relationships and changes in relationships, and 150

energy are simultaneous and equivalent. Boltzmann states interactions with Planck states 151

include emitting, absorbing or reflecting Planck states. Boltzmann tells Planck where to go. 152

Note, in this paper, n is used for the number of Planck states and m is used to specify 153

the mass equivalent in Planck states. N is used for the number of Boltzmann states and M 154

is used to specify mass in Boltzmann states. 155

2. Background 156

Philosophizing about time can be traced to the Egyptian Ptahhotep (c. 2600 BCE) [12] 157

whereas early theories can be traced to Indian/Hindu ideas of time cycles in the second 158

millennium BCE [13]. Later theories were developed by Greeks such as Parmenides and 159

Heraclitus [14] followed by Plato and Aristotle. Aristotle described time as “... the measure 160

of change. If nothing changes, there is not time [15].” Later, In Book XI of St. Augustine’s 161

Confessions insightfully referred to time as: “What then is time? If no one asks, I know: if 162

I wish to explain it to one who asks, I know not [16]." The unexpressed insight was that 163

St. Augustine could define duration, but not the source of duration. That is, the difference 164

between duration and time was not recognized. Still later, in the eleventh century, Galileo 165

Galilei considered time change to be the same for everyone [17,18]. 166

Space, likewise, was a subject with many different views. In Greece space was dis- 167

cussed in the Timaeus of Plato: “...the place of a thing is what surrounds that thing [19]” 168

and in the Physics of Aristotle where “...space is only the spatial order of things” – so empty 169

space cannot exist [15]. Alhazen in the tenth century considered space geometrically as 170

place [20]. Descartes considered space Cartesian and contained but did not originate matter 171

and attributed information about the world to a person’s ability to think rather than to 172

experiences, a non-empiricist approach [21–23]. Since relationships are between discrete 173

objects, space was considered discrete [24], that is, objects are necessary for relationships to 174

exist so space is not independent of these objects [25] . 175

These debates and concepts continued through the Renaissance culminating in what 176

was developed by Newton, an empiricist, as classical mechanics. However, even classical 177

mechanics did not settle these issues. A controversy between Newton and Leibniz ensued. 178

Newton believed space exists independent of matter and is therefore permanent. Per New- 179

ton, “...what surrounds each thing, is called ‘relative, apparent and common...absolute, true 180

and mathematical’ space in itself, which exists even where there is nothing” so for Newton: 181

“empty” space exists. Similarly, per Newton: “...time would continue to pass...unaffected 182

and equal to itself [15].” Newton referred to “mathematical time...from its own nature 183

flows equably without regard to anything external...called duration... [26].” Newton hy- 184

pothesized that since non-inertial frames based on time and space exist in space, space 185

must be absolute [15,26]. In this formulation, time varies linearly. Leibniz differed and con- 186

sidered space relationships between objects [27]. Kant did not concur with either of these 187

interpretations of space and time but described space and time as a result of experience, 188

that is, they are subjective [28]. 189

These and other concepts developed into the current classical formulations in physics 190

where space and time are considered fundamental, not definable by other quantities, but 191

rather are used to relate other quantities to each other. Einstein synthesized these disparate 192

views in that time and space are real but not absolute. Derived spacetime which is funda- 193

mental as proper time (combined changes in spatial dimensions and duration) is invariant 194

spacetime. “Every phenomenon that occurs has its proper time... [15].” even though space 195

and time have fundamental differences in that movement in space is bidirectional but 196

movement in time is unidirectional [15]. In Special Relativity there is no unique present; 197
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each point in the universe can have a different set of events that are in its present moment. 198

The extension provided by General Relativity demonstrated that gravity could change the 199

structure of spacetime which has been subsequently verified experimentally [29]. These 200

theories define relationships between spatial dimensions and the duration dimension but 201

do not define space and time. 202

Predating and then simultaneous with macroscopic considerations of space and time, 203

were microscopic considerations advanced by Clausius that incorporated disorder to de- 204

scribe the decreasing free energy in Carnot engines [2,30]. This was extended by Boltzmann 205

whose entropic theory established an arrow of time based on the Second Law of Thermo- 206

dynamics [1]. Einstein referred to this as “It is the only physical theory of universal content 207

which I am convinced that, within the framework of applicability of its basic concepts, 208

will never be overthrown [31].” Irreversible processes established the arrow of time on a 209

physical basis. “In order to leave a trace, it is necessary for something to become arrested, 210

to stop moving, and this can happen only in an irreversible process – that is to say, by 211

degrading energy ‘into heat’... The absence of any analogous traces of the future produces 212

the sensation that the future is open [15].” Thus, the direction of time becomes associated 213

with energy as described by: “Between energy and time there is a closed bond...knowing 214

what the energy of a system may be – how it is linked to other variables – is the same as 215

knowledge how time flows, because the equations of evolution in time follow from the 216

form of its energy [15].” The direction is eliminated in thermal equilibrium since “In a state 217

of thermal equilibrium...there isn’t a direction to time identified by causality [15].” 218

In contemporary physics, there are many theories of time and space without exper- 219

imental proof so the physics of time has become more philosophical than science which 220

is an indication of how little about time and space is understood. Some of the theories 221

include: 222

1. Emergent: Spacetime may not be fundamental, but emergent [32,33] . 223

2. String theory: Space points are replaced by one-dimensional interacting strings that 224

propagate [34]. 225

3. Loop quantum gravity: “It is reciprocal interactions in which quanta manifest them- 226

selves in the interaction, in relations to what they interact with...the probabilities that 227

something will happen – given the occurrence of something else... [15,35–37].” 228

4. Relational Theory: Relationships have reference observers. “We describe how the 229

world evolves in time: we describe how things evolve in local time, and how local 230

times evolve relative to each other [38–43].” 231

5. Wheeler-DeWitt: There are discrete changes in the universe that do not incorporate 232

time. “The theory describes how things change one in respect to others [without 233

time],..., that’s all there is to it [15].” “It describes possible events and the correlation 234

between them, and nothing else... [15].” “To speak of the world ‘seen from outside’ 235

makes no sense, because there is no ‘outside’ to the world [15] .” 236

6. Conformal Field Theory (CFT): Emergent space comes from entanglement in anti-de 237

Sitter (AdS) space where distance in AdS space are entangled components of CFT. 238

However, we do not live in an AdS space [44,45]. 239

7. Causal set theory (CST): Fundamentally, spacetime is discrete “causal sets” of space- 240

time where finite space volume has only a finite number of causal set elements 241

consistent with Lorentz invariance [46]. 242

8. B-theory of time: Time is an illusion. That is, time is tenseless and the past, present 243

and future are equally real [47,48]. 244

9. Endurantiasm: This is a three-dimensional theory where objects are wholly present at 245

every moment of their existence [49]. 246

10. Perdurantism: In contrast to Endurantiasm, this is a four-dimensional theory where 247

objects are extended in time and, therefore, are a series of temporal components [49]. 248

Currently, time in physics is defined functionally, not based on basic principles, which 249

relates time to a scalar as the number of events in periodic phenomena. Historically, time 250

is a measurement of increments in “the duration of 9,192,631,770 (cycles) of the radiation 251
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corresponding to the transition between two hyperfine levels of the ground state of the 252

caesium 133 atom” in the International System of Units (SI) system [50]. Length for space is 253

also defined functionally based on the speed of light in a vacuum [51] . 254

3. Materials and Methods 255

3.1. Quantum and Thermal Entropy: 256

Consider the following four particle systems in two dimensions: 257

∗ ∗

∗ ∗

Figure 1. Classical thermal system showing four particles arranged in a rectangular configuration.

∗ ∗

∗ ∗

Figure 2. Quantum system showing four particles with all-to-all interactions represented by double
arrows.

Quantum mechanics is a description of all potential allowed possible relationships, 258

each with an associated probability, which also applies to statistical thermodynamics. In 259

quantum and thermodynamic systems, the distribution of distinguishable and indistin- 260

guishable states tend toward a maximum, the largest multiplicity and, per this theory, 261

generates time in the system as configurations changes. Each configuration is a unique set 262

of relationships. The accumulation of each set of relationships in a system at each present 263

is a configuration that is theorized to generate space. Classical thermodynamics is based 264

on the distribution of independent particles that interact through contact whereas in quan- 265

tum mechanics particles, in addition to having an independent relationship with the local 266

environment, are capable of having superposition (entangled) non-contact relationships 267

with each other. 268

Each configuration has a probability of being observed. The set of configurations at 269

each time instant is associated with entropy through S = ∆E
T = kBlnW where S is entropy, 270

∆E is the change in energy, T is temperature in degrees Kelvin, kB is Boltzmann’s constant 271

and W is the multiplicity, a measure of the number of possible system configurations. This 272

is frequently expressed as the sum of finite probabilities: S = −kB ∑i pilogpi where pi is 273

probability that the system is in state i. 274

Currently, in quantum mechanics, the total number of distinguishable and indis- 275

tinguishable relationships are all possible relationships in a system at each present. The 276

number of quantum distinguishable states is limited by the number of possible environmen- 277

tal interactions. Distinguishable states also limit the number of possible indistinguishable 278

states since indistinguishable states are non-commuting, unobservable, binary reciprocal 279

relationships between two distinguishable states. Indistinguishable states, although not 280
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independently observable, have an effect such as in double slits without a path information 281

observer resulting in the observed interference pattern [52,53]. That is, indistinguishable 282

states contribute positively to entropy which has an observable effect that can be experi- 283

mentally determined. See “Verification of Theory.” This is in contrast to the current classical 284

thermal determination of entropy where indistinguishability is defined as non-observable 285

differences in a state’s relationship with its local environment so entropy decreases (fewer 286

possible configurations) as the number of indistinguishable states increases [1]. Unlike 287

quantum entropy considered here, where indistinguishable states are between distinguish- 288

able states, determination of thermal entropy does not require distinguishable states for 289

indistinguishable states to exist. 290

For closed thermal classical systems with a large number of possible configurations, 291

entropy is determined from the internal number of possible configurations which depend 292

on the number and ratio between the distinguishable and indistinguishable states (not 293

dependent on distinguishable states existing) that can exist at different “present” times. 294

Since thermal entropy is based on the observable effect of individual independent particle 295

interactions, only classical influences of one particle on any other particle is considered. 296

Quantum distinguishable systems also have observable classical relationships (distinguish- 297

able slit/environmental interactions) and, in addition, can have unobservable superposition 298

binary relationships between those distinguishable states (binary slit-slit interactions) when 299

information in the system is missing (indistinguishable case). This is the basis of the dif- 300

ference between classical (no superposition/entangled interactions) and quantum (with 301

superposition) entropy. 302

In thermal systems, for N distinguishable particles, different environmental interfaces 303

result in the number of configurations, WThermal Distinguishable as: 304

WThermal Distinguishable = N! (2)

In quantum systems such as multi-equal-sized slit systems, each slit is interfaced to 305

the same external environment but each slit has an “assigned” location which establishes 306

distinguishability, i.e., one interaction per source. The number of distinguishable config- 307

urations in quantum systems is equal to the number of slits where each state (possible 308

interactions with environment) is one bit of information (two alternatives – interaction (1) 309

no interaction (0)) so the number of configurations is: 310

WQuantum Distinguishable = 2
N!

(N−1)!1! = 2N (3)

In the quantum case, additional superposition states can exist between binary com- 311

binations of distinguishable states when the number of states is greater than the number 312

of observers. For N distinguishable states, each capable of being in two states and no 313

additional (path) information observer in the system, indistinguishable case, the additional 314

number of superposition configurations is: 315

WQuantum Indistinguishable = 2
N!

(N−2)!1!1! = 2N(N−1) (4)

The total number of configurations in the quantum system is: 316

WQuantum Total = 2N+N(N−1) = 2N2
(5)

and entropy, S, is: 317

S = kBlog2N2
= N2kB (6)

3.2. Mathematical Representation of Space and Time: 318

Each of set of relationships in a system is a configuration and, per this theory, the 319

number of possible local relationships in the system, W , at a given temperature, T, quan- 320
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tified by entropy, generates local system space at each present (t = 0). Hence, space is 321

relationships in its own present. 322

Each system consists of local distinguishable and indistinguishable states. Each state is 323

one bit in Boltzmann state increments (as defined earlier) where distinguishable states are 324

a result of available information (observers previously reset) and indistinguishable states 325

are a result of missing information (missing observers). Thus for N states (slits in multi-slit 326

systems): 327

∆E = kBTlog2W (7)

328

From equation 3, the number of configurations due to distinguishable states: W = 2N . 329

For no observers of distinguishable states (maximum number of indistinguishable states), 330

equation 4 results in the number of configurations due to indistinguishable states being: 331

W = 2N(N−1). Additionally, from equation 5 the number of configurations for total number 332

of states: W = 2N2
. Therefore, for R observers of distinguishable states, the number of 333

configurations for indistinguishable states is: 334

W = 2(N−R)(N−R−1) (8)

335

Since each bit is a relationship and space in a system is theorized to be the local number 336

of relationships in Boltzmann state increments (not length increments) then the total space 337

in the system is given by. 338

Space = (N + (N − R)(N − R− 1)) (9)

339

This is not length measured by external observers determining the number of a pre- 340

set length increment between states. To demonstrate this, consider space between two 341

entangled and two not entangled properties of particles. There are two distinguishable 342

relationships (N = 2) between each property (Spin+ and Spin-) and its local environment 343

generating local space. Each is one space increment. For entangled states there are opposite 344

unobserved relationships between the properties so the interactions are Spin+→ Spin- and 345

Spin-→Spin+. There are two indistinguishable states since there are no observers (R = 0) 346

generating an additional two space increments. Determination of one local relationship by 347

observing one property (R = 1), referred to as “collapse of the wavefunction,” results in 348

eliminating the one relationship between the entangled indistinguishable states approxi- 349

mately instantaneously since it is eliminating the relationship between one space increment. 350

This has been modeled as a transfer of the two indistinguishable states from the system to 351

the environment. There is no change in the number of distinguishable states in this case. 352

Time is generated by a change in the number or distribution (change in ratio between 353

distinguishable and indistinguishable) states within the system which results in a change 354

in entropy. If there is no entropic change in a system, the system is only in the present, not 355

related to the duration external observers may measure. In the entangled system time is 356

generated from the change in the number of indistinguishable states. The absolute value of 357

the change in the number of distinguishable states from an initial Ni to a final N f and the 358

number of observers from an initial Ri to final R f generates time: 359

Time = ∆Space = |(Ni + (Ni − Ri)(Ni − Ri − 1))− (N f + ((N f − R f )(N f − R f − 1)))|
(10)

360

Time is generated a the absolute value of the number of distinguishable state changes 361

(removed or added) from an initial Ni to a final N f , even with the same number of observers 362

(none of the observed distinguishable states are changed). In this case: 363

Time = ∆Space = |(Ni +(Ni−Ri)(Ni−Ri− 1))− (N f +((N f −RI)(N f −Ri− 1)))| (11)
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364

Time generated from the absolute value of the change in the number of observers from 365

an initial Ri to a final R f even for the same number of distinguishable states, Ni as: 366

Time = ∆Space = |(((Ni − Ri)(Ni − Ri − 1))− ((Ni − R f )(Ni − R f − 1)))| (12)

367

In the entanglement example, two initial indistinguishable states (R = 0) change to 368

zero final indistinguishable states (R = 1). The local relationships change is two bits (from 369

the initial four relationships in the system to the final two relationships of the properties 370

with the local environments) generating two time increments. 371

In summary, any change in the number of information bits in a system changes the 372

generated system space resulting in generated time. 373

The post-observed case is the non-entangled case where length is determined by an 374

external observer counting the number of predefined length increments (not number of bits) 375

between two states. An external observer determines duration by counting the number 376

of predefined time increments (not number of bit changes) between a signal transferred 377

between the two states at the speed of light or less. 378

3.3. Boltzmann Time – Approximate Instantaneous Time Change: 379

The number of Planck states (defined as microstates) in one stationary Boltzmann 380

state (defined as ministates) bit energy change, ∆E = kBT, for a given temperature, T, is 381

determined from: 382

∆E = hv = kBTlnW (13)

So: 383

W = e
∆E

kBT = e
hυ

kBT (14)

Even conventionally, in this representation, the multiplicity is expressed as a relation- 384

ship to frequency relating entropy to time as the number of bits change. Each change of one 385

bit generates time at a frequency based on the number of Planck states in one Boltzmann 386

state. 387

Frequency: 388

υ =
E
h
=

kBTln2
h

≈ 2.08× 1010 T cycles/sec (15)

Time generation for one bit change in one wave period: 389

∆t =
1
υ
=

0.48× 10−10

T
sec (16)

Length change for an EM wave is: 390

λ = 1.44× 10−2
(

1
T

)
meters (17)

(λ = c∆t; for one bit energy change) 391

This is within the bound defined as the speed of entanglement. (Approximate 30 392

meter distance change at 105 speed of light, 3× 108 m
sec , so the time change is 3X10

(3×108)(105)
= 393

10−12 sec and for T = 3× 102oK, ∆t = .48×10−10

T = 1.6× 10−13) [54]. Time is a function of 394

temperature in this case which can be determined experimentally. 395

If a Boltzmann state change is required to make an observation, the minimum time for 396

this change needs to be included in the observed time for state changes between entangled 397

particles at observation of one particle. This can also be determined experimentally. Refer- 398

ence to approximately instantaneous in this document is a change in one Boltzmann time 399

increment. 400
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3.4. Duration and Length: 401

The measurement of duration (interval) involves an external observer counting events 402

(change in local space) of a predefined time interval (physically limited by Planck’s time), a 403

“Descriptive Number,” between external start/stop triggers. 404

Descriptive Number (predefined intervals)→ Observed Duration← Observed Triggers. 405

Wavelength, as the predefined length interval, is used to determine length and wave 406

period (frequency) is used to determine duration. Duration is required to communicate, 407

transfer information, “value” (“meaningful”) information from one space to another. Time, 408

as defined in this theory, does not communicate “value” information since it is local, that 409

is, time is a component for generating “value” information (an event) that can then be 410

transferred (communicated). For example, time is generated by the observation of one of 411

the entangled states determining its “value” such as the value of a spin state which can then 412

be transferred (communicated in duration) to other space locations at or up to the speed of 413

light so observers at two space locations would have the same “value” information. 414

For conventional time observations (duration), there is a very high probability that 415

each “comparable” measuring system, based on using the same energy (frequency) for the 416

predetermined time interval (not considering the uncertainty limitation), has approximately 417

the same number of changes (wave periods) as the previous and next measurement between 418

the same trigger events. Thus, the measured duration is approximately the same. 419

System local time and space are inversely related to external measurements of duration 420

and conventional spatial dimensions. The difference between time and space and duration 421

and spatial dimensions, respectively, is most evident at the extremes of space and time 422

generation. Ideal considerations are used in the following models. One extreme occurs 423

at black hole densities where the maximum number of “comparable” (distinguishable) 424

relationships is thought to exist (maximum density space generation of minimal cell-size 425

relationships) with no change in relationships, so time is always in the present (no time 426

generation) but is observed as infinite time duration for external observers. The other 427

extreme is EM waves characterized by the maximum time generation, maximum number 428

of changes between increments within a wave for the least space generation (minimum 429

number of Planck states for a given energy) but observed externally as the maximum length 430

change for the least duration change between emission and absorption of the EM wave, 431

∆x/∆t maximized. See “Speed of Light. 432

3.5. Background Spacetime: 433

As the system becomes large, many relationships and multiple simultaneous rela- 434

tionship changes can occur where the net change between the number and changes in 435

the number of indistinguishable and distinguishable states is approximately constant be- 436

tween identical classical trigger events, that is, generates the same magnitude of space and 437

time. The distribution of relationships and changes in relationships in a large system is 438

approximately uniform (randomized) and, therefore, has characteristics of background 439

time (duration) and space (length). That is, the bigger the system (more relationships 440

and changes in relationships), the less variation in observed duration even though the 441

local changes are still generating local spacetime. Time, as proposed here, would in- 442

crease asynchronously at different locations, unlike background duration which is modeled 443

as changing synchronously. For example, increased EM wave frequency generates in- 444

creased spacetime. However, to an external observer, a higher frequency is more periods 445

with smaller wavelength in a constant duration and a constant length between the same 446

start/stop triggers (emission and absorption). 447

The universe will appear to have background space and time unless the system is 448

specifically designed to observe one change in relationships such as in entanglement or 449

for each source in double slit systems. The difference between space and time and length 450

and duration can be demonstrated for multi-slit systems. For double slit systems with no 451

change in the system (constant slit size, distance between slits, distance between slits and 452

final detector screen, frequency of emission), the observation on a final detector screen for 453
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multiple single source emissions is observed as an interference pattern (wave characteristics) 454

or no interference pattern (particle characteristics). That is, each spacetime change at the 455

final detector screen are observed as individual time generating events, one relationship 456

change between source particle and final detector screen (for each source emission). For a 457

very large number of simultaneous source emissions of different frequencies and a very 458

large number of slits where slits are added/removed, slit width changes and distance 459

between slits are all randomly changed at a high rate, the pattern would not be observable 460

on a final detector screen. To an external observer, the pattern would appear to increase 461

uniformly on a final detector screen, appearing as background space and time even though 462

each source absorption generates local time. 463

3.6. Property Spacetime: 464

Per this theory, local spacetime is generated differently for each property, i.e., a “prop- 465

erty spacetime” given existence of the property relationship (present exists), which itself 466

is information, although not always recognized as such. See “Creation Dimension” in 467

“Verification of Theory.” Time is local in space and property specific, that is, there is dif- 468

ferent time generation for different properties, even within the same system space (even 469

within one atom), i.e., property spacetime specific. The configuration for each property 470

tends toward a maximum distribution of states in a given system. This tendency results 471

in property spacetime relationship changes which generates property specific time. Even 472

at the maximum distribution (highest probability configuration), random local fluctua- 473

tions in the system generates time but, typically, changes around an equilibrium generates 474

less time per observed duration. In summary, multiple properties can exist in a system 475

simultaneously (each present), and each property tends toward the maximum distribution 476

(maximum entropy), generating a “property spacetime.” For an atom, internal atomic 477

relationships generate different spacetime for different properties so, for example, elec- 478

tron relationship changes relative to the nucleus generate charge local spacetime (EM) or 479

subnuclear quark/gluons color relationships generate color spacetime (strong force) or 480

quark/flavor relationships generate flavor spacetime (weak force). See “Four Forces. ” 481

Space is specific to the type and magnitude of the relationships between “compara- 482

ble” states, which vary with cell size. A local space for finite crystals is generated by the 483

difference at the interface (boundary) between the crystal’s “comparable” states and the 484

“incomparable” states of the external environment of the crystal. There are many relation- 485

ships internal to the crystal generating space although they are not changing. Since entropy 486

depends on the unit of measure, then for crystals, composed of thermally indistinguishable 487

atoms, using an atomic unit of measurement, there are no changes in the configuration. If 488

the boundary relationships do not change, then, per this theory, the relationships are local 489

space that is always in the “present” time which is observed as infinite duration by external 490

observers. A model for this is a chamber with equal-sized sub-chambers where the sum 491

of all sub-chambers equals the size of the chamber. Each of these chambers is an external 492

environment to identical particles internal to each chamber. No external observations will 493

be able to elucidate changes in the configuration since the atoms in the subsystems are 494

indistinguishable so thermal energy change is zero and entropy change is zero. The crystal 495

will not age for a macroscopic external observer of the whole crystal in atomic cell size 496

“comparable” increments, no time generation. However, internal atomic “incomparable” 497

relationship changes will generate local internal atomic time. That is, the space and time for 498

the crystal system is different than the space and time for each of the components (atomic 499

sub-systems) within the system. These internal atomic relationships may be changing 500

rapidly, generating local interior atomic spacetime per this theory. Thus, the components 501

within the crystal may be “aging” whereas the crystal which is in atomic increments does 502

not change. Internal atomic aging is observed in radiation decay. See “Particle Decay.” 503

If radioactive atoms in the lattice of the crystal decay, time generation exists internal to 504

the crystal system and crystal aging is proportional to the number of decayed atoms. See 505

“Verification of Theory.” 506
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3.7. Space and Time: 507

“Time is ignorance: a reflex of our incomplete knowledge of the state of the world [55] 508

.” 509

3.7.1. Time and Information/Entropy: 510

Five possible time-information/entropy change relationships will be discussed here: 511

1. Observational time (duration): This is the determination of the number of artificially 512

predefined time intervals the measuring observer counts in an independent measuring 513

system between observed start/stop trigger events. 514

2. Inherent relationship: This is an event in a system, independent of external events such 515

as external resets/observations (not influenced or observed by external observers) and 516

is a result of inherent relationship changes in a system. These changes can be a result 517

of internal decoherence which is equivalent to internal resets/observations, changing 518

space relationships and generating time. This theory hypothesizes that inherent re- 519

lationships are based on the number and discrete ratio between distinguishable and 520

indistinguishable states in a closed system that occurs in nature and time is generated 521

as a change in this number or ratio. For example, radioactive particle decay (with a 522

certain probability), independent of external events (no external reset/observation), is 523

hypothesized to be due to changes in the ratio between the number of indistinguish- 524

able and distinguishable states in the internal atomic components. Although the effect 525

of internal changes that result in decay is observable, the internal changes resulting in 526

the decay effect are not observable. However, internal interactions can be affected by 527

external interactions (such as Zeno or Anti-Zeno effect) which can be quantified and 528

related to time generation. See “Verification of Theory.” 529

3. Present relationships: Relationships are changed between the past and present and 530

between present and future but there is no change in relationships in the present 531

although the present is a result of change. Without a change to a different quantum 532

configuration, a different set of relationships, the present is all there is. The present 533

exists for each relationship (property) in space. There is no change in the number 534

of distinguishable and indistinguishable relationships or the ratio between them so 535

no time is generated. Each possible relationship in the present is certain within the 536

uncertainty constraint. That is, perfect information exists in the present (no missing 537

information) where a property state is certain (realized possible relationships in a 538

system) with probability 1, S = kBln x!
x! = kln1 = 0. For the not realized relationship, 539

the state is no longer possible, probability 0. That is, potential realizable possible 540

states exist before the present that, with certainty, do not exist in the present; entropy 541

becomes S = kBln 0!
0! = kln1 = 0. Zero entropy is a reference point. See “Momentum.” 542

For the present, the arrow of time is zero, that is, there is no direction in time corre- 543

sponding to zero quantum entropy change. The number of possible states equals the 544

number of existing states so space is completely determined as well. In the multi-slit 545

system example, the information at each slit is available and complete at the slits 546

and the entropy at each slit is zero even if an external observer determines a positive 547

entropy because the external observer is missing information. The present cannot 548

be measured since there is always a delay (duration) in a measurement of “value” 549

information. 550

4. Future – relationship changes (time): Positive entropy exists when there are mul- 551

tiple alternatives for changes in relationships that exist in the present so proba- 552

bility for change (future event, not what exists in the present) does not equal 0: 553

∆S = kB

(
lnW f − lnWi

)
where

(
lnW f − lnWi

)
̸= 0. The future potential in a system 554

includes all possible changes in relationships in space based on the relationship in the 555

present, that is, the trajectory for each field generating local time and a new present. 556

If there is no probability of change, relationships exist (space) but will always be 557

in the present. Each possible change has a probability and time is generated when 558
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there is a change from the present to one of these other possible relationships. As 559

information changes, time increases. The number of changes can never decrease so 560

time is unidirectional and is based on the absolute value of the number of changes. 561

Every change results in spacetime (energy) change so configurations that revert to 562

previous configurations is a change in the space configuration, bidirectional, but each 563

change is still an increase in time. 564

5. Past relationships: Observation of a previous relationship, “value” determination, 565

remains constant for the observer until the observer is reset [56]. “Value” information 566

is a transfer of information between an emitter (source) and observer. Each observation 567

is a change, generating local time but then remains its own present in the observer 568

(local), so the probability remains one until the observer is reset. The past is not 569

reversible because undoing an event, going from the present relationships (zero 570

entropy) to the previous relationships would require negative probability which does 571

not exist.1 Not having negative probabilities is the basis of the absolute value of 572

changes generating time. Likewise, negative net space (less than zero relationships) 573

cannot exist in the physical universe. 574

Unobserved relationships prior to the present observation have no record of existing 575

in the observer’s new present. For example, there is no information that another slit 576

exists from observations of the source-slit interaction that register an output from 577

one slit on a final detector screen (transducer) in double slit distinguishable systems. 578

Each observation is independent and only probabilities exist of past states based on 579

multiple observed information of the system in the present as is the case in double slit 580

systems where multiple observations reveal a pattern. 581

3.7.2. Space and Information/Entropy: 582

Five space-information/entropy relationships that correspond to the time-information/ 583

entropy relationships will be discussed here: 584

1. Observational space (spatial dimensions: length, width, height): This is the determi- 585

nation of the number of artificially predefined space intervals the measuring observer 586

counts in an independent measuring system between observed start/stop relation- 587

ships. 588

2. Inherent relationships: These are existing relationships in a system generating space 589

in every present, independent of external events such as resets/observations (not 590

influenced or observed by external observers). They are inherent to the system as a 591

result of the distinguishable and indistinguishable states that occur in any system in 592

nature and, like the time-entropy relationship, can be affected by internal decoherence. 593

For example, a radioactive particle is theorized to have internal distinguishable and 594

indistinguishable states that exist at each present time generating space and when the 595

ratio changes (time) to a certain configuration, a decay particle is emitted, changing 596

space internal to the particle and environment. See “Particle Decay.” 597

3. No change in relationships (present): The relationships in a system (distinguishable 598

and indistinguishable states generating space) in the present is a limit on future space 599

relationships. The minimum space relationship is a difference that either exists (1) 600

or does not exist (0), which is a function of the cell size and type (property), either 601

inherent internal to the system or relationships between the system and environment 602

(boundary of generated space). Information is defined as the existence of a difference. 603

A field can be used as a model for space. Conventionally, a field is considered values 604

in space. In this formulation, space exists because there is a field (value of local 605

relationship), that is, the field generates space since relationships exist (and is not in 606

space) and is quantified by the number and type of relationships, a magnitude for 607

each type of relationship (different field) in the present. Interactions between different 608

1 In the example of particle decay, discussed later as an example of time generation, negative probability would
be due to the number of not decayed particles being greater than the total number of particles.
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fields generate bound space. A fundamental particle, then, is a set of specific field 609

interactions. The higher the probability of the specific set of field interactions, the 610

more particles of the same type are generated. 611

4. Gradient (Direction) in space relationships: The number of relationships is a scalar, 612

proportional to the generated local space. Direction in space is due to a gradient in the 613

number or a difference in type of relationships, a difference in density for “comparable” 614

relationships or between “incomparable” relationships at a generated boundary. That 615

is, there is no spatial direction unless there is a different density or change in type of 616

relationships between generated space locations, the space equivalent of time being 617

in the present without a change in relationships, no direction in time. Space of a 618

bounded system increases or decreases, becomes denser or rarified, with an increase 619

or decrease in the number of relationships even as length, width and height of the 620

bounded system do not change. Unlike time, where the number of changes can only 621

increase, changes of space can change bidirectionally for any non-zero probability of a 622

configuration change to return to a previous configuration. This leads to consideration 623

of two irreversible process that generate time: 624

(a) Irreversible irreversible: Probability of a system returning to the initial state 625

after a change is zero such as occurs after radiation decay; a radioactive atom 626

cannot return to the pre-decayed state. No amount of energy will return the 627

system to the initial state. 628

(b) Reversible irreversible: Positive probability for spacetime of a system to re- 629

turn to the previous state with the addition of energy such as in irreversible 630

thermodynamic systems. 631

The latter is reversible in space but not time, that is, the reversible change in the system 632

can revert to the previous configuration in space (with the addition of spacetime) but 633

not previous time (time increases with each change). 634

5. Past space: Addition of an observer (reset) and observation (registering “value” infor- 635

mation) changes space in the observed and observer. There is a theorized change in 636

space relationships at the observed in quantum systems, generating time when the 637

observer is reset. Reset enables the observer to change state if value information is 638

observed. That is, the relationships of the past space of the observed (“value” infor- 639

mation) remains as the present space of the observer at observer observation until the 640

observer is reset. Observer observation is also theorized to change space relationships 641

at the observed [56]. The “value” information (“meaning”) generated by the change 642

remains in its present and can be transferred over any distance. 643

Relationships generate space and more relationships generate more space implying 644

space is a storage medium of states [57]. There are more bits within a boundary, i.e., more 645

space generation, as information in the system increases. As previously theorized, mass 646

exists in Boltzmann state increments (M = N kBT
c2 where N is the number of Boltzmann 647

states). Since Shannon’s information theory is also based on the magnitude of Boltzmann’s 648

constant the number of bits generating mass is storage of bit information (a storage medium) 649

[58]. That is, space is endowed by a bookkeeping device that keeps track of the amount of 650

information (number of relationships of given properties) for a given mass distribution (the 651

number and type of relationships that exist) generating local space quantified by entropy 652

at each instant. Since the energy distribution is related to the probability distribution 653

provided by Newton’s potential where Newton’s constant is a measure of the number 654

of microscopic degrees of freedom, it can be used to determine entropy. It allows direct 655

“contact” interactions between degrees of freedom associated with one material body and 656

another [59]. Since General Relativity has been derived from entropy and, per this theory, 657

entropy models quantum relationships, entropy can be used to relate General Relativity to 658

quantum mechanics. 659

Space is where relationships exist in three dimensions independent of an observer. 660

There are three different relationships in physical material space dimensions: x, y, z. There 661

is potentially a different number of relationships between each bounded 2− D surface 662
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interface with its environment for each of the binary dimensional combinations (xy, xz, 663

yz), generating different space for different surfaces and possible different changes at the 664

surfaces in each direction generating different times: tx, ty, tz. Time is generated inde- 665

pendently for “comparable” states in each of the three space dimensions for a “bounded” 666

object in spatial transition proportional to the number of state changes in that direction, that 667

is, magnitude of different space relationship changes in each dimension can be different 668

which would result in asymmetric changes. For a noncompressible physical object moving 669

at a constant speed, the changes are simultaneous but the number of changes in different 670

dimensions can vary. See “Verification of Theory.” The changes that generate time in each 671

dimension is also a function of the shape of the object that is moving. Movement of 3− D 672

symmetrical objects such as a non-compressible sphere generates symmetrical spacetime in 673

these physical dimensions. A sphere with a given non-relativistic velocity in the x direction 674

will generate the same magnitude of time in each space dimension. The changes in the 675

projection of movement in the x direction (yz plane) will equal the change in the projection 676

in the y direction (xz plane, sides of sphere generating equal time changes) and projection 677

in the z direction (xy plane, top and bottom of sphere generating equal time changes). 678

Asymmetrical objects in at least one dimension, such as a cylinder, generates asymmetrical 679

spacetime in the physical dimensions of the moving object (x dimension spacetime gen- 680

eration in contrast to y and z dimension for a cylinder with velocity in the x direction). A 681

cylinder with radius r and lateral dimension L will have face area AreaFace = πr2 and the 682

surface area of the lateral dimension is AreaLength = 2πrL. For r > 2L, there is more time 683

and aging on the face than in the lateral dimension with the reverse for r < 2L. The larger 684

face dimensional surface area exposed to a corrosive environment would degenerate, more 685

time is generated, i.e., age, faster than the sides. For the narrow cylinder, the net number 686

of changes in the 2-D face area is less than changes in the surface, Area = 2πrL, so there 687

would be greater time generation in the lateral dimensions than the face dimensions. 688

A symmetric electromagnetic wave generates the same time in each space dimension, 689

three orthogonal dimensions exist that change simultaneously; electrical (E) wave, orthogo- 690

nal magnetic (B) wave and orthogonal spacetime generation as the wave propagates. Each 691

increment internal to the wave are relationships and these relationships necessarily change 692

simultaneously within the wave generating internal spacetime. Local space is generated 693

and eliminated for each half wave period serially but no net space is generated between 694

wave periods from wave emission to wave absorption when there is no external force acting 695

on the wave so propagation does not change the energy of the wave [11]. There is no net 696

energy change in a whole period during propagation, theorized to be the basis of observed 697

massless photons and since EM wave propagation generates its own environmental space 698

with no net spacetime change, no background external environment is necessary for EM 699

propagation. Therefore, for EM waves, since the same number of relationships change 700

synchronously in each dimension, time generation would be the same for each dimension. 701

3.8. Speed of Light: 702

The speed of light is theorized to be the maximum limit on local spacetime generation 703

emitted from a source. Maximum emission is a function of the density of the external 704

environment, number of relationships at the border of emission. Per this theory, this is the 705

maximum rate of transition between distinguishable wave increments internal to the wave. 706

That is, the number of Planck state changes between internal wave increments generate 707

the maximum spacetime (energy) for a given EM emission (constant number of Planck 708

states in a wave of energy E) [11]. Energy (spacetime) is decreased in the emitting system 709

generating the maximum environmental spacetime and vice versa at absorption. 710

Planck states and the speed of light are related. A decrease in Planck’s constant would 711

result in an increased frequency (decreased wave period with no change in ∆E increment) 712

for the same energy (same spacetime). For: 713

cCurrent h =
∆xCurrent h
∆tCurrent h

(18)
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and for example with: 714

hDecreased =
1
2

h (19)

the increased frequency: 715

υDecreased h =
2E
h

(20)

so the period is decreased T: 716

TDecreased h =
h

2E
(21)

Therefore, for the same generated space as the original wave, propagating at the 717

current speed of light, c, there would be more waves (increased maximum changes in 718

relationships) resulting in an observed higher speed of light for the same generated space. 719

A system where the Planck constant is decreased results in supraluminal changes which 720

have similar physical characteristics to the effect of higher dimensions for observations in 721

the lower dimensions [60,61]. 722

The effect of variations in Planck’s constant on the speed of light [11] can be applied 723

to Varying Speed of Light (VSL) theories which have been proposed to explain certain 724

phenomena such as cosmologic expansion and dark matter/energy. The variations in the 725

speed of light could be a consequence of variations in generated local spacetime [62]. It will 726

be shown to be a possible origin for the inflationary phase of the initial universe expansion 727

immediately after the big bang. See “Expansion of the Universe; Inflationary Phase.” 728

3.9. Property Changes with Speed (Special Relativity), Observations of Time for Observers at 729

Different Velocities 730

3.9.1. Time Dilation at Relative Speeds: 731

Per this theory, time dilation [1,63] for relativistic particle motion relative to stationary 732

particles is due to different number of changes in relationships for the two cases between 733

two same external events. The twin paradox [1] is an example of the effect of local time for 734

each twin. The time difference due to the relative velocity of the twins results in observable 735

different aging. The increment between internal events for the moving twin is greater 736

than for the stationary twin so the number of changes for the moving twin is less than the 737

number of changes for the stationary twin between the same start/stop locations. Time 738

generation decreases as velocity increases; there will be fewer changes for the moving twin. 739

At a speed of 80% of the speed of light, v = .8c, the stationary twin would have experienced 740

10 internal relationships changes for every 6 internal relationship changes in the moving 741

twin when the twins reunite (external event) so the stationary twin would have aged more. 742

3.9.2. Mass Change with Speed: 743

Multiple mechanisms for the observed change in mass with speed (Lorentz trans- 744

formation) [64] have been proposed [65]. Per this theory, the effect of speed on mass is 745

interpreted as a result of the mass interaction with the external environment [1,66]. To 746

demonstrate this, assume: 747

1. Rest mass is invariant [67]. 748

2. Mass is a measure of resistance to acceleration [1,66]. 749

Two observers moving at different velocities will measure two different magnitudes 750

for the same mass so these observations do not represent an intrinsic property of the mass. 751

As the particle’s velocity increases in the observer’s frame, external changes (changed 752

spacetime) will be observed as increased mass since the resistance to acceleration is ob- 753

served as continuously increasing even though there is no change in the mass’ inertial 754

frame (no change in mass). An external observer only observing this mass will not be 755

able to differentiate the change in mass due to the mass acceleration from change in the 756

relationship between mass and the external environment. 757
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An analysis follows to determine the observed number of relationship changes (num- 758

ber of Boltzmann state changes) for relativistic particle velocity changes consistent with 759

Special Relativity [68]: 760

Mo - intrinsic mass 761

M′ - relativistic mass 762

v - velocity 763

TParticle - Temperature of particle in Kelvin 764

N - intrinsic number of relationships in mass 765

∆N - observed change in number of relationships in mass 766

Observed number of intrinsic relationships (mass), ∆N, continuously increases as 767

velocity increases. Relativistic Mass: 768

M′ = Mo√
1−( v

c )
2 769

M′ = Mo + ∆M 770

Mo =
NParticlekBTParticle

c2 771

TParticle - Temperature of particle in Kelvin 772

∆M = ∆NObservedkBTParticle
c2 , 773

Example, v = .5c: 774√
1−

( v
c
)2

= .86 775

M′ = 1.16Mo = Mo + ∆M 776

∆Mo = 0.16Mo so 777

∆NObserved = 0.16NParticle 778

In this example, there would be additional Boltzmann state changes that external 779

observers observe as increased resistance to acceleration without intrinsic change in the 780

number of Boltzmann states. 781

3.10. Nuclear Temperature: 782

If the mass is one fundamental nucleus of an atom (no emission or absorption in- 783

teractions with the environment), the temperature here is internal to the atom. Internal 784

atomic temperature is unknown but a nuclear or subnuclear temperature due to mass 785

and energy interactions such as between proton and neutron or between quark and gluon 786

interactions is assumed to exist. There are multiple subatomic particles and a large number 787

of interactions in a very confined generated space theorized to result in a temperature. 788

Atoms, where electrons absorb or emit photons (or changes in spacetime in the vicinity 789

of the electron) change ambient energy (external to the nucleus) but not the energy of 790

the nucleus. That is, the nuclear temperature without radioactive decay would remain 791

constant or change would be insignificant (below the current ability to measure) since 792

rest energy does not appear to change (number of relationship interactions generating 793

internal temperature are approximately constant) and the nucleus does not loose energy 794

(does not radiate net energy). Since nuclear mass does not change, there is no change in 795

internal atomic temperature during acceleration in cyclotrons, even where electrons do not 796

surround the atomic nucleus. The added energy would increase its velocity. 797
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3.11. Particle Decay: 798

Among property probabilities for change in radioactive particles is the particle’s 799

probability to decay, a change in the mass property resulting in time generation in the 800

particle and environment. It is modeled here as a result of constant atomic internal changes 801

generating internal (inherent) time that occasionally results in generating external time 802

(decay event). When the internal entropic state of the particle has a change of relationships 803

resulting in a different configuration (a certain subset of relationships from the full set of 804

possible relationships), a particle is emitted. There is a theorized change in the number and 805

distribution of distinguishable and indistinguishable states (entropy change) within the 806

atom that has a corresponding change in local energy within the atom. When this internal 807

local energy change is greater than or equal to the energy of the emitted particles and has a 808

certain set of properties such as charge associated with weak force carriers, particles can 809

be emitted, that is, spacetime is transferred from the particle to the environment. For the 810

same radioactive particles where one particle decays, the “internal mass property” for the 811

decayed particle is different than for the not decayed particle. 812

For No total particles, the observed half-life, t 1
2

and τ, is the mean lifetime duration 813

between a large number of decay events, N(tp) for exponential decay where t 1
2
= τln2. 814

The number of observed particle decays in duration tp is N(tp) = N0 − N0e
−tp

τ for one 815

decay per external observer reset/observation. 816

Probability of inherent particle decay is: 817

p(tp) =
N(tp)

No
=

# decayed particles
Total # particles

= 1− e−tp/τ (22)

818

The conventional background duration, tp, to determine mean lifetime duration, τ, for 819

this case is: 820

tp = −τln(1− p(tp)) (23)

821

External observer probability equal to zero (p(tp) = 0, tp → 0) means that there can be 822

no observed decayed particles, interpreted as zero observer duration and no external time 823

generation event (no probability of change in zero time generation). For probability equal to 824

one (p(tp) = 1, tp → inf) means all particles are externally observed to have decayed. This 825

is only certain in infinite external duration and for No particles the external time generated 826

local events is maximized and equals the discrete changes of each decay event when all 827

radioactive particle are decayed. Since a large number of internal changes are theorized to 828

generate local internal subatomic time resulting in an observed small number of discrete 829

changes generating time between the particles and environment, the external background 830

duration (a change with each decay) is different than local internal (inherent) atomic time 831

generation. 832

The theorized number and distribution of distinguishable and indistinguishable 833

changes, resulting from changes in external observer resets/observations, affect the half- 834

life as demonstrated by the Zeno and anti-Zeno effect. That is, external observer re- 835

sets/observations at a given repetitive rate or addition of external energy affects internal 836

system relationships, changing the probability of decay. If observer reset/observation 837

is continuously occurring (∆to → 0) where ∆to is the duration between observer resets 838

and observations, the decay events would be approximately zero (Zeno effect) [69]. The 839

effect of externally induced internal changes (Zeno and anti-Zeno effect) on duration be- 840

tween radioactive decay is another indication that inherent mass property time is related to 841

changes in internal relationships. See “Verification of Theory.” Internal decoherence can 842

have an analogous effect to an external Zeno effect affecting the internal (inherent) particle 843

spacetime and the number and distribution of distinguishable and indistinguishable states 844

that can result in radioactive decay. 845
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Setting the number of internal changes in the radioactive particle to ∆N bit increments 846

of discrete entropic cell size, ∆E = kBT, the energy change, ∆ED, for the decay (D) in a 847

radioactive particle is ∆ED = ∆NkBT. Let Ni, N f be the number of states in the initial and 848

final states of the radioactive particle before and after decay, respectively. The pre- and 849

post- decay are two different entropic space conditions of the radioactive particle due to the 850

different number of states at different instants of “present” time. The mass equivalent of 851

the particle is a combination of all distinguishable and indistinguishable states (Boltzmann 852

states) and energy transfer (Planck states) occurring between states. The energy change, 853

for simplicity and as a representative approach to such problems, are modeled as the mass 854

equivalent of a number of Boltzmann states. The internal state of the atomic nucleus is 855

modeled as N distinguishable and N(N − 1) indistinguishable state equivalents of a multi- 856

slit, indistinguishable system (N2 total states). In this case where Ei > E f (mass energy of 857

particle decreases after decay), the initial and final number of possible configurations, Wi, 858

and W f at temperature Ti, and Tf (temperature change is due to less internal interactions 859

and fewer number of configurations after decay) respectively, can be determined: 860

∆ED = Ei − E f = kB(Tilog2Wi − Tf log2W f ) = kTBlog2

(
Wi
W f

)
(24)

For insignificant internal nuclear temperature changes: 861

∆ED = Ei − E f = kB(Tilog2Wi − Tf log2W f ) = kBTlog2

(
Wi
W f

)
(25)

Wi =
Ni

2!
(Ni

2 − (Ni(Ni − 1)))!(Ni(Ni − 1))!
=

Ni
2!

(Ni)!(Ni(Ni − 1))!
(26)

W f =
N f

2!

(N f
2 − (N f (N f − 1)))!(N f (N f − 1))!

=
N f

2!
(N f )!(N f (N f − 1))!

(27)

3.12. Superposition/Entanglement Applied to Bell’s Inequality and Double Slit Systems: 862

States, as defined here, cannot just disappear (energy is conserved) so any changes 863

between states are due to states either being emitted or absorbed (open system) or internal 864

distribution changes (closed system). The transfer of relationships between states across 865

a boundary, such as transfer of indistinguishable states between the slits (system) and 866

environment is a transfer of relationships, system space, to adjacent space, generating 867

local time. This contrasts with determining value, “meaningful” information, observed 868

externally as duration and length between the source and observer. 869

A decrease in the number of observers results in an increase in the number of in- 870

distinguishable states (increasing missing information) which changes the number of 871

relationships and how they can interact. See Appendix for the relationship between imag- 872

inary numbers and missing information in multi-slit systems for wave/particle duality 873

determination. Per this theory, the same quantum mechanical mechanism can be applied 874

to entanglement of particles/properties and superposition in double slit system. Both are a 875

function of relationships and relationship changes. A well-defined state cannot be assigned 876

to each of the slit interactions in double slit systems without a path information observer 877

or entangled photons (or spin states) without a polarization (spin) observer, respectively. 878

The addition of observers increases information in the system so with an equal number of 879

states and observers the inputs can be uniquely (within uncertainty constraint) determined 880

from the outputs. 881

Superposition/entanglement is a reciprocal (interdependent) binary, non-observable, 882

relationship between two distinguishable states. Each distinguishable state is one bit 883

of information, that is, can be in one of two states as a function of interaction between 884

the state and environment. In the double slit or entanglement (spin) distinguishable 885
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system (number of observers equals number of configurations) there are two possible states 886

of environmental/slit (spin) configurations. If the number of states is greater than the 887

number of observers, an indistinguishable system, there are additional slit-silt or spin-spin 888

(superposition/entanglement) interactions increasing the number of configurations due to 889

the inability to obtain information. The missing information results in all binary “allowed” 890

phase differences so although not observable, the resulting superposition/entanglement 891

interactions affect what is observed (interference). Reset, per this theory, or observation 892

(“value” information transfer), per convention, provides additional information which 893

completely establishes the state of the system and changes the superposition/entangled 894

indistinguishable system (double slits or spin) to a distinguishable system; the inputs can be 895

recreated from the output [56]. In superposition (double slit systems), but not entanglement, 896

states are reversibly transferred from the environment to the system at observation if no 897

additional observers are reset. Reset reverses the process. This is in contrast to entangled 898

states where states are irreversibly transferred to the environment so post-observation there 899

is only relationships between the states and environment with no additional entangled 900

states (no spin-spin states). 901

Spin entangled states, double slit systems and EM phase interactions with polarizers 902

will be shown to have related mechanisms. In entangled spin systems, the additional 903

information provided by observer reset/observation is provided by one observer. If one 904

spin is observed as +, the other will be observed – or in double slit systems with the addition 905

of a path information observer that observes one source/slit interaction, the observation of 906

interaction with the other source/slit is eliminated. There is complete information since 907

the final detector screen is an additional observer. In entangled systems, information that 908

system states are entangled is one bit of information. That information is not available for 909

double slit systems, i.e., the information that there are two states is not available. The only 910

way of “knowing” there are only two slits, equivalent to “knowing” there is an entangled 911

relationship, is through observation of both slits. If the final detector screen observer in 912

double slit systems has information that there are only two slits and one source, analogous 913

to entanglement (relationship information is available), the information is complete, two 914

inputs and two outputs, and no interference would be observed at the observation of the 915

final detector screen, but the final detector screen does not have this information. It is only 916

obtained when a path information observer is added. 917

The different system/environmental interactions between EM wave phases and po- 918

larizer angle for each binary entangled photon is comparable to the phase between the 919

number of Planck states per increment interacting with positions within each slit for one 920

source wave [56]. In both cases, particles/properties in transit are real. The observation in 921

Bell’s inequality experiment is analogous to the negative EM half period [56]. That is, an 922

observation in Bell’s inequality experiment, (+), (photon phase is parallel to the polarizers), 923

is analogous to the observer’s absorption of negative EM half period, the EM wave half 924

period that is observable (+) as it decreases the number of Planck states in the environment. 925

Not observing an output (-) after the polarizer is analogous to the positive EM half period 926

which is emitted from the source but is not observable (-). The not transmitted wave is 927

reflected at the polarizer so there is no change in the number of Planck states emitted from 928

the source to the environment. 929

The analogy between Bell inequality type experiments and double slits can be summa- 930

rized as: 931

Equivalence of entanglement and superposition: There are theorized four possi- 932

ble binary interactions in the entangled particle/property pre-reset/observation in anal- 933

ogy to double slit, indistinguishable systems. Entangled spin states will be used as a 934

model. Two are distinguishable spin interactions with the environment (spin+→ spin+, 935

2 Interaction of source wave increments with same relative position within each equal-sized double slit system
results in observed peak at center position between slits. Source binary interactions with different locations in
different slits results in non-zero phase difference as the signals propagate, that is, different length for each
wave increment from each slit to reach the final detector screen.
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Bell Inequality Double slit system
Entanglement Superposition

+: observation post-polarizer +: negative half EM wave observable
-: no observation post-polarizer -: positive half EM wave not observable

Angle difference between source phase and
polarizer

Angle difference between source phase and
position in slit (varies with intersection of
source with internal slit location)

Phase difference between polarizers Distance difference between source signal inter-
action at locations within each slit2

Detectors at output of polarizers Virtual detectors (theoretical – cannot detect
independent number of Planck states per
increment within EM wave exiting each slit)

Number of outputs of one polarizer correlated
with outputs at other polarizer

Number of observations from outputs of one
slit correlated with outputs of other slit in the
indistinguishable case (interference)

Post-observer reset, no information regarding
previous entanglement

Post-observer reset, no information regarding
previous superposition state

Post-observation, no entanglement Post-observation, reestablished superposition
Table 1. Comparison between Bell Inequality and Double Slit System characteristics

spin− → spin−) and two are indistinguishable binary interactions between the spin states 936

(spin+ → spin−, spin− → spin+). As previously stated, these are analogous to the two 937

slit/environment interaction (slit1→ slit1, slit2→ slit2) and the binary indistinguishable 938

interactions (slit1 → slit2, slit2 → slit1). At reset/observation of an observer of one en- 939

tangled state, the indistinguishable (entangled) relationships are eliminated and theorized 940

to be transferred to the environment. That is, there is a theorized change in the number 941

of possible relationships (bits) between entangled particles/properties with an observer 942

reset/observation of at least one spin state [56,70] decreasing the four (distinguishable plus 943

indistinguishable) states to two distinguishable states in the system. The equivalent process 944

in double slit systems is the addition of a path information observer reset/observation, a 945

second observer which provides additional system information, eliminating interference 946

by transferring indistinguishable (superposition) states to the environment [56]. A method 947

has been presented to determine whether the change in the number of states occurs at reset 948

or observation in multi-slit systems since the path information observer reset/observation 949

can be physically separated from the slit being observed and occurs before the results of 950

slit-environmental interactions are observed on a final detector screen [56] as in delayed 951

choice experiments [71,72]. An energy difference in an enclosed system is predicted to in- 952

crease with observer reset/observation in multi-slit systems or multiple entangled particles 953

that would not occur for observations of distinguishable slits or non-entangled particles. 954

See “Verification of Theory.” 955

Post-observer reset/observation of one of the states, the previously but no longer 956

entangled particles have no information of past entanglement, that is, there is no relation- 957

ship between the previously but not now (present) entangled spin states. However, each 958

of the distinguishable spin state relationships with the local environment continues to 959

exist in the present. That is, since entanglement is not re-established post-observation the 960

two previously entangled states have relationships only with the environment. Post-spin 961

observation, since there is no longer a relationship between the previously entangled states, 962

there is no space generation between them. The only space generation for them is with the 963

local environment so length between them is what an external observer would observe, 964

not related to entanglement. In contrast to entangled states, in the double slit distinguish- 965

able case, with observation at the final detector screen, the system again returns to an 966



Version February 16, 2025 submitted to Journal Not Specified 22 of 62

indistinguishable system (superposition) since there are again more states than observers. 967

Observation in double slit systems is theorized to result in the energy of indistinguishable 968

states formerly transferred to the environment, transferred back from the environment 969

to the double slit system changing distinguishability back to indistinguishability. This 970

is in contrast to entangled systems where entanglement post-reset/observation does not 971

exist and the entangled energy transferred to the environment is not transferred back to 972

the system so there is no re-generated entangled state (no entanglement so no indistin- 973

guishable/superposition states). The difference in post-observation changes in double slit 974

and entangled systems and the inability to independently observer the number of Planck 975

states exiting each slit is the major reason they are considered as two different quantum 976

mechanical mechanisms. 977
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The relationship between distinguishability and indistinguishability for entanglement 978

and double slit systems can be summarized as:

Entanglement Double slit system

Two entangled states Two equal sized slits, source, final detector
screen interaction

4 states 4 states
2 distinguishable 2 distinguishable
2 indistinguishable 2 indistinguishable

Observe one entangled state Path information reset/observation of
slit/environmental interaction

Approximate instantaneous change in not
observed state

Approximate instantaneous change in not
observed slit/environmental interaction (no
interference)

Reset/Observation - eliminates entanglement Reset/Observation – eliminates superposition

Location1 Location 2
Spin+ Spin-
Spin- Spin+

Slit 1 Slit 2
Interaction No interaction
No interaction Interaction

No entanglement post-observation Re-established superposition between slits

No generation of entangled states Transfer of indistinguishable states to system
Table 2. Comparison of Entanglement and Double Slit System States

979

Per this theory, non-entangled properties within entangled particles have no relation- 980

ship with each other but still have a relationship with the environment. The approximately 981

zero-time relationship for the change of state of the “other” not observed entangled particle 982

with observation of one entangled state only applies to completely entangled particles. 983

Observed duration between two locations for non-entangled, partially entangled and com- 984

pletely entangled property (state) relationship changes will be different. The dependence 985

of externally observed duration between changes of the two separated particles/properties 986

for these different levels of entanglement is an indication that space and time are local. See 987

“Verification of Theory.” Observation of an entangled property would change the reciprocal 988

entangled state approximately instantaneously even after the information of an observation 989

of a non-entangled property “value” information is in transit. 990

The analysis for entangled particles/properties in Bell’s inequality experiment can be 991

applied to interactions in double slit systems, indistinguishable case. The state vector for a 992

source emitting two photons with different frequencies, υ1 and υ2 is given by: 993

|ψ(υ1, υ2)⟩ =
1√
2
(|x, x⟩+ |y, y⟩) (28)

Per this theory, this can apply to double slit systems where υ1 and υ2 are outputs 994

from each of the slits. In both cases |x⟩ and |y⟩ are linear states that interact binarily. The 995

previously proposed model for internal characteristics of EM waves modeled as varying 996

distinguishable increments, each composed of a different number of indistinguishable 997

Planck states, results in the ability for different EM wave increments to interact with differ- 998

ent slits until observed [56]. The final observed result on a detector screen is determined by 999

the source momentum. That is, how the individual, discrete EM wave increments from each 1000

slit reach the final detector is a function of the distribution of internal EM wave increments 1001

emitted from the source in the same direction and consequently observed at the same loca- 1002
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tion on a final detector screen [56]. Although discrete wave increments from different slits 1003

transfer momentum serially and are separated in space, the distance between increments 1004

and momentum transfer occurs in approximately one wave period. The distance between 1005

the two slits and, therefore, between wave increments is approximately one wavelength so 1006

is observed as one “whole” photon. 1007

Coincident probability (correlation coefficient) of wave increment interactions in dou- 1008

ble slit systems or outputs of polarization requires multiple observations. The correlation 1009

coefficient changes sinusoidally. Without entanglement or superposition, the result of the 1010

correlation coefficient as a function of orientations is linearly related (classical) [73]. This is 1011

the basis of observations that violate Bell inequality experiments. That is, sinusoidal corre- 1012

lation coefficients as a function of orientation includes the additional effect of simultaneous 1013

binary bilateral relationships between states (entanglement or superposition) that results in 1014

the observed increase of the quantum mechanical limit over the classical limit. 1015

Consider binary measurements in Bell’s inequality: Ao and A1 for location A and, 1016

similarly, Bo and B1 for location B [73]. Locations within slits in double slit systems are also 1017

designated as Ao and A1 for slit 1 and Bo and B1 for slit 2. The measurements for Ao and 1018

A1 can be either +1 or −1 and for Bo and B1 can also be either +1 or −1. Conventionally, 1019

propagation and state changes occur in background time, so Ao measurement of 1 is of 1020

a “real” particle/property, ao, that is, independently interacts with the environment and 1021

assumed to exist independent of being observed. In this case, neither of the entangled 1022

particles/properties influence the other particle or interactions at one slit influences the 1023

other slit (no entanglement or superposition). This is the distinguishable, classical case 1024

for both systems. Per this theory, a limit is determined for the case with “real” local 1025

particles/properties existing (distinguishable) in linear background spacetime. Values of ao 1026

and a1 are ±1, and values for bo and b1 are ±1 so ao = a1 or ao = −a1. For the case, ao = a1 1027

the result is (ao − a1)b1 = 0 and for the case, ao = −a1 the result is (ao + a1)bo = 0. The 1028

limit is determined by considering the combination: 1029

aobo + aob1 + a1bo − a1b1 = (ao + a1)bo + (ao − a1)b1 (29)

Since only one of the two above cases can be realized, the classical value limit is ±2. 1030

Only one of these four observations can be obtained per experiment so multiple experiments 1031

are necessary to determine this limit. Based on the assumption of “real” particles, the limit 1032

is ≤ 2. 1033

This classical expectation value limit is violated with entanglement and superposition 1034

indicating the classical assumption is incorrect. That is, observations correlating outputs of 1035

coincidence polarizers at intermediate polarization angles or phase differences between 1036

unobserved slits is inconsistent with classical results. The assumption of “real” particles in 1037

the conventional interpretation of Bell’s inequality formulation assumes this assumption is 1038

violated, i.e., properties are not “real” until observed [73]. An underrecognized assumption 1039

in these experiments is that the analysis of these experiments assume a continuously 1040

changing background spacetime. A modified mechanism is proposed here that describes 1041

Bell’s inequality is due to the nonlinear and local nature of spacetime based on relationships 1042

defining “local.” In such a case, particles and properties are “real,” not dependent on 1043

observations. 1044

To demonstrate this, consider single probabilities, where a is either orientation of 1045

interactions of an EM wave with polarizer a or relationships between source wave and slit 1046

a with a similar consideration for a second polarizer and slit b (path information observer 1047

observing each slit independently) resulting in probability P+(a), P−(a), P+(b), P−(b): 1048

P+(a) = P−(a) =
1
2

(30)

1049

P+(b) = P−(b) =
1
2

(31)
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This is the case for each independent polarizer in Bell’s inequality experiments and 1050

each independent equal-sized slit in double slit systems. Polarization or source/slit interac- 1051

tions cannot be assigned to each photon so each measurement post-polarizer or double slit 1052

systems results in random observations. Observing orientation a and b in + or − channels 1053

exiting the two polarizers or slits are equal. 1054

Next, consideration is for the coincidence probability for observation from parallel 1055

(++,−−) or perpendicular polarizers (+−,−+) or double slit distinguishable case for each 1056

slit (++,−−) or correlated observations from both slits (+−,−+): 1057

P++(a, a) = P−−(a, a) =
1
2

(32)

1058

P+−(a, a) = P−+(a, a) = 0 (33)

This is considered the distinguishable case, for parallel polarizers (a = b), 0o phase, 1059

and for distinguishability in double slit systems, 0o phase, the same number of Planck states 1060

per increment at each space and time (local) interacting simultaneously with only one slit 1061

resulting in observation from the output at one slit with no observation at the other slit. 1062

Superposition requires consideration of joint probabilities. Application of Malus law 1063

[74] for Bell’s inequality experiments and relationships between EM wave increments 1064

interacting with different locations from each slit results in joint detection probabilities: 1065

P++(a, b) = P−−(a, b) =
1
2

cos2(a, b) (34)

1066

P+−(a, b) = P−+(a, b) =
1
2

sin2(a, b) (35)

This includes the entangled and superposition possible interactions in addition to the 1067

distinguishable interactions. 1068

The following demonstrates the correlation coefficient for double slit systems is the 1069

same as that for entanglement in Bell’s inequality experiments. Consider a double slit 1070

system where d is distance between slits, L is the minimum distance between slits and final 1071

detector screen (midline), y is the location of the observation on a final detector screen with 1072

origin at the projected midpoint between slits on the final detector screen, wavelength is λ, 1073

A is the amplitude, and k = 2π
λ based on the input signal wavelength. The outputs exiting 1074

the two slits are harmonic wave motion and the observation is the sum of the phasors 1075

exiting each slit. The distance from slit 1 to y, r1, and slit 2 to y, r2, respectively is: 1076

r1 =

√
L2 +

(
y−

(
d
2

))2
(36)

1077

r2 =

√
L2 +

(
y +

(
d
2

))2
(37)

For the wave leaving each slit with amplitude A and same phase (which can be and is 1078

assumed to be 0o), the interference at the final detector screen is: 1079

A√
r1

eikr1 +
A√
r2

eikr2 (38)

Intensity, the square of amplitude, is: 1080

I ∝
(

A√
r1

cos(kr1) +
A√
r2

cos(kr2)

)2
+

(
A√
r1

sin(kr1) +
A√
r2

sin(kr2)

)2
(39)
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Assuming y≪ L, A√
r1
≈ A√

r2
≈ A√

L
, probability is proportional to I

Io
where Io =

4A2

L , is the 1081

maximum observation limit for
(

kr1−kr2
2

)
= 0. In this case, the probability for coincident 1082

observation is: 1083

P++ ∝ cos2 kr1 − kr2

2
= cos2(a, b) (40)

where (a, b) is the angle between
(

kr1
2

)
and

(
kr2
2

)
The correlation magnitude is given by 1084

the correlation coefficient determined from: 1085

E(a, b) = P++(a, b) + P−−(a, b)− P+−(a, b)− P+−(a, b) (41)

which reduces to: 1086

E(a, b) = cos2(a, b) (42)

Clauser, Horne, Shimony, Holt inequality (BCHSH inequality) representation of Bell’s 1087

inequality [75], defined a quantity: 1088

S(a, a‘, b, b‘) = E(a, b)− E(a, b‘) + E(a‘, b) + E(a‘, b‘) (43)

The maximum of S(a, a‘, b, b‘) occurs at the angle for the four polarizations and slit- 1089

environmental interactions at angles: a = 90o, b = 67.5o, a‘ = 45o, b‘ = 22.5o so S = 2
√

2. 1090

At the difference between these angles, the hidden-variable assumption is violated per 1091

conventional interpretation of Bell’s inequality experiments and double slit systems but 1092

does not violate the hidden variable assumption if spacetime is local and non-linear as 1093

theorized here. That is, per this theory, considering local space (relationships) and non- 1094

linear time (relationship changes), particles/properties are real and result in the same 1095

correlation coefficient as determined and observed in Bell’s inequality experiments. Thus, 1096

the same quantum mechanical mechanism applies to entanglement in Bell’s inequality 1097

experiment and equal-sized double sit systems. 1098

The strong analogy between double slit systems and entangled particles/properties 1099

decreases as the number of slits and number of entangled particles/properties increase 1100

since superposition between all binary interactions between slits in multiple slits is possible 1101

whereas entanglement is between one binary entangled state. For a N multi-slit system 1102

there are a total of N2 distinguishable plus indistinguishable states. However, for N 1103

entangled pairs (2N particles) there are 4N distinguishable plus indistinguishable states (2N 1104

independent, distinguishable, particles/properties plus 2N entangled, indistinguishable, 1105

states per entangled pair). These result in different energy changes in the systems as 1106

observer reset/observations are introduced into the system. See “Verification of Theory.” 1107

3.13. Time and Temperature: 1108

Since space and time are functions of entropy per this theory, temperature is necessary 1109

for spacetime to exist. Time, based on changes in entropy, would be a function of the 1110

change in W and/or temperature for S = ∆E
T = kBlnW. The temperature dependence 1111

that is expected with state changes is demonstrated by Planck’s law; observed intensity 1112

as a function of frequency-temperature relationship which models observations of black 1113

body radiation [1]. Since frequency is related to spacetime generation per this theory, this 1114

time-temperature-probability relationship can be interpreted in terms of local temperature 1115

and related quantitatively to entropy of internal EM wave characteristics at the instant of 1116

observation [11]. 1117

Time at 0oK: As temperature decreases, energy, changing relationships between par- 1118

ticles and between particles and environment, decreases. At zero absolute temperature, 1119

the changes in relationships of external particle interactions approach zero, that is, there 1120

is no change in information, so state changes and time approach zero and duration ap- 1121

proaches infinity even as internal atomic or subatomic interactions have a finite probability 1122

of changing so inherent time is being generated. 1123



Version February 16, 2025 submitted to Journal Not Specified 27 of 62

4. Discussion 1124

Consideration of the presented concepts to other physical theories and observations 1125

will be discussed here. 1126

4.1. Black Hole Entropy: 1127

Multiple possible different microstates have been proposed for black hole entropy 1128

[76]. An additional possibility is proposed here where each distinguishable state is a 1129

microstate, that is, mass is defined in Boltzmann increments (conventional microstates 1130

are equivalent to ministates as defined here). The density of the Boltzmann states is 1131

maximized in black holes. These are determined as the maximum number of minimal mass 1132

differences between “comparable” states for a spherical surface at Schwarzschild’s radius. 1133

It is computed as the minimum two-dimensional surface for a number of existing states. 1134

The following is for idealized black holes, that is, for stationary, spherically symmetric 1135

black holes (Schwarzschild black holes) where angular momentum is zero, no electric 1136

charge and the cosmological constant is zero so only mass has a macroscopic observable 1137

effect. This model consists of a large number of two-dimensional distinguishable surfaces 1138

(generating 2-D spherical surface analogous to a linear 1-D multi-slit system). However, 1139

whereas the 1-D slits generate a 2-D pattern, the 2-D surface generates a 3-D pattern which 1140

has previously been related, in the literature, to a holographic model of the universe [77]. 1141

If angular momentum and charge are considered, there would be more states based on 1142

differences and changes in differences of these properties, changing spacetime of the black 1143

hole. In this ideal black hole case, the number of possible states is maximized so thermal 1144

(no indistinguishable states) and quantum entropy (number of distinguishable states with 1145

zero indistinguishable states) are the same. 1146

The minimal incremental area within the sphere is 4l2
p [78]. Based on previously 1147

determined entropy of Schwarzschild black holes in 4l2
p increment, the entropy would be: 1148

S = kBlog22
A

4l2p (44)

or 1149

S =
A

4l2
p

k (45)

where A is the Schwarzschild area. Each 4l2
p increment can be modeled as l2

p area increments 1150

in four possible bit configurations:
(

0 1
1 0

)(
1 0
0 1

)(
1 1
0 0

)(
0 0
1 1

)
. The spaces generated 1151

by each of these minimal area relationship has a distinct position (each angle and change in 1152

angle between adjacent increments is unique) within the system so each minimal area incre- 1153

ment is distinguishable and has a distinguishable effect on gravity. That is, the interaction 1154

between each two-dimensional increment of the three-dimensional surface of the black hole 1155

sphere and environment is unique (distinguishable), similar to distinguishable different 1156

one-dimensional spaces in multi-slit systems. Thus, there is only one mass configuration 1157

equivalent for any given mass that affects externally observed gravity. An element of 1158

mass transferred between a black hole and environment changes the number of internal 1159

states of the black hole in 4l2
p area increments changing the observable gravitational effect. 1160

This is modeled as transfer (time) of space (bits) which changes the Schwarzschild surface 1161

area. For information defined as the existence of a difference (distinct relationships exist) 1162

conservation of energy (spacetime) is maintained because the number of states (bits) that 1163

can be transferred to the environment (spacetime) is the same number of states previously 1164

transferred from the environment to the black hole so there is no loss of information. The 1165

bilateral transferred “type” bits are all mass states in the ideal case so the information 1166

is the number of differences in Boltzmann states. Without transfer of states between the 1167

black hole and environment, internal black hole entropy change would be zero (no time 1168
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generation – constant present) and, per this theory, externally determined duration would 1169

be infinite. 1170

The total number of distinguishable Boltzmann states in a black hole (BH), NBH , that 1171

result in the observed gravity in a surface of area A in increments of 4l2
p can be determined 1172

from two representations. Let: 1173

Gravitational constant: G = 6.67× 10−11Nm2/kg2
1174

Planck length: lp = 1.6× 10−35meters 1175

TBH – black hole temperature in degrees Kelvin, oK 1176

MBH – black hole mass in Kg. 1177

NBH - number of bits in 4l2
p increments in black hole 1178

W = 4 - number of configurations per increment 1179

The number of Boltzmann states in mass of a Black hole is determined from: 1180

EBH = NBHkBTBHlog2W = NBHkBTBHlog222 = 2NBHkBTBH = MBHc2 (46)

MBH =
E
c2 =

2NBHkBTBH

c2 (47)

NBH =
MBHc2

2kBTBH
where TBH =

h̄c3

8πGMBHkB
(48)

so 1181

NBH =

(
MBHc2

2kB

)(
8πGMBHkB

h̄c3

)
=

4πGM2
BH

h̄c
(49)

Bits in Schwarzschild sphere is determined from: 1182

NBH =
A

4l2
p

(50)

where 1183

ABH = 4πr2 =
16πG2M2

BH
c4 (51)

since 1184

rSch =
2GMBH

c2 (52)

and since 1185

lp =

√
h̄G
c3 (53)

NBH =

(
16πG2M2

BH
c4

)(
1

4l2
p

)
=

(
4πG2M2

BH
c4

)∣∣∣∣ c3

h̄G

∣∣∣∣ = 4πGM2
BH

h̄c
(54)

The similarity between the number of Boltzmann states determined from the mass 1186

and from the Schwarzschild area indicates that the mass equivalent of Boltzmann states 1187

are fundamental mass states since black holes are the maximum number of minimal mass 1188

states. Mass, then, is an accumulation of Boltzmann states. 1189
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4.2. Temperature in neutrons and neutron stars: 1190

Given the number of Boltzmann states or internal quark/gluon mass and energy, an 1191

internal nuclear temperature is expected to exist. The following is a basic, classical analysis 1192

that would indicate internal subatomic temperature exists. The specific temperature is not 1193

considered realistically modeled here for many reasons, including the analysis is classical 1194

for an ideal gas, not quantum mechanical. A neutron will be used as an example since there 1195

is no charge to consider and its relationship to neutron stars. The ideal gas law constraints 1196

are incorporated in the determination of the internal neutron temperature: 1197

1. Consider neutron as a 3− D well, a box with constant volume, VNeutron. 1198

2. Box is thermally insulated so there is no thermal transfer to the environment. Electrons 1199

shield the nucleus from environmental photons (external energy change results in 1200

change in orbital state, but no nuclear thermal change). 1201

3. Each Boltzmann state is modeled as a mass within the volume so there are a large 1202

number of masses: Thermodynamic gas models apply to a container with volume, 1203

V = VNeutron and a large number of identical particles with mass, which in this case, 1204

is Boltzmann mass, MBoltz, where MBoltz = kBT
c2 . There are two unknowns, T, and the 1205

number of Boltzmann states, N, in the neutron mass as: MNeutron = NkBT
c2 . 1206

4. Boltzmann states are modeled as being in constant motion and collide elastically with 1207

the nuclear wall which is considered stationary (infinite mass). 1208

5. The number of Boltzmann states per unit volume,
(

N
VNeutron

)
, is considered to be 1209

uniform. 1210

6. Energy transfer between quarks (strong and weak nuclear forces) are converted to 1211

mass states in increments of Boltzmann states so the entire sub-nuclear mass and 1212

energy is in Boltzmann increments. That is, the energy of quark/gluon interactions 1213

are incorporated in the number of Boltzmann states. 1214

7. Gravitational force is not considered. 1215

For a neutron: 1216

radius is rNeutron = 0.8× 10−15m [79] ; 1217

volume is: VNeutron = 2.14× 10−45m3
1218

Neutron mass is MNeutron = 1.67× 10−27Kg [1]. 1219

Using E = NkBT = Mc2: 1220

T =
Mc2

NBoltzmannState/NeutronkB
= 10.9× 1012

(
1

NBoltzmannStates/Neutron

)
(55)

This is the internal neutron temperature for a given number of Boltzmann states. 1221

The relationship between the number of Boltzmann states and temperature can be ap- 1222

plied to a neutron star with the assumption that the neutron’s temperature is in equilibrium 1223

with the neutron star’s temperature. The initial neutron star temperature is approximately 1224

T = 1011 − 1012oK [80]. Using the average temperature T = 0.5× 1012oK, for one neu- 1225

tron increment (N = 1), the equivalent mass can be determined: MNeutron = kBT
c2 = 1226

0.77× 10−28Kg. At this temperature approximately 22 Boltzmann states constitute the cur- 1227

rently observed neutron mass implying that at this extreme a neutron is a limited number 1228

of Boltzmann state mass increments. 1229

4.3. Interpretation of Material Wave: 1230

The deBroglie representation of particle mass as a wave [1] enables energy transmis- 1231

sion from a source to observer with the same probability distribution as waves, that is, 1232

interference is observed in double slit systems for particles [81,82]. However, differences 1233

exist between deBroglie matter waves and electromagnetic (EM) waves. For example, 1234

matter waves do not consist of electrical (E) and magnetic (B) fields. EM waves transmit 1235



Version February 16, 2025 submitted to Journal Not Specified 30 of 62

radiant energy whereas matter waves transmit the particle momentum. EM waves always 1236

travel at the speed of light whereas matter waves have variable velocities at subluminal 1237

speed. EM waves are massless whereas matter waves have a mass and internal structure. 1238

The deBroglie wavelength corresponding to a frequency is for a mass with momentum 1239

analogous to EM wave spacetime generation where spacetime generation is consistent with 1240

EM wave spacetime generation. That is, even though deBroglie waves are not EM waves, 1241

per I-Wave Theory [56] as waves, they are modeled as also having a positive half-wave 1242

cycle that generates spacetime in the environment and a negative half-wave cycle that 1243

removes spacetime from the environment. In further analogy to EM interference in the 1244

double slit indistinguishable case, phase differences between the number of Planck states is 1245

equivalent to binary deBroglie wave increment interactions also resulting in an interference 1246

pattern in double slit systems. 1247

The nonrelativistic case is considered here where the frame of reference is not acceler- 1248

ating. For example, consider an electron of kinetic energy, KE, of 100eV. The momentum 1249

is: 1250

p =
√

2Me−KE = 1.7× 10−23 KgMe−

s
(56)

Me− = electron mass (9.11× 10−31Kg) (57)

Therefore, deBroglie wavelength is: 1251

λ =
h
p
= 3.87× 10−11m (58)

Velocity, v, is the group velocity of the wave in an isotropic media where the wave- 1252

length depends on the velocity of the particle. The matter wave transmits the energy so 1253

from the momentum equation, the velocity can be determined: 1254

v = 1.87× 107 m
s
[KE =

Me−v2

2
, Me−v = 1.7× 10−23 Kgm

s
] (59)

which corresponds to a frequency of: 1255

υ =
v
λ
= 4.8× 1017Hz (60)

Per deBroglie’s formula, h = λp, the product of wavelength with the corresponding 1256

momentum generates one Planck state. That is, the momentum due to particle motion 1257

associated with the corresponding wavelength of matter can only change in Planck state 1258

increments. 1259

4.4. DeBroglie wave and probability wave velocity 1260

The deBroglie wave is assumed to propagate at velocity, v, whereas a theorized proba- 1261

bility wave [71] would propagate at the same velocity or could be decoupled, independent 1262

of the deBroglie wave velocity, and propagate at a different velocity. The probability wave 1263

speed maximum, per relativity, would be limited by the speed of light. However, as shown 1264

in the Appendix, probability is a real number (no imaginary component) so a wave is 1265

not a good model for the probability wave. Thus, the probability can also be modeled 1266

as an entangled process, with no missing information so probability is approximately 1267

instantaneously available with observer reset/observation. Unlike entanglement of one 1268

binary reciprocal interaction (between entangled states), as discussed above, the probability 1269

wave would entail multiple possible binary state interactions between the source and each 1270

possible observer (point on a final detector screen), where each interaction has a given 1271

probability. 1272

The probability is changed by additional external interactions such as observer re- 1273

set/observation of an entangled component or path information observer. The scenario in 1274

this case would be a particle emission, probability entanglement or a change in the prob- 1275
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ability wave trajectory changing the observed particle interaction with the environment 1276

such as positions on the final detector screen. Path information observer reset/observation, 1277

even post-slits as in delayed choice experiments changes the probability wave, changing 1278

observations between interference and no interference. This may be related to the Zeno and 1279

anti-Zeno effect changing the probability of decay where an external effect changes internal 1280

probability theorized to be due to changes in the number or ratio between distinguishable 1281

and indistinguishable internal atomic states which would have the effect of changing the 1282

interference pattern as in multi-slit systems. 1283

4.4.1. Experiment 1: Observation of probability wave effect 1284

The effect of the probability wave (differentiated from deBroglie wave) on observation 1285

of a particle such as electron interference can be experimentally investigated: 1286

1. Assuming delayed choice interactions apply to deBroglie waves, the limitation on 1287

the delay that changes wave interference pattern to a particle pattern can indicate 1288

if interference is determined by the probability wave propagating at the deBroglie 1289

wave velocity v, at the speed of light or instantaneous if entangled. This is dependent 1290

on reset/observation of the path information observer timing relative to the change 1291

from interference to no interference [56] in double slit systems. There is a longer 1292

delay duration after reset/observation of the path information observer for the lower 1293

velocity deBroglie waves, compared to waves propagating at the speed of light or 1294

being entangled. That is, timing of path information observer reset/observation for 1295

probability waves and deBroglie waves would affect delayed choice observations 1296

differently. 1297

2. Determine the transit time (duration) between a mass such as an electron source 1298

emission with velocity v: ∆tMass =
∆x
v to slits and independently from slits to final 1299

observation. Duration, measured by ∆tMass for each segment and total duration 1300

would indicate whether deBroglie waves are material subluminal waves or propagate 1301

as probabilistic luminal waves or a combination of both such as may occur for slower 1302

propagation from source to slits and luminal propagation from slits to final detector 1303

screen. 1304

The observed interference pattern in multi-slit systems will be different for each of the 1305

following different characterizations of deBroglie waves: 1306

1. EM waves equivalent to mass. 1307

2. Boltzmann state waves, i.e., interference due to phase differences between the number 1308

of Boltzmann states per increment (equivalent to Planck states per increment in EM 1309

waves). 1310

3. A function of EM wave equivalents for each Boltzmann state, i.e., each Boltzmann 1311

state generates a wave at the Boltzmann state frequency which interact. 1312

4.4.2. Experiment 2: DeBroglie wave affected by capacitance 1313

A double slit system with electron sources can be performed within a capacitor so the 1314

effect of external energy on the pattern at the detector can be determined. This experiment 1315

can also be performed with protons or neutrons so insights into possible relationships 1316

between internal atomic structures and deBroglie waves can be determined from the effect 1317

on the interference pattern. 1318

4.4.3. Gedanken Experiment 3: 1319

Since up quarks are theorized to be one Boltzmann state, there would be no internal 1320

mass structure for up quarks which would result in different patterns in interactions with 1321

slit systems than for masses with complex internal structures, either no interference or 1322

interference resulting from the Boltzmann frequency. No interference would imply that the 1323

deBroglie frequency is due to Boltzmann states interference. Interference would imply that 1324

the effect is due to the EM wave equivalent. 1325
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4.5. Analogy between Particle/Anti-Particle and Positive/Negative Planck States: 1326

The deBroglie frequency corresponding to an electron will be modeled using the wave 1327

model described previously, that is, as an initial emission of the positive half of the wave 1328

increasing the number of Boltzmann states into the environment, increasing the spacetime 1329

(energy) in the environment and decreasing the energy in the emitter. Anti-particles, the 1330

positron in this case, is modeled as having the opposite effect where the initial emission is of 1331

the negative half wave which decreases spacetime (energy) in the environment decreasing 1332

the number of Boltzmann states from the environment, that is, phase shifted by 180o from 1333

the electron wave. A hole model as the negative half wave can be thought of as a vacancy of 1334

the electron state which has the opposite charge of an electron identified as a positron [83]. 1335

Thus, the initial emission of a positive half of the deBroglie wave is modeled as the electron 1336

which “pushes” spacetime into the environment. The initial decrease of a negative half of 1337

the deBroglie wave is modeled as a positron where absorption precedes emission which 1338

“pulls” spacetime from the environment. The observed matter greater than anti-matter 1339

in the universe would then be attributed to the excess in emissions over absorptions, i.e., 1340

emission preceded absorption so the initial emission results in the dominance of matter. 1341

The mechanism by which mass is converted to energy during annihilation between 1342

particles and anti-particles is a result of superposition (same spacetime) in the same space 1343

of the electron (added to the environment) and 180o phase shifted electron, the positron 1344

(removed from the environment). Mass in space is transformed to environmental space- 1345

time. If spacetime and energy are the same, as theorized, then conservation of energy is 1346

equivalent to conservation of spacetime resulting in increased environmental spacetime 1347

when particle/anti-particle mass annihilate. The particle/anti-particle system are two equal 1348

magnitude positive mass systems in spacetime that each independently adhere to the Pauli 1349

Exclusion Principle, whereas the EM waves, generated spacetime through the annihilation 1350

of the combined particle/anti-particle pair, does not adhere to the Pauli Exclusion Principle 1351

demonstrating that the Pauli Exclusion Principle applies to what is in spacetime, not what 1352

happens to spacetime. 1353

This is also applied to EM waves where the positive half wave period increases 1354

the number of Planck states in the environment and is defined as positive Planck states, 1355

analogous to an electron mass with a “positive” effect in the environment preceding the 1356

“negative” environmental effect. The EM negative wave half period has the opposite effect; 1357

decreases the number of Planck states in the environment and is, thus, modeled as negative 1358

or anti-Planck states. 1359

4.6. Fermions and Bosons: 1360

4.6.1. Relationships between spin’s different repeating values for bosons and fermions and 1361

the Pauli Exclusion Principle: 1362

Fermions and bosons generate spacetime differently and, therefore, have different 1363

properties resulting in different observed energy probability distributions and different 1364

repetitive spin cycles. Boson integer spin values repeat every 360o where the proposed 1365

wave model incorporates a positive half wave which increases spacetime followed by 1366

a negative half wave cycle which decreases spacetime propagating in two dimensions 1367

(assumed here to be the xy plane). Planck states can only be indistinguishable (minimum 1368

spacetime increment) which can be in superposition (even between different waves) that 1369

generate simultaneous multiple time in approximately the same space, enabling multiple 1370

waves to generate denser spacetime. Since EM waves generate time, they can never have 1371

stationary states other than in the present. All the waves in the two dimensions can 1372

be superimposed in the z-plane so the two dimensional polarizer plane for the electric 1373

wave can be superimposed in the third dimension plane and likewise for the orthogonal 1374

two-dimensional (xz plane) magnetic wave superimposed in the y plane. The ability to 1375

superimpose propagating EM waves in the “unused” orthogonal electric and magnetic 1376

dimensions, per this model, is the basis of the inapplicability of the Pauli Exclusions 1377

Principle to bosons. The effect of maximum superposition is observed in lasers where 1378
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multiple, same number of indistinguishable Planck states per increment from multiple 1379

sources generate simultaneous same space at the same frequency, 0o phase difference 1380

between waves, increasing the magnitude of spacetime, energy (multiple simultaneous 1381

E/∆E) at absorption. 1382

Fermion half integer spin values repeat every 720o. Spin is essentially a wave property 1383

“... generated by a circular flow of charge in the wave field of the electron [84].” Spacetime 1384

is still modeled to increase in the positive half wave cycle and decrease in the negative half 1385

wave cycle but this occurs while the wave is rotating through the dimensions orthogonal to 1386

propagation as demonstrated by the Dirac Belt Trick [85]. This rotation has the additional 1387

effect that spacetime generation is simultaneous in all three spatial dimensions so there is no 1388

ability for superposition of waves as in bosons, i.e., all space is “occupied.” In propagating 1389

fermions, the projection of positive and negative propagating elements in the xy plane 1390

results in reciprocal inverse sinusoidal changes spacetime generation in the orthogonal xz 1391

and yz planes resulting in an asymmetric wavefunction. That is, there is a continuously 1392

changing phase of propagating elements between planes (xy with respect to xz and yz). 1393

Without the ability to superimpose waves, the Pauli Exclusion Principle must apply [86]. 1394

Spin in fermions is theorized to be a result of internal force changes in the three- 1395

dimensional distribution of internal components (time generation in each dimension). The 1396

continuously rotating sinusoidal changes in three dimensional space is observed as a spiral 1397

(relative phase changes as a spinor). Spinors are path dependent so are sensitive to how 1398

the gradual coordinated rotation occurs. Opposite quantum phase occurs every 360o for 1399

spin ½ spinor with ± sign, double value wavefunction (Ψ→ −Ψ). In contrast to fermions, 1400

the Pauli Exclusion Principle does not apply to states that generate constantly changing 1401

spacetime in two dimensions such as in bosons (symmetric wavefunction when +Ψ and 1402

−Ψ are the same states). The combined effect of Planck states (boson exchange between 1403

quarks) with Boltzmann states in the distribution of internal components of the spin of the 1404

subatomic particle repeat every 720o. That is, for a typical three-dimensional three quark 1405

system consisting of internal Boltzmann and Planck states, a unidirectional (clockwise or 1406

counter-clockwise) net effect of rotation would repeat every 720o, i.e., a 90o rotation will be 1407

rotated between two axis (180o total). 1408

Space boundaries are generated from multiple different particle properties that are 1409

different than the external space environment. Static relationships (discrete fundamental 1410

elements) are distinguishable spaces. Distinguishable Boltzmann states (fundamental mass 1411

increments), analogous to slits in double slit systems, necessarily generate different space so 1412

cannot be superimposed (same space at same time). Multiple binary indistinguishable Boltz- 1413

mann states are distinguishable between different distinguishable Boltzmann states. That 1414

is, Boltzmann indistinguishable states exist simultaneously but only as binary interactions 1415

between two distinguishable states, distinguished by different space, i.e., multiple binary 1416

indistinguishable interactions between different distinguishable Boltzmann states are all 1417

distinguishable (slit 1 binary relationships with slit 2 is distinguishable from slit 2 binary 1418

relationships with slit 3) so each non-observable, superposition (indistinguishable) binary 1419

relationship is a unique relationship between two different spaces (distinguishable states). 1420

Multiple spaces can generate simultaneous time for simultaneous changes in relationships, 1421

generating parallel time for different spaces. Without a change in relationships but with 1422

relationships existing, the present exists but additional time would not be generated. 1423

Bosons, unlike fermions, have few distinct properties and no static properties, i.e., 1424

limited number of different types of relationships with the environment. They are a result 1425

of the effect of one fundamental force, the EM force. EM waves consist of only one type of 1426

relationship that changes in Planck states increments. The generated spacetime of bosons 1427

have only two properties, two degrees of freedom. These are the number of Planck states in 1428

each wave increment (space as amplitude) and the changes in the number of Planck states 1429

per wave period (time as frequency), i.e., the number of Planck states per wave increment 1430

are necessarily constantly changing. Fermions, in contrast, incorporate all the fundamental 1431

forces and generate multiple different relationships such as mass, charge and spin. 1432
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4.7. Relationships between mass and energy: 1433

The change from static to dynamic relationships of mass with the environment gener- 1434

ates spacetime changes. Spacetime changes of a wave interacting with a stationary mass 1435

(bound) is transferring spacetime from the wave to the spacetime external to the mass of 1436

a fundamental particle (not capable of absorbing a boson) such as occurs with a change 1437

in the orbital of electron relative to the nucleus or absorption of the wave if the mass is 1438

not a fundamental particle (capable of absorbing wave). That is, emission/absorption of a 1439

wave is primarily converting mass (static relationships) to energy (changed relationships) 1440

or vice versa. This is demonstrated by a two-chamber system with a particle known to 1441

be in one chamber (mass as differences, a relationship) that, when randomized (changed 1442

relationship), results in energy [87]. The conversion of relationships (differences) in space 1443

(mass) to changes in relationships generating time (energy) is theorized to be the basis of 1444

E = mc2. 1445

4.7.1. Momentum: 1446

Conservation of momentum requires reciprocal (equal and opposite) binary changes 1447

in spacetime when a mass/energy is emitted from another mass. The following classical 1448

analysis is for emission of an EM wave (spacetime changes generating time) from a mass 1449

that has reciprocal (opposite) spacetime generation due to changes in the relationships 1450

between the mass and environment. The photon momentum (mass m equivalent) and 1451

particle (mass M) generate equal and opposite momentum. The spacetime change due to 1452

emission of a photon, the positive half EM wave, results in recoil spacetime change of mass 1453

M. An opposite spatial recoil will occur when the wave is absorbed but in this analysis 1454

only emission will be considered. The component in spacetime generation of the emitted 1455

EM wave at the speed of light, c, is reciprocated by changes in the relationships between 1456

the number of Boltzmann states and environment at velocity v. 1457

Assume an ideal case where there are no additional forces acting on the mass-photon 1458

system. Emission of only one photon from the particle mass to the environment will initially 1459

be considered. This photon is modeled as being emitted from the left surface parallel and 1460

opposite of a particle “box” moving only along the x-axis. Each photon emission reduces 1461

mass M. 1462

m - mass of photon 1463

υ - frequency of wave 1464

E - energy of photon 1465

M - mass of particle “box” 1466

v - velocity of particle “box” 1467

L – distance change in photon motion in ∆tm duration: L = c∆tm 1468

∆tm – externally observed photon duration for a change in distance of L. 1469

∆xM is the change in position of the mass M 1470

1471

For the photon: ∆tm = L
c . For this duration in mass M: ∆tm = ∆tM = L

c . The velocity 1472

of the particle in the time the photon changes space by length L is vM = ∆xM
∆tM

= ∆xM
L c. The 1473

momentum of the photon and particle are: 1474

pm =
Em

c
= m

L
∆tm

=
hυ

c
(61)

pM = Mv =M
∆xM
∆tm

= M
∆xM

L
c = m

L
∆tm

(62)

An interpretation of Em
c in this case is that it is the energy at which the momentum is 1475

minimized for a given frequency while maintaining the speed of light. 1476
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Each event, where photon energy is ejected from mass, M, results in the mass equiv- 1477

alent of the photon energy in M decreasing. Since photon mass equivalent is m = hυ
c2 , 1478

there are n photon energy mass equivalents (assuming all emitted photons are of the same 1479

frequency) in mass M so n = ∆Mc2

hυ . For n photon emissions, the change in the energy of 1480

mass M is nhυ = nmc2 = ∆Mc2 and for the case where the entire mass M is converted to 1481

energy, the final mass, M f = 0 so ∆M = M. Therefore, nh
λ = ∆Mc since n Em

c = n hυ
c = ∆Mc 1482

(so E = mc2). 1483

This is interpreted per this theory as a transfer of spacetime from mass M to the 1484

environment at ejection of an EM wave from mass M generating time. For one photon 1485

transfer at a given frequency (wavelength), n = 1: h
λ = ∆Mc. However, the emitted EM 1486

waves may consist of multiple frequencies so, in this case, ∑i
nih
λi

= Mc, where λi is the 1487

wavelength for frequency υi and ni is the number of waves emitted at this frequency. 1488

4.8. Entropy as reference frame for inertial systems: 1489

Per this theory, if there is no change in entropy (no time generation), external length 1490

change is ∆x = 0 and duration change is ∆t = ∞, so observed velocity is zero and momen- 1491

tum is zero. It is theorized here that zero entropy is a general reference for momentum. 1492

Inertial reference frames describe time and space with no acceleration, homogeneously, 1493

isotropically, that is, no external forces on the system. Inertial frames are, by definition, 1494

relative [1]. That is, motion is described relative to something. In this proposal, space is 1495

quantified by the number of relationships which relates space to an entropy. There is no 1496

inertial motion without a change in entropy. Momentum is thus related to entropy and 1497

entropy changes, that is, entropy is a reference frame that describes absolute space for no 1498

motion. In summary, per this theory, the momentum is the local number of relationships 1499

and relationship changes which is quantified by entropy and entropy changes relative to 1500

zero entropy and no change in entropy (as a baseline), not to external mass and space such 1501

as distant stars [88]. 1502

4.9. Observation: 1503

Without a transfer of information at a boundary, nothing can be said about what 1504

exists. An observation requires observer reset (generates the ability to observe). Based 1505

on spacetime being local, external systems are equivalent to outside the “universe” of the 1506

system. An external observer cannot determine the relationship or changes in relationships 1507

internal to the system without being part of or interacting (reset or observation) with 1508

the system. Local spacetime in the observer and in the system are changed at observer 1509

reset/observation. There is no change in space and time for the system without interaction 1510

at or through the external boundary. Hence, system spacetime does not exist for external 1511

observers, consistent with Wheeler-DeWitt predictions [89] . 1512

An observer is limited by the “type” and magnitude of increments (cell size) for 1513

observable relationships. Observer reset is a change that establishes the type of relationship 1514

the observer is capable of observing which continues to exist in the present until observer 1515

observation. The “type” (for a given property) is specific for what is assumed to exist so the 1516

observer can only observe that which it has previously been designed to observe, properties 1517

based on the available or predicted information of the assumed properties of that which is 1518

to be observed. These are based on some event, an interaction, which has previously been 1519

observed or can be predicted from other observations. That is, observers are not designed 1520

for what has not been previously observed or predicted. Local spacetime exists between 1521

the observer and observed only for the properties the observer is capable of observing, 1522

i.e., observer/observed interaction generates local spacetime. Relationships without an 1523

observer cannot be distinguished as having properties but those properties, per this theory, 1524

still exist, that is, time and space as local properties exist so properties are assumed to 1525

exist for the observed, even without observer reset/observation. The information that the 1526

observed exists is at least one bit of information which has physical consequences such as 1527

in entanglement where the one bit is that entanglement exists. 1528
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4.10. Effect of path information observer eliminating interference: 1529

Based on the model for internal characteristics of EM waves previously described [11], 1530

a path information observer reset in double slit systems transforms the effect of non-zero 1531

phase differences between the number of Planck states originating from different wave 1532

increments outputted from different slits to zero phase difference interaction between wave 1533

increments outputted from one slit [56]. Per this theory, the addition of a path information 1534

observer reduces the number of relationships, that is, decreased space, within the double 1535

slit system even as the conventional length between slits observed by external observers 1536

does not change. The distinguishable plus indistinguishable four possible relationships are 1537

reduced to two distinguishable possible relationships; one slit/environmental relationship 1538

observed at the final detector screen and one reciprocal not observed slit/environmental 1539

relationship. The increment with a larger number of Planck states per increment for 1540

the same frequency (more positive or less negative) at each instant decreases due to the 1541

decrease in system space to equal the fewer number of Planck states per increment at each 1542

instant in the corresponding binary increment resulting in zero phase difference between 1543

wave components. In this case, the number of Planck states per increment of the wave 1544

at each location and each time instant are equal. This difference in magnitude (number 1545

of Planck states) between the binary wave increments propagating from different slits is 1546

speculated to explain which slit-environmental (slit 1 or slit 2) interactions is observed 1547

in the distinguishable case (particle). The decreased system space decreases the positive 1548

half wave or increases the negative half wave number of Planck states which transfers 1549

the space to the fewer Planck states at each instant. For indistinguishable states that are 1550

transferred to the external environment, the observable effect of the change in energy in the 1551

external environment is approximately zero since there are a large number of states in the 1552

environment but there are few changes in the system so spacetime changes are observable 1553

[56]. 1554

The conventional consideration for a change from wave characteristics (interference) 1555

with path information observation to particle characteristics (no interference) will be rein- 1556

terpreted per this theory. Let p be the total momentum of the source particle such as an 1557

electron that is the same for multiple emitted source particles (needed to determine a pat- 1558

tern) and, as previously, d is the distance between slits, L is the minimal distance between 1559

the plane of slits and final detector screen where L≫ d, λ is the wavelength of the source 1560

and yP−P is the distance between intensity peaks. With observations, there is a difference 1561

between the momentum of the wave/particle interaction between slit 1 and slit 2 where 1562

there is a small deviation, ∂p, approximately perpendicular to the original momentum so 1563

the deflection angle is ≈ |∂p|
|p| . This is a consequence of the energy change which changes 1564

the particle’s momentum. Per convention, the energy change is due to the observation. 1565

Per this theory, the energy change is due to a transfer of energy from the system to the 1566

environment, changing the spacetime (energy) in the system and consequently changing 1567

the momentum of the particle. This has the same consequences as the energy change due 1568

to observation. The angle difference from the exits of slit 1 and slit 2 at a point y on the final 1569

detector screen due to this change of momentum is ≈ d
L so the small deflection caused by 1570

the change in momentum corresponds to |∂p|
|p| ≈

d
L . The distance between peaks on a final 1571

detector, yP−P, can be derived using: 1572

d
L
=

λ

yP−P
(63)

and since p = h
λP−P

: 1573

yP−P =
h

∂p
(64)

which reduces the interference pattern and, at the limit results in no interference pattern 1574

[90]. In summary, per this theory, the transfer of indistinguishable states to the environment 1575
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with observer reset decreases the space within the system affecting the momentum resulting 1576

in the overlapping of Planck states per increment. 1577

4.11. Zero-Point Energy/Virtual Particles: 1578

Relationships are necessary and sufficient for space to exist. If there is no space, devoid 1579

of relationships, nothing can exist, so there can be no possible change in relationships, no 1580

time generation. In this case, there is no space or time, and since there are no possible 1581

physical distinguishable states, it is not of the physical universe. Therefore, relationships 1582

and changes in relationships (spacetime/energy) is required for the post-big bang physical 1583

universe, and results in zero-point energy [91]. Even in a vacuum, random quantum fluctu- 1584

ations generate spacetime. Extracting this energy is essentially conversion of spacetime 1585

to different forms of energy/matter. As an example, virtual particles can be modeled as a 1586

transfer of spacetime from the environment to a local system, the virtual particle [92], which 1587

is based on increments of minimal change in spacetime, Planck states. Virtual particles are 1588

a local energy change (change in zero-point energy) quantified by the number of Planck 1589

state changes, E = hυ. 1590

4.12. Big Bang: 1591

Relationships and changes in relationships that generate spacetime is related to the 1592

initial generation of spacetime at the big bang. Pre-big bang is modeled as a large number 1593

of distinguishable states and indistinguishable states between these distinguishable states 1594

that are unobservable and not changing. There are no external observers and therefore, 1595

no observer resets/observations pre-big bang. Consistent with this theory, the big bang 1596

could be characterized as the beginning of at least one observable change in relationships, 1597

generating the first change in space (which could be a quantum fluctuation such as tun- 1598

neling), the first time generation resulting from a reset/observation which subsequently 1599

generates a direction(s) in space. This generated the first external boundary. That is, space 1600

exists pre-big bang with no time generation; space only exists in the present (past and 1601

future cannot be differentiated from the present). The big bang was the generation of past 1602

and future in addition to the present. This first change in relationships is equivalent to the 1603

addition (reset) of a path information observer in multi-slit systems. If there is a change 1604

in one state, equivalent to reset of an observer initiating the big bang, the internal state 1605

relationships of the system change, transferring energy to the environment, and, in this case, 1606

generating the universe. The pre-big bang and post-big bang are characterized by different 1607

system and environmental entropies, different number and ratio between distinguishable 1608

and indistinguishable states in the pre-big bang internal space, post-big bang internal space 1609

and the generated universe space. 1610

A very large number of distinguishable states pre-big bang with nothing external (no 1611

external observer so no boundary) and, therefore, a large number of possible indistinguish- 1612

able state changes (all possible reciprocal binary interactions between each combinations 1613

of two distinguishable states) would result in a very large entropy change with observer 1614

reset/observation. The entropy cannot be infinite since infinite entropy “cannot be localized 1615

in space.” It requires “arbitrary small amounts of probability... dispersed into an infinite 1616

number of states...” so finite distinguishable states must exist and change can only occur in 1617

increments of this minimal size change [93]. This cell size finite limitation (minimal amount 1618

of missing information in the physical universe due to not having information, the uncer- 1619

tainty limit) is a necessary restriction on infinite entropy and infinitely small entropy cell 1620

size so external relationships (space) and changes in relationships (time) exist. Therefore, 1621

uncertainty as the combined minimum time change for a given energy change (minimal 1622

∆t requirement for a change in energy, ∆E), is required for the universe to exist. That is, 1623

the finite uncertainty cell size is the minimal limit of change. It is the uncertainty that is 1624

generated shortly after the big bang (post-inflation) and is a limit on future relationships 1625

in the universe. The initial non-gravitational uncertainty generating the non-gravitational 1626

forces is a cause that is the basis of all subsequent changes, effect, which cannot be less 1627
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“uncertain” than the cause for non-gravitational changes in the post-inflationary phase of 1628

the universe. 1629

A modified black hole model will be used to analyze the big bang as an entropic 1630

process. This is modeled as a large static multi-slit system with no source emission so there 1631

are no interactions. However, similar to distinguishability in multi-slit systems (for equal- 1632

sized slits) where each slit is based on a unique interface (in space) with the environment, 1633

distinguishability in black holes is also generated by the unique location of each elemental 1634

surface. The origin of the big bang in this model does not begin with a singularity since 1635

multiple distinguishable states exist pre-big bang. However, unlike black holes, where there 1636

are environmental observers for each distinguishable state, since there is no environment 1637

per this pre-big bang black hole model, each 2-D distinguishable element is in (binary) 1638

superposition with every other 2− D element. There are relationships between the black 1639

hole and the internal surface but no external interactions. 1640

The total number of states for N distinguishable surface elements with no external 1641

observer is N2. Per this theory, for one observer reset observing one state of the black hole, 1642

all binary indistinguishable interactions between the observed state ((N − R)(N − R− 1) 1643

where R = 1) and all other states of the black hole would be externally transferred. That 1644

is, with one observer reset/observation, a large amount of energy would be released for 1645

large N. This transfer would simultaneously and spherically generate the external universe 1646

resulting in an expanding universe. Spacetime would be generated where it does not 1647

exist (or adding spacetime to any existing environment after the big bang). The number 1648

of distinguishable states continue to exist as do slits with transfer of indistinguishable 1649

states at observer reset/observation. Continuously adding observer reset/observation 1650

where R = 2...N results in (N − R)(N − R − 1) indistinguishable elements transferred 1651

externally and spherically up to (N − 1) observers where all indistinguishable information 1652

would have been transferred and all information in the system is distinguishable, i.e., a 1653

conventional black hole. That is, creation would be continuous until only N distinguishable 1654

states remain. As the number of indistinguishable states in the system decreases, there is a 1655

continuous decrease in the effect of each additional observer reset/observation resulting 1656

in a continuously decreasing generated spacetime (as more information is added, missing 1657

information decreases, less indistinguishable states) so subsequent spacetime generation 1658

from the initial black hole continuously decreases. 1659

The first force carrier generation (change in number of states) at the big bang is 1660

assumed to be a wave in less than (gravitational wave) or equal to Planck state increments. 1661

The number of indistinguishable states emitted at the big bang is theorized to be spherical 1662

radiation in increments related to a value of uncertainty (and may be different than that 1663

based on the current Planck’s constant value) at initiation of the big bang which may change 1664

through the inflationary phase of the universe’s expansion as discussed herein to the current 1665

uncertainty value. That is, there is a different uncertainty relationship (different limit to 1666

gravitational energy/time relationships) for gravitational waves at the initial emission at 1667

the big bang. As previously demonstrated, the value of uncertainty is related to the speed 1668

of light [11] so if the uncertainty limit (Planck states) changes (decrease), the speed of light 1669

would also change (increase) [11]. See “Expansion of the Universe: Inflationary Phase” 1670

below. 1671

Based on emission of indistinguishable states with observer reset, per this theory, or 1672

observation, per convention, three models can be speculated to result in current obser- 1673

vations of the universe’s expansion. The first model is where a large energy is radiated 1674

external to the black hole, generating the universe external to the black hole. The second 1675

model is where a large amount of energy is radiated internal to the black hole, generating 1676

the universe internal to the black hole. A third possible model is a combination of both, 1677

where changes are radiated externally and internally from the surface of the black hole. 1678

In the first case where energy is released external to the black hole as described above, 1679

the universe would appear to be expanding from the black hole’s initial state resulting in 1680

the observed redshift. In the second case, where energy is released internally to the black 1681



Version February 16, 2025 submitted to Journal Not Specified 39 of 62

hole, as energy concentrates to the center, the observation of the changes in energy at the 1682

periphery, approaching the Schwarzschild radius, decreases. Thus, for observations of 1683

conditions of previous states, the decrease in density toward the Schwarzschild radius of 1684

the black hole would appear as the universe expanding. In the third case, if the emission 1685

were bidirectional, the number of indistinguishable states emitted bidirectionally from the 1686

Schwarzschild sphere would be approximately equal at the Schwarzschild sphere, no ob- 1687

servable change at the boundary, and appear transparent to observers, that is, a continuous 1688

processes. The signal from any point in the universe would be observed as though the 1689

frequency is continuously red shifted. There are certainly difficulties with this speculation, 1690

but these are possibilities to consider in future work. 1691

4.13. Expansion of Universe: 1692

4.13.1. Inflationary Phase: 1693

A non-linear spacetime expansion in the early universe may explain the “inflationary 1694

phase” of the early universe. This can be attributed to non-linear, positive feedback between 1695

relationships and changes in relationships, spacetime generation, which then affects the 1696

externally observed spacetime generation. Variations in space per time generation would 1697

generate different densities of space. The previously theorized smaller minimum increment 1698

of spacetime generation (lower Planck state value) would result in a greater number of 1699

changes in generated space compared to post-inflation, i.e., speed of light as the maximum 1700

spacetime generation would be greater during the inflationary phase. That is, for ∆E∆t < h 1701

there would be more space generation per time generation for the comparable current 1702

duration and the externally observed speed of light would be greater than that of the 1703

current speed of light and appear as inflationary spacetime [56]. Planck’s constant during 1704

the inflationary period would then progressively increase to the current value at the end of 1705

the inflationary period. 1706

An inflationary phase model would require determining this non-linear entropy 1707

change (spacetime change) and relating this to subsequent changes in feedback gain which 1708

would be observed as a change in space and time generation. The ratio of relationships 1709

(space) and relationship changes (time) in the initial universe post-big bang compared to 1710

the magnitude of space and time much later would be different since statistical averages of 1711

background spacetime would be different resulting in differing observations of the same 1712

event. 1713

Current mass distribution in the universe may be due to small differences in local 1714

feedback gain post-big bang, i.e., a decrease in relative expansion would result in a “kernel” 1715

to which other matter gravitates. In the later stages of the universe, conventional spacetime 1716

evolution becomes linearly related as a statistical average (background spacetime) and/or 1717

the effect of feedback is minimal (not observable with the precision of current instruments). 1718

The inflationary phase of the universe (positive feedback) may still be occurring at the 1719

extremes or different areas of the universe. That is, the current universe expansion may 1720

not only be due to the initial or local change in Planck’s constant but also a combination of 1721

multiple feedback loops at different gains in different regions. The statistical average of a 1722

large number of changes generating what appears as background spacetime to external 1723

observers may be the same throughout the universe or is “relatively” local, over different 1724

large, although currently undefined, generated local spaces in the universe. Local expan- 1725

sion and compression (crunch) could exist simultaneously in different local spacetimes, 1726

analogous to different gravitational wave internal contraction and orthogonal external 1727

expansion but on a large scale [94]. 1728

In analogy to the theorized gravitational waves phase transition generating Planck 1729

states at a certain level of the universe’s expansion, EM wave transition generate mass 1730

(Boltzmann states) states at a different level of the universe’s expansion [95–98]. Since not 1731

all gravity or EM waves would phase transition or transitions are bidirectional, gravity and 1732

EM waves would continue to exist simultaneously after the phase transition. It would be 1733

interesting to determine if concentrated or compressed gravitational waves, as in the initial 1734
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radiation after the big bang, can generate EM waves which would relate gravity to other 1735

fundamental forces, that is, can gravitational waves generate virtual or real photons. 1736

Local time is theorized to be a function of temperature due to the temperature effect 1737

on changes in entropy during the inflationary phase of the universe. After the inflationary 1738

period, when the current constants are stabilized, the time-temperature relationship can be 1739

determined from the current value of Planck’s and Boltzmann’s constant. (See “Boltzmann 1740

Time – Approximate Instantaneous Time Change.”) The temperature has been theorized 1741

to drop from 1027K to 1022K during the supercooled expansion of the universe [99]. The 1742

final time for the inflationary phase at T = 1022K, using the previous formula relating 1743

Planck states and Boltzmann states, is ∆t = .48×10−10

1022 ≈ ×10−32sec. This is consistent with 1744

the theorized 10−32 to 10−33sec end of the inflationary period [100]. The similarity to the 1745

assumed post-inflationary time indicates that the constants had been established by the end 1746

of the inflationary phase. Immediately after the big bang and during the inflationary period, 1747

these relationships would be unknown. Based on this approach, since the temperature 1748

is estimated at 1027K at initiation of the inflationary period, ∆t ≈ 4.8× 10−36sec which 1749

is similar to the current estimated beginning of the inflationary period at 10−36sec [101]. 1750

The difference can be attributed to changes in the ratio between Planck and Boltzmann 1751

constants during the inflationary phase and other factors such as the gravitational effect or 1752

they are the same and the approximations for duration and temperature may be different 1753

than current estimates. 1754

To compare the energy/temperature relationship near the big bang and currently, 1755

let ∆EBB = kBTBBlog2WBB be the energy change at or near the big bang (BB) (when 1756

statistically significant number of relationships exist) for WBB multiplicity at temperature 1757

TBB. If the same energy change would occur in the current universe (Now), ∆ENow = 1758

∆EBB = kBTNowlog2WNow for WNow at temperature TNow so TBBlog2WBB = TNowlog2WNow, 1759

TBB
TNow

=
log2WNow
log2WBB

. As the temperature (TNow) decreases as the universe expands, WNow 1760

would increase (for a constant initial TBB and WBB), increasing space, possibly resulting in 1761

an expanding universe at a lower temperature. 1762

Up quark: The observed initial high energy wave frequency decrease to the Boltzmann 1763

frequency would generate the initial minimal increment of mass, considered here to be the 1764

up quark at EUp = (2.3MeV)J, with energy mass equivalent [102,103]: EUp = 3.7× 10−13J. 1765

After the quark-gluon plasma epoch, the temperature of the universe during the 1766

generation of hadrons that separate the up quark mass from the gluon energy (confinement 1767

period) is within a range that incorporates T ≈ 1MeV (or approximately 1010K) [104–106]. 1768

The energy of one Boltzmann state (n = 1) at this temperature is: 1769

EBoltzmann = kBT ≈ ×10−13 J (65)

Thus, the energy for one up quark and one Boltzmann mass state increment (the 1770

theorized minimal mass state) are approximately the same energy (mass) at the initial 1771

temperature of the up-quark generation when independent of gluon energy. This is a 1772

further indication that Boltzmann states are the minimal incremental mass state. Heavier 1773

quarks would be generated at different temperatures. 1774

Neutrino generation: An analysis based on the minimal mass state (Boltzmann state) 1775

for a relativistic neutrino will be considered. The decoupling temperature of a neutrino 1776

is TNeutrino = 1010K [107]. One Boltzmann state mass at this temperature is: mBoltzmann = 1777

kBT
c2 = 1.53× 10−30Kg. The approximate energy of a neutrino is maximally limited at 1778

ENeutrino= .8eV [108,109] with a mass equivalent of: mNeutrino =
(.8eV)

(
1.602×10−19 J

eV

)
9×1016 = 1779

1.42× 10−36Kg. Based on this neutrino mass, one Boltzmann state rest mass is larger than 1780

one neutrino rest mass but neutrinos are relativistic particles so, to determine the speed 1781

of a neutrino at its origin, that is, determination of the velocity at which the neutrino 1782

mass equals one Boltzmann mass equivalent requires: 1.53× 10−30 = 1.42×10−36√
1−( v

c )
2 or v = 1783
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(.99999999999957)c. The deviation from the speed of light is 4.3× 10−13c. The upper limit 1784

for deviation of the speed of the neutrino from the speed of light of approximately 10−9
1785

[110] is within that deviation. Since this mass is the upper limit of neutrino mass, a lower 1786

mass would result in a lower velocity but still within the proposed deviation since the 1787

difference is approximately three orders of magnitude less than this upper limit. That is, 1788

the lightest neutrino mass at the decoupling temperature could be approximately three 1789

orders of magnitude lower and still be within the proposed deviation of the speed of light. 1790

Since mass is limited by Boltzmann states, per this theory, the neutrino, if it is characterized 1791

as a fundamental mass of one Boltzmann mass at the decoupling temperature must have a 1792

velocity close to the speed of light. An up quark can be modeled as a stationary Boltzmann 1793

mass and a neutrino can be modeled as a mass state that necessarily has a relativistic 1794

velocity. A neutrino is here speculated to be a hybrid particle-wave, referred to as a mave 1795

since it is a particle (relationships generating space) that necessarily generates time (changes 1796

in relationships) to maintain fundamental (Boltzmann) mass. 1797

4.14. Dimensionless physics: 1798

Per this theory, space and time and matter and energy that depend on space and time 1799

would be replaced by scalars, the number and changes in the number of discrete Planck 1800

states and how they change. Currently physics, based on dimensioned quantities, relies 1801

on ratios that depend on arbitrary defined standards used to determine the magnitude of 1802

parameters such as a second or meter as previously discussed. Per this theory, external 1803

observation of duration, length, mass and energy would depend on the number and 1804

changes in the number of Planck states as the physical fundamental minimal cell size (limit 1805

on minimal spacetime generation) that exist in the physical universe. Time and space 1806

are vestiges from the big bang where Planck states define minimal change (spacetime 1807

generation) and the up quark at equivalent mass of one Boltzmann energy (which depends 1808

on Planck states) is the minimal mass. Planck states and Boltzmann states are, therefore, 1809

physical constants of the universe. Other natural constants represent limits that can be 1810

expressed as functions of Planck and Boltzmann states. The speed of light is the limit on 1811

maximum spacetime generation, a limit on Planck state’s ability to change, and Boltzmann 1812

states are a limit on matter generation (increments of bits). 1813

4.15. Four Forces: 1814

The proposed mechanism for space and time can be applied to model the four forces 1815

as different environmental relationships and interactions, a different spacetime genera- 1816

tion. That is, transformations (different set of space and time relationships) of the initial 1817

relationships and relationship changes generate the four forces [111]. Thus, this theory 1818

can be related to the standard model. Additional fundamental spacetime forces may exist. 1819

These include those that currently may exist but have not been detected [112], additional 1820

phase transformation that may arise spontaneously as the universe continues to mature or 1821

generated artificially in the lab. 1822

Consideration here is only for the ideal case; no change in Planck’s constant or Boltz- 1823

mann’s constant and one Boltzmann state change per one information change. Each current 1824

force carrier is modeled as a result of interaction between properties within masses (strong 1825

and weak forces), between masses with charge (EM) or generated by changes of forces 1826

(gravity). This theory proposes that each fundamental force is dependent on specific proper- 1827

ties such as charge, color and flavor and each of these properties generate independent local 1828

property spacetime. Although there are no externally observable changes in fundamental 1829

particles with respect to each fundamental force, local internal spacetime changes such as 1830

changes in the distribution of mass or charge or spin within the particle still occur generat- 1831

ing inherent time. Charge interactions mediated through photons generate spacetime of 1832

the EM force. Color interactions of quarks mediated through gluons generate spacetime 1833

of the strong force. Flavor interactions of quarks mediated through flavor force carriers 1834

generate spacetime of the weak force. These properties depend on mass existing. Energy 1835
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change and spacetime change are equivalent per this theory so each fundamental force 1836

change generates gravitational waves (spacetime change). Effects of spacetime generation 1837

by different fields and their interactions (events) such as the effect of an electromagnetic 1838

field on a charged mass (particles) are observable. This is characterized as the interaction 1839

between “incomparable” spacetimes. 1840

4.15.1. Electromagnetic Force: 1841

An electron is modeled as a fundamental particle existing within a boundary separated 1842

by “incomparable” states of the environment. In this case, photons are not emitted or 1843

absorbed by the electron. The change in the orbital size of an electron in an atom is due 1844

to spacetime change between the electron orbital and nucleus and is proportional to the 1845

absorbed or emitted photon frequency as is currently observed. Current observations of 1846

electron orbital behavior cannot differentiate “absorption” or “emission” of a photon from 1847

an electron changing spacetime in the environment of the electron. Future experiments 1848

can be designed to differentiate these differences. See below. If the particles (electron) is 1849

not fundamental, the EM force carrier is between fundamental components within the 1850

particle. However, since mass of fundamental particles such as electrons is considered to 1851

be invariant, electrons are theorized to be fundamental particles. 1852

Stability of interaction of EM force between the positive charges of a nucleus and 1853

negative electron charge is modeled as dynamic multiple, three-dimensional, spacetime 1854

generation in equilibrium with spacetime elimination for a given number of relationships 1855

in any given orbital [11]. The result is a three-dimensional interference pattern at the 1856

spacetime orbital of the electron resulting in the observed probability distribution of 1857

an electron position (a three-dimensional analogue equivalent to the two-dimensional 1858

probability distribution of an interference pattern in observations on a final detector screen 1859

in multi-slit systems) [56]. When spacetime is changed between the electron and nucleus, a 1860

new equilibrium is established. The average distribution pattern in spacetime between the 1861

nucleus and electron in the ground state orbital is constant and spherical (Bohr’s orbital for 1862

hydrogen atom) [113]. 1863

Experiment: Determining mass of electrons in different orbitals would determine 1864

whether electrons are fundamental. If mass does not change, as is expected, electrons may 1865

be fundamental and indicate that the spacetime of the environment of the electron changed. 1866

However, a change in electron mass would indicate electrons are not fundamental. This 1867

would imply rest mass can change resulting in an electron orbital change. Most current 1868

models consider rest mass of fundamental particles are invariant which would imply that 1869

electrons are mass fundamental [114,115] and, therefore, change would occur in spacetime 1870

external to the electron. 1871

For two unlike charged fundamental particles (or field interactions) the potential en- 1872

ergy increases as distance (conventional observed length) progressively decreases between 1873

them. This is modeled as an exchange of symmetric virtual EM fields (virtual photons) 1874

where the energy of the interaction is proportional to the combined magnitude of charges. 1875

For simplicity, this model will consider only virtual photons with the same frequency 1876

from two paths, one from each particle to the other (at a given length between particles). 1877

Per this theory, the number of Planck states in the negative half wave cycle (equivalent 1878

to absorption), increases faster (asymmetrically) than the number of Planck states in the 1879

positive half wave cycle increase (equivalent to emission) as space between charges con- 1880

tinuously decreases. Per the previous discussion, there are more anti-Panck states than 1881

positive Planck states. The increase in the number of Planck states in the negative half wave 1882

is compensated by an increase in the number of positive Planck states in the next wave 1883

resulting in progressively increasing EM wave frequency/energy as distance decreases. 1884

Per this theory, environmental spacetime between unlike charges decrease as more Planck 1885

states are transferred from the environment to the virtual photons between the charges 1886

at the higher frequency (or to more waves or both). The net number of Planck states in 1887

the environment plus waves between the charged particles is constant in this model. That 1888
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is, given a constant spacetime between the environment and virtual EM waves between 1889

unlike charges, as the environmental spacetime decreases, the wave spacetime (energy) 1890

increases. The opposite occurs with increased transfer of Planck states from virtual photon 1891

fields to the environment between like charges, decreased frequency of waves between 1892

charges (decreased virtual photon energy) resulting in increased space generated between 1893

like charged particles. 1894

The number of Boltzmann state increments (space) at each instant (present) between 1895

charges can be determined for a given temperature, T. For N Boltzmann states between 1896

two electrons separated by d = 3 Angstroms in a vacuum N is determined from: 1897

E = kCoulomb
Q1Q2

d = 7.67× 10−19 J, kCoulomb = 9× 109 Kgm−m3

sec4Area2 . 1898

For E = NkBT : 7.67× 10−19 J = N(1.38× 10−23)T so N = 5.6×104

T . 1899

As length increases the number of Boltzmann states generating space decreases and 1900

energy decreases. That is, the number of linear relationships between charged particles 1901

decreases so local space decreases even as conventional measure of length increases. That 1902

is, the fewer number of relationships results in a decrease in the number of relationship 1903

changes between the charges which is associated with a lower EM virtual photon frequency 1904

between charges. 1905

4.15.2. Strong Force: 1906

Per this theory, bidirectional transfer of gluons generates color spacetime in subnu- 1907

clear particles while striving to maintain quark color neutrality without net color transfer 1908

between the environment outside of the subnuclear particles. In analogy to fundamental 1909

particles such as an electron previously discussed, if quarks emit and absorb color, they 1910

may not be fundamental with respect to color. If the change is in the environment of the 1911

quark, and not internal to the quark, than they are fundamental particles with respect to 1912

color. The domain of each color is all possible binary color interactions (superposition) 1913

mediated by gluons until observed (absorbed) in two or three quark systems in mesons or 1914

baryons, respectively. 1915

Per this theory, gluon exchanges require dynamic, multiple, bidirectional continuous 1916

processes of color transfer between quarks to maintain quark color neutrality. Each set of 1917

binary relationships is a configuration in the subatomic particle that has a given probability 1918

of existing in the present (color space) and has a probability of changing to another config- 1919

uration (color time). Gluon emission and absorption can keep the same colors or change 1920

the color of the emitting quark and the color of the absorbing quark. As an example, a 1921

Blue-Anti-Red gluon can be emitted changing color in the emitting and absorbing quarks. 1922

To maintain color neutrality, either other color sources must be added or removed from 1923

the environment or there is a continuous exchange of color between quarks. However, in 1924

this model, quarks outside the subatomic particle system do not affect the system’s internal 1925

states. 1926

Superposition between gluon color interaction for baryons [92] can be modeled as a 1927

two-dimensional three gluon color system within each of the three quarks [116]. One change 1928

results in a cascade of multiple changes which is required to maintain color neutrality. That 1929

is, the two-dimensional model (illustrated below) requires constant gluon exchange (color 1930

time generation) to maintain color neutrality at each node (quark). 1931

The color distinguishable states are Red (R), Green (G), Blue (B). Binary interaction 1932

between the same colors within one quark is analogous to the distinguishable case in 1933

multi-slit systems. The binary distinguishable states for each color (designated by “c”) 1934

relationship for c1 and c2 are c1↔c1 and c2↔c2. Within each quark (intraquark), there 1935

are 3 distinguishable color states, 0o phase difference. For the right quark, these are 1936

Rr ↔ Rr, Gr ↔ Gr, Br ↔ Br (9 distinguishable states for the 3 quarks). There are also 1937

indistinguishable states between different colors in each quark. Per this theory, pre-emission 1938

of a gluon, all binary possible color relationships between the same color or unlike colors 1939

between different quarks are separate indistinguishable cases (superposition). That is, 1940
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Figure 3. Two-dimensional representation of gluon color exchange in a three-quark system. The
nodes represent quarks (labeled as left, right, and bottom) with their respective color states (R=Red,
G=Green, B=Blue). Bidirectional arrows (1,2,3) indicate continuous gluon exchange required for
color neutrality maintenance. Each quark maintains a three-color composition (RGB) with specific
positional subscripts (l,r,b) denoting spatial configuration within the baryon structure.

superposition is modeled to exist between 1) each possible interaction between unlike 1941

R, B, G colors within each quark (intraquark) and 2) interaction between each R, B, G 1942

color of the other quarks in its domain (interquark) within one subnuclear particle. In 1943

analogy to double slit systems, there are four states for each binary color interaction. The 1944

binary indistinguishable superposition relationships for two colors are between c1 and 1945

c2 and simultaneous relationships between c2 and c1: c1→c2, c2→c1. For example, Blue 1946

left is one distinguishable relationship (Bl ⇄ Bl), Red Right is another distinguishable 1947

relationship (Rr⇄Rr) and the superposition (indistinguishable) relationships are (Bl → 1948

anti-Rr, anti-Rr → Bl). This results in substitution of B for R and R for B in two different 1949

quarks which would violate color neutrality so additional quark color changes in the l and 1950

r quarks are required to maintain color neutrality, a cascade of changes. 1951

Different color increments may exist for exchange between different colors in gluons 1952

from different quarks affecting the observed gluon probability distribution so the proba- 1953

bility of observing color-anti-color observations may vary for each combination similar to 1954

the change in observed probability for unequal-sized slits in double slit system. Also, the 1955

energy increment of color observer reset/observation may be different than Boltzmann or 1956

Planck state increments, that is, a different incremental color energy relationship (different 1957

cell size). 1958

There are N = 9 colors in three quarks, 9 distinguishable states and N(N − 1) = 72 1959

indistinguishable states (N2 = 81 total states). Unlike EM force where one charge exists 1960

between the same type particles so only one type of energy exchange (charge) is required, 1961

there are three colors for the strong force, charge equivalents, between three different quarks, 1962

electron equivalent, resulting in the 72 types of indistinguishable energy exchanges between 1963

unlike colors in the same quark or between unlike quarks, i.e., 81 different possible energy 1964

exchanges per baryon. Since exchange of color may occur between different subnuclear 1965

particles (protons and neutrons), and multiple sub-exchange loops between color exchanges, 1966

the number of states may be much larger. The larger number of possible indistinguishable 1967

states than distinguishable states result in a greater energy contribution to the subnuclear 1968

particle from the emitted indistinguishable gluon states than the energy in distinguishable 1969

quark states. That is, gluon exchange between quarks contribute a greater percentage of the 1970

energy to a subnuclear particle than quark energy, as has been theorized [117]. The rapid, 1971

constantly changing gluon exchange occurs in the short distances between quarks [118] 1972

so there is a large magnitude time and, therefore, spacetime generation, a large energy, 1973

observed as a strong force (dense gluon spacetime between quarks). Quarks are very 1974

closely spaced so a high frequency wave would be required to interact with both quarks, 1975

analogous to an external wave interacting between two closely spaced slits separated by 1976

approximately the wavelength of the source in double slit systems. 1977

Superposition states in mesons are different than superposition states in baryons. Color 1978

and anti-same color states exist to maintain color neutrality [119]. In this model, meson’s 1979

superposition (indistinguishable) states are between two distinguishable states of each 1980

color: Rr ↔anti-Rr, Gr ↔anti-Gr, Br ↔anti-Br. There are, for example, no Red-anti-Blue 1981
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states. Information that only two states exist with one relationship is available in mesons, 1982

similar to entangled spin states, so only one bit of additional information between quarks 1983

is required to have complete information between the two states. The one relationship is 1984

the color of the quark (R,G,B) existing simultaneously with its anti-same color (analogous 1985

to spin+ and spin-). The additional bit occurs at emission (equivalent to observing either of 1986

the possible entangled spin states), so information is complete (two bits of information for 1987

two possibilities). However, unlike entanglement where, after observation, entanglement 1988

is not reestablished between the two previously entangled states, color superposition is 1989

reestablished after color observations (after gluon transfer) since the quarks continues to 1990

have the ability to interact with each other. 1991

4.15.3. Weak Force 1992

Flavor (6 flavors) are also associated with quarks. Weak force carrier’s interaction is 1993

mediated by Zo and W± particles, generating a “flavor spacetime.” The change due to 1994

flavor in quarks is unique since this is the only force that changes the identity of a particle 1995

resulting in a transfer (time) of energy (mass) to the external environment in radioactive 1996

decay. There are, then, spacetime change in the particle and the external environment [120]. 1997

For example, at radiation decay, the emitted indistinguishable states generate internal 1998

changes (neutron is transformed to a proton in beta decay) and external spacetime (electron 1999

and electron neutrino emission in beta decay). 2000

To emit a relatively massive Zo/W± particle equivalent would require relationship 2001

changes. The number of Boltzmann states in a W± force carrier, mW , for EW = 80Gev 2002

[121,122], can be determined from: EW = 80Gev = NWkBT = NW

(
1.38× 10−23 J

K

)
T, 2003

NW ≈ ×1015
(

1
T

)
, which would indicate the weak force is a function of internal tem- 2004

perature. See previous discussion of internal subatomic temperature. The weak force is 2005

theorized to separate from electroweak epoch at a temperature of ≈ ×1015K [123]. Since 2006

NW ≈ ×1015
(

1
T

)
, this would occur when nW ≈ 1, that is, the initial strong force carrier 2007

particle is an individual Boltzmann state. The Zo boson mass is 90Gev, similar to W± 2008

force carriers. At the epoch, the difference could be related to different internal temper- 2009

ature at separation from the electroweak epoch for W± and Zo particles. Both particles 2010

could then be considered to initially be fundamental particles, consisting of one Boltzmann 2011

fundamental mass. 2012

After the electroweak epoch, as temperature decreased, the weak force bosons con- 2013

sisted of multiple Boltzmann state. Therefore, the mechanism for radioactive decay [56] 2014

involve multiple Boltzmann simultaneous state changes in the internal subatomic environ- 2015

ment transferring energy to the local environment. Each of the six flavors are associated 2016

with quarks and, in this theory, are distinguishable states with superposition, indistinguish- 2017

able states between them, i.e., superposition exists between sets of flavors. When a W− 2018

boson is emitted or a W+ boson is absorbed, a d (down), s (strange) or b (bottom) quark sys- 2019

tems with − 1
3 charge is converted to a quark system with u (up), c (charm) or t (top) quarks 2020

with + 2
3 charge. There is a degeneracy in this reaction so superposition exists between 2021

these two quark systems. For example, any of the up system quarks can be become a down 2022

quark system with W+ bosons emission or W− boson absorption; taking only d flavor, 2023

the superposition states are d↔u, d↔c and d↔t. This can be modeled as three double 2024

slit systems between unequal size slits (that reflect different probabilities of interaction). 2025

There is a theorized change in the ratio between distinguishable and indistinguishable 2026

states where the energy of multiple indistinguishable binary states emitted to the internal 2027

subatomic particle environment is equal to or greater than the energy equivalent of the 2028

emitted Zo or W± force carrier particles. 2029

As is the case for the strong force, weak force incremental change may be different 2030

than Planck or Boltzmann state increments. However, based on the previous discussion 2031

of the similarity between Boltzmann states and, considering only the mass changes at the 2032

electroweak epic mass changes, Boltzmann states is theorized to be the increment cell size. 2033
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Also, different “flavor” interactions result in different probabilities of change. The weak 2034

force distance is shorter than even the strong force [124,125] so there would be more time 2035

generation than in the strong force resulting in even a greater flavor spacetime energy. 2036

4.15.4. Gravity: 2037

Unlike any of the other force carriers that can be modeled to exist independent of the 2038

other carriers, gravity interacts with these other force carriers which requires a different 2039

model for the mechanism of gravity, i.e., gravity cannot be modeled independently in 2040

contrast to the other fundamental forces post-epoch separation. Gravity is related to each 2041

of the other forces since all the other forces depend on mass, the basis of gravity. Any 2042

change in the magnitude or distribution of the other force carriers is theorized to generate 2043

gravitational waves [60]. Radiated gravitational energy is a small fraction of the energy 2044

change of the force generating the gravity and the changes are bilateral so the net change is 2045

even smaller. That is, all force carriers generate their own spacetime and simultaneously 2046

generate gravitational spacetime as they change so gravity waves are generated by changes 2047

in atomic and even subatomic particle’s local energy changes. Subatomic particles, even 2048

though they are small, are speculated to have high mass density and curve local spacetime 2049

at a microlevel at their boundary [126] resulting in a local gravitational effect and changes 2050

in the gravitational effect commensurate with changes in the subatomic particle. A static or 2051

symmetric system such as a non-changing mass, including non-changing internal states 2052

(no non-gravitational force carrier changes so is not a physical system), will not generate 2053

gravitational waves. The “value” change in the force carriers due to a redistribution of 2054

mass/energy (spacetime change) whether at the subatomic or large astronomical events 2055

will alter gravitational spacetime. The information of the ”value” change, an event, will be 2056

communicated (transferred) at the speed of light [P-1] and affect the spacetime of distant 2057

masses. Since gravity, per this formulation, is a result of energy changes, it is related to time 2058

generation and, therefore, gravity relates space (mass) to time, generating gravitational 2059

background spacetime. 2060

Unlike bilateral interactions between the environment and states in other forces, such 2061

as positive and negative charges, gravitational waves are the environment, generated by 2062

all the other force carriers. Since gravity does not exist independent of other force carriers, 2063

they cannot be modeled like other force carriers. This may be the origin of the theorized 2064

graviton spin 2 gravity boson force carriers which incorporates the effect of simultaneous 2065

spin of the other force carriers (so is a multiple of each of the other spins) and requires a 2066

model different than EM waves [73,127]. Since spin 2 particles repeat every 180o, not 360o
2067

for bosons or 720o for fermions, a graviton spin can be considered a subset of the other spins. 2068

They continuously and unidirectionally change environmental spacetime as they propagate, 2069

not cyclically changing spacetime as in a complete EM wave or fermion period (positive 2070

and negative partial waves), i.e., gravitons return to their initial state every 180o. Therefore, 2071

unlike EM or deBroglie waves, there is no positive and negative wave superposition so 2072

the phase differences between waves cannot interfere or cancel. A model of spin 2 waves 2073

is a wave that rotates 180o and then reverses so the next wave is the mirror image of the 2074

previous wave. Graviton generation can be modeled as a spacetime emission radiated to the 2075

environment from discrete changes in atomic and subatomic particles that then propagates. 2076

Therefore, although the energy of a graviton is small [127,128], the accumulated energy for 2077

the constantly increasing positive graviton spacetime effect is considerable. 2078

Even though gravitational energy increases environmental spacetime, it is attractive 2079

between two masses, that is, decreasing length between the masses. The attraction of two 2080

masses per this theory is modeled as a distortion of spacetime between the two masses 2081

that manifest as squeezed spacetime between masses which is offset by a perpendicular 2082

expansion of spacetime so spacetime is conserved [129]. Greater density of relationships 2083

(increased number of states) increases spacetime density within a mass, a larger number 2084

of “comparable” states that can interact with “incomparable” environmental space at the 2085

generated boundary (limited at the black hole density for a given mass). As the density 2086
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of the four forces increases (increased storage of states) within a boundary, the number of 2087

changes increase which is radiated symmetrically and observed externally as a continu- 2088

ously changing distortion (acceleration) of spacetime, greater conventional dimensional 2089

changes per bit space change as the “value” of the change radiates. That is, the effect on 2090

external interactions changes omni-directionally as conventional dimensions increase from 2091

the origin of the change described by General Relativity. There are changes in space expan- 2092

sion and simultaneous changes in cell size that result in a theorized change in change of 2093

spacetime (acceleration of entropy). The same number of changes are radiating, increasing 2094

cell size of each initial bit (rate of change of initial entropic change) as it radiates increasing 2095

length but at a decreasing rate changing the effect of acceleration of spacetime (decreasing 2096

the effect of gravitational force on external matter/waves entering the gravitational field 2097

at increased distance from the source) [11]. In summary, the environmental effect of each 2098

generated gravitational increment on adjacent spacetime radiates from the origin at the 2099

boundary at a decelerating rate observed as changes in the external environment spacetime. 2100

This gravitational accelerated vector field, generated by mass, influences any mass/wave 2101

that interacts with the field, i.e., affected by the gravitational potential field spatial gradient. 2102

It is dependent on the stress, pressure, shear and momentum in each generated spacetime 2103

region [130,131] in addition to the distributed matter that describes the generated spacetime 2104

curvature, the equivalence principle [132]. There is no background (invariant) spacetime 2105

as is evident by the effect on generated time in a gravitational field (observed duration 2106

change, time dilation) [133]. 2107

The geometry of spacetime generation results in varying the externally observed 2108

trajectory of mass/waves entering the field. A photon that enters a gravitational field 2109

generated by a large mass will follow the null geodesic trajectory [134]. Since gravitational 2110

waves can interact with all “incomparable” force carrier increments, spacetime generation 2111

by a large mass results in a large number of gravitational waves that affect the EM force. 2112

Even though gravitational energy is small, the accumulated effect of gravitational energy 2113

in a large mass can be comparable to the relatively larger EM energy and affect its observed 2114

trajectory. The low energy positive gravitational waves result in a small increase in the 2115

positive EM wave and an asymmetric larger energy (although still small) decrease in 2116

the negative EM wave resulting in the change in trajectory of the EM wave in a strong 2117

gravitational field as the EM waves transitions between smaller increments closer to the 2118

source of the gravitational waves. 2119

The gravitational force, F = G M1 M2
r2 , per this theory, is interpreted as a result of the 2120

proportionality gravitational constant, G, multiplied by the mass equivalent of the number 2121

of Boltzmann states in each mass (M1 consists of N1 bits: M1 = N1
kT
c2 and mass, M2, 2122

consists of N2 bits: M2 = N2
kT
c2 ), divided by the square of the generated space between 2123

them. This can be considered as mass, M1, affecting M2 at distance r, M1
r , and M2 affecting 2124

M1 at distance r, M2
r , where the combined effect is proportional to M1 M2

r2 . The gravitational 2125

constant, G, in this formulation can be interpreted as the acceleration of the inverse density 2126

of spacetime:
(

m3

Kg−sec2

)
or G ∝

(
1/ρ

sec2

)
. This is a constant of the universe (that is a 2127

function of relationships and relationship changes in Planck and Boltzmann states) and is 2128

independent, therefore, of the attraction between the masses. Density is theorized to be 2129

average effect of the universe’s mass in the volume of the universe. For the gravitational 2130

constant, G, the ratio of inverse density to sec2 must remain constant. As the density 2131

increase, the accelerated inverse density decreases to maintain the constant G. Although 2132

this is a somewhat abstract concept (volume per mass) for an increase in inverse density, 2133

the universe would be observed to expand at an accelerating rate, decreasing density. Local 2134

variations in density have a different local effect which is related to General Relativity. 2135

Compared to equal masses at equal temperatures, gravitational attraction for equal 2136

masses at different temperatures increase when one mass is heated (increased number 2137

of internal interactions) while the other mass is cooled to approximately absolute zero 2138

(decreased number of internal interactions) which is attributed to the additional kinetic 2139
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energy in the hotter mass. There would be a small difference in gravitational attraction 2140

from the equilibrium temperature case. These are interpreted here as an indication that 2141

internal interaction changes affect spacetime which affects gravity. 2142

5. Verification of Theory: 2143

5.1. Determination of energy change due to observer reset/observation: 2144

1. For an enclosed isothermal chamber at temperature T containing a N multi-slit system 2145

with no path information observers (indistinguishable system), the energy change 2146

with the addition of N path information observers can be determined: 2147

Initial: T = 106, Ni = 104, ∆Ei = 0J 2148

Final: T = 106, N f = 104, ∆E f = (N(N − 1))kBT ≈ ×10−9TJ 2149

A crystal may be used to generate a large number of slits and a CCD camera as 2150

observers. 2151

2. For a large number N initial entangled spin states enclosed in an isothermal chamber 2152

at temperature T, with the addition of N spin observers (where, unlike multi-slit 2153

systems where superposition exists between binary slit combinations, superposition 2154

exists only between two states), the energy change can be determined: 2155

Initial: T = 106, Ni = 104, ∆Ei = 0J 2156

Final: T = 106, N f = 104, ∆E f = 2NkBT ≈ ×10−13J 2157

5.2. Time/duration in entanglement and observation: 2158

An indication that time is local and dependent on relationship changes that is distinct 2159

from duration is that an observed change in completely entangled properties occurs ap- 2160

proximately instantaneously between particles/properties separated by length whereas 2161

other changes between non-entangled particles/properties are observed as a transfer of 2162

“value” information at or up to the speed of light. 2163

1. A method to evaluate this theory of time would involve using partially entangled 2164

particles/properties. The degree of particle/property entanglement can be deter- 2165

mined from deviation from the expected 2
√

2 of Bell’s inequality [135]. The degree 2166

of entanglement ranges from zero entanglement where relationships between indi- 2167

vidual particles/properties are independent of each other to completely entangled 2168

where relationships include superposition states. For external observers determining 2169

minimal duration, ∆tDuration, for particles separated by ∆x communicating via EM 2170

waves: ∆tDuration = ∆x
c . For completely entangled relationship, when an external 2171

observer observes the state of one of the entangled particles/property, there would 2172

be an approximately instantaneous change in the other entangled particle/property, 2173

∆t ≈ 0 duration (one space incremental change so there is approximately zero dura- 2174

tion). Duration for relationships with partial entanglement can be modeled as being 2175

between no relationship and a completely entangled relationship so ∆x
c > ∆t > 0. 2176

Since partial entanglement may not be uniquely determined for one interaction, a 2177

statistical analysis will be required. Duration that is inversely proportional to the 2178

degree of entanglement would indicate time is dependent on changes in relationships. 2179

2. The entangled observation is theoretically limited by observed time for observations 2180

(change in observer) which is theorized to require a minimum (one Boltzmann time 2181

increment) for a one bit change which can be determined experimentally. The observed 2182

change in the observer independent of the entangled change is theorized to occur 2183

within ∆tDuration = 1
υ = 4.8×10−11

T and be temperature dependent. 2184

5.3. Effect of number of relationship changes: 2185

A measure of the number of relationship changes that is correlated with observable 2186

changes in a property, an aging, compared to a control not experiencing relationship 2187

changes, not aging, would indicate that relationship changes generate local spacetime. 2188
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For example, differences in duration between decays in radioactive atoms correlated with 2189

changes in the ratio between the number of distinguishable and indistinguishable states 2190

internal to the atomic nucleus would indicate local time is a function of relationship changes 2191

and types of relationship, mass in this case. The determination of this ratio is difficult, but 2192

there are other situations where changes in the ratio are more observable. 2193

1. In a transition between two 9Be+ ground state hyperfine levels, the probability “de- 2194

creases monotonically toward zero as n, the number of changes in relationship of 2195

observer goes to infinity [69].” This is a demonstration that increased number of 2196

changes in relationships in an external observer affects local time in the observed, that 2197

is, lower probability of observed external changes, increased duration between tran- 2198

sitions. That is, an infinite number of changes (resets/observations) in the observer, 2199

infinite amount of time generation, results in no net observable external space change 2200

due to radioactive emission, infinite duration. Thus, time is different for the system 2201

(multiple internal changes with externally applied repetitive resets/observations) 2202

and third party observer of environmental interactions (no decay). As previously 2203

theorized [56], reset results in indistinguishable states transferred from the observed 2204

system to the local (intra-subatomic) environment of the system and observation 2205

results in indistinguishable state transfer from the same local environment to the 2206

observed system. This would be a continuous process in the case of infinite number of 2207

reset/observation changes in the observer. In practice, the reset rate cannot be infinite 2208

since it is limited by energy changes needed to reset the observer and uncertainty. 2209

An experiment to determine if parallel resets from N observers would result in an 2210

increase in duration between decays (Zeno effect) would indicate that the change 2211

in the observed is due to resets of the observer. This assumes there are multiple 2212

internal distinguishable and indistinguishable (Boltzmann states relationships for 2213

mass) states that can be reset by multiple parallel external observers. If N parallel 2214

resets have the same effect as serial changes up to a given N where additional parallel 2215

resets do not increase duration between decays then this would indicate how many 2216

distinguishable/indistinguishable state changes result in particle decay. 2217

2. Since expectation value is a measure of the probability for change, it can be considered 2218

related to the probability for time generation per this theory. A greater probability of 2219

time generation would result in an increased probability of aging. Expectation values 2220

proportional to aging would indicate that change is related to time when determined 2221

for the same duration. No aging or no entropy change (such as a crystal at 0oK) would 2222

be a reference for determining aging. 2223

3. Demonstrating that different aging in each dimension for a given property that has 2224

components in each spatial dimension is proportional to the number of changes in 2225

the aging property of each dimension would indicate time is local. A source with 2226

asymmetrical radiation in different dimensions would result in asymmetric property 2227

changes in different dimensions, i.e., different aging in each dimension. 2228

5.4. Relationship between time changes and entropy in macroscopic systems: 2229

1. There is a coarse analogy between internal atomic quantum changes leading to ra- 2230

dioactive decay and macroscopic changes due to metal fatigue. Both represent a 2231

mass distribution change within the system and, per this theory, involves internal 2232

entropic changes attributed to a change in the distribution of distinguishable and 2233

indistinguishable states. However, macroscopic changes in metal are observable. 2234

Duration, measured time between fatigue failure, is an indirect measure of entropy 2235

changes: “entropy generation can be used as a natural measure of fatigue degradation 2236

[136].” Also, consistent with this model: “Entropy generation [change] at the fatigue 2237

fracture point has a constant value which is independent of geometry, stress state and 2238

loading frequency and directly related to material type [136].” This can be related to 2239

the present model where the greater the number of changes (greater time generation) 2240
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leads to increased fatigue and the number of changes is related to the mass “type”, 2241

different radioactive atoms. 2242

2. Time and relationship changes have been demonstrated to be related to biologically 2243

perceived time. The changes in the brain are decreased, saving brain function (slower 2244

aging) during cooling of the brain in neurosurgical procedures [137] or after cardiac 2245

arrest [138] even though externally observed duration is not affected. Furthermore, 2246

people’s perception of time has been shown to be related to physical changes in 2247

different regions of the brain and, therefore, different perceived physical time in these 2248

different regions, a local regionally-based activity [139,140]. 2249

5.5. Creation Dimension: 2250

Dimensions are defined as what is necessary for existence. Newtonian mechanics is 2251

based on length, width, breath being the only requirements for something to exist. Einstein 2252

added time as a necessary requirement for existence. Unlike spatial dimensions that are 2253

bidirectional, time is only unidirectional (absolute value of number of changes) which 2254

results in the change of sign between spatial and temporal dimensions in determination 2255

of proper time, τ, in Special Relativity. An additional dimension is theorized here to be 2256

required for something to exist; it must be created and the minimal limit on spacetime 2257

generation is theorized to be in discrete increments of non-dimensional, normalized Planck 2258

states, hnor, where hnor =
∆E∆t

h as a standard of existence (value 1). That is, Planck states 2259

are interpreted as the minimum limit on generation (time) of relationships (space) in the 2260

physical universe (generated spacetime), a minimal energy × time change expressed non- 2261

dimensionally (hnor:0 → 1). Unlike space which changes bidirectionally or time which 2262

changes unidirectionally, the creation dimension is an impulse. Without a change in time, 2263

∆t, and energy, ∆E, there is no creation (value 0). Planck states are indistinguishable states 2264

between temporal distinguishable states: one distinguishable state is not existence that 2265

temporally becomes a distinguishable state as existence. The temporal discrete relationships 2266

are observed as virtual particle generation (hnor:0 → 1) and destruction (hnor:1 → 0) 2267

function is a reversal of the creation function. Creation/destruction increases time as a 2268

change in space as relationships change (change in entropy). 2269

Unlike the other dimensions that can be observed as being transferrable between each 2270

other, creation affects all the other dimensions simultaneously as a multiplicative factor. 2271

Since gravity is a result of changes, there would be no gravity generated without creation, 2272

i.e., gravity is not independent and is, thus, related to the creation function at and after the 2273

big bang. That is, the initial creation change from non-existence to existence relationships 2274

that did not previously exist at the big bang generated gravity and continues to do so with 2275

additional creation/destruction. 2276

Consider the relationship between a creation dimension and current dimensions of 2277

length and duration for only one dimension, x: 2278

x′ - Observable dimension for observer at rest (post-creation) 2279

x - Creation relationship (0 pre-creation, 1 post-creation) 2280

hnor =
∆E∆t

h – Normalized Planck state 2281

hnor−α is the normalized Planck states in each of the dimensions (α = x, y, z, t) 2282

Let n be the number of changes, then: 2283

x′ = n
∆E∆t

h
x where

∆E∆t
h

= [1, 0] for n = 0, 1, 2..., ∞ (66)

For one Planck state change, n = 1 (post-creation), ∆E∆t = h, x changes from not 2284

being created to being created so x′ = x, consistent with current observations, i.e., x′ exists. 2285

As previously discussed, uncertainty is a requirement for the creation dimension resulting 2286

in existence. That is, observers only observe that which exist, limited by a minimum change 2287

of at least one Planck state increment. 2288
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Including the creation dimension in proper time for Special Relativity: 2289

τ = f n
(
x, y, z, t, hnor−x, hnor−y, hnor−z, hnor−t

)
(67)

so, a possible consideration is: 2290

τ2 = (x2 + y2 + z2 − c2t2)(hnor−x)
(
hnor−y

)
(hnor−z)(hnor−t) (68)

This is summarized in the theorem: “If a certain one of the components of a 4-vector is 2291

0 in every frame, then all force components are 0 in every frame [141].” 2292

For ∆Eα∆tα
h = 1, (α = x, y, z, t), the results are the same as that of Special Relativity. 2293

However, a creation function may be generated with nα∆Eα∆tα > h where nα is a different 2294

number of changes in the respective dimension. Therefore, the observed proper time in 2295

different dimensions would be different. The observed distribution of a radiating three- 2296

dimensional wave would be asymmetric. This asymmetry from creation results in different 2297

aging in each dimension of the three-dimensions (such as wave asymmetry). The asymme- 2298

try due to continuous asymmetric wave generation and that due to the creation function 2299

can be differentiated. The asymmetry due to continuous asymmetric wave generation 2300

would continuously change as measured by duration, whereas the asymmetry due to the 2301

creation function would result only from the origin of the wave, the initial change, not 2302

thereafter. Variations in observations of asymmetry as a one-time change in the origin as 2303

a function of different values of initial nα would indicate that the creation function has a 2304

physical effect. 2305

6. Conclusions 2306

This theory is based on the relationship between time and entropy not only resulting in 2307

a qualitative arrow of time, but quantitative, which leads to the conclusion that relationships 2308

generate local space and changes in relationships, events, generate local time. Per this 2309

theory, events do not occur in spacetime but generate spacetime. There is no requirement 2310

for universal background space and time. Background space and time is a statistical average 2311

of the number of relationships and changes in the number of relationships an external 2312

observer counts between start and stop events using predetermined artificial standards, 2313

which is itself a measure of predetermined standards between start and stop events. (Turtles 2314

all the way down.) An indication that time is local and based on relationships is that local 2315

time is zero, always in the present, for propagating photons and pure crystals at 0oK where 2316

there is net zero entropic change. This is different than the duration that external observers 2317

measure between counts of the number of artificially created increments (seconds). 2318

Space, time, and the universe only exist where relationships exist. Time and space, per 2319

this theory, are local properties such as mass that incorporates other internal unique local 2320

relationships (space) and changes in relationships (time) as properties such as spin, charge, 2321

etc., a property spacetime. Observations, such as Bell’s inequality, are attributed to local, 2322

nonlinear spacetime changes. The hidden variables are time and space. That is, particles 2323

are real between observations, even if created through field interactions. Experiments 2324

are proposed that would verify space is due to local relationships and time is a result of 2325

local relationship changes demonstrating that spacetime is local, nonlinear and, therefore, 2326

variable. 2327

If local relationships do not exist (no space, no mass), time (change in relationships) 2328

does not exist so particles and any other property (such as spin or charge) that depend on 2329

a particle existing (created) as a result of the creation dimension (value 1), also does not 2330

exist. Outside the universe, relationships do not and cannot exist so there is no observ- 2331

able spacetime and the concept of the end or edge of the universe would be undefined. 2332

This differentiates existence, the present universe, from non-existence, not of the present 2333

universe. 2334

Author Contributions: All contributions by Martin Alpert. Martin Alpert agrees to published version. 2335



Version February 16, 2025 submitted to Journal Not Specified 52 of 62

Funding: No external funding. 2336

Institutional Review Board Statement: Not Applicable. 2337

Informed Consent Statement: Not Applicable. 2338

Data Availability Statement: Not Applicable. 2339

Acknowledgments: I would like to acknowledge the appreciation of the multiple conversations and 2340

help from the Late Professor Isaac Greber, the multiple conversations over the years with Yeheng Wu, 2341

PhD Physics and Jordan Lanctot, PhD Candidate in Physics. 2342

Conflicts of Interest: Declare conflicts of interest or state “The authors declare no conflicts of interest.” 2343

Authors must identify and declare any personal circumstances or interest that may be perceived as 2344

inappropriately influencing the representation or interpretation of reported research results. Any role 2345

of the funders in the design of the study; in the collection, analyses or interpretation of data; in the 2346

writing of the manuscript; or in the decision to publish the results must be declared in this section. If 2347

there is no role, please state “The funders had no role in the design of the study; in the collection, 2348

analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the 2349

results”. 2350



Version February 16, 2025 submitted to Journal Not Specified 53 of 62

Appendix A. Missing Information Applied to Complex Amplitude in Multi-Slit 2351

Systems 2352

Appendix A.1. Introduction: 2353

In multi-slit systems, probability of observation is based on the magnitude of the 2354

complex amplitude, i.e., product of a complex number A = x + iy and its conjugate 2355

A∗ = x− iy. The probability is AA∗ = x2 + y2 which is real even though it is based on 2356

complex numbers since there is no missing information in the probability. Since both terms 2357

in the probability are squared, each term is binary, which is consistent with, and can be 2358

related to Born’s Rule [142]. The complex number and its conjugate can be rewritten as a 2359

90o rotation of real and imaginary coordinates, so A′ = ix + y, A′∗ = −ix + y, has the same 2360

effect as A = x + iy and A∗ = ix− y, i.e., interchanging the real and imaginary parts cannot 2361

be differentiated from the observed probability amplitude. Each binary possible interaction 2362

is one state in multi-slit systems and is quantified as one Shannon bit of information 2363

[56,143]. 2364

The probability for each state (each term of the probability equation for a multi-slit 2365

system) is a result of the effect of the observed possible binary environmental interactions 2366

associated with that state as a fraction of the total number of possible binary interactions. 2367

The probability changes with the number of external observers relative to the maximum 2368

number of states with no observers in the system. If the number of observers equals the 2369

number of states, the information in the system (each binary interaction) is completely 2370

observable (the inputs can be reconstituted from the outputs). These are specified as 2371

distinguishable states where particle characteristics are observed in multi-slit systems. The 2372

information at each slit is maximized and the number of states in the system is minimized. 2373

If the number of states is greater than the number of observers (the inputs cannot be 2374

reconstituted from the outputs), specified as indistinguishable states, wave characteristics 2375

are observed in multi-slit systems. With no path information observers, the observational 2376

information at each slit is minimized and the number of observable states in the system is 2377

maximized. Based on the entropic model for quantum mechanics, the combined number 2378

of distinguishable and indistinguishable states maximize the multiplicity in the system 2379

at each instant of time [56]. When there are no observers or known relationships in the 2380

system, no information can be inferred about the system including its existence, which is at 2381

least one bit of information. In this work, at least one observer, a final detector screen (or 2382

equivalent), in multi-slit systems is assumed to exist and as such, an observation is in the 2383

real domain. 2384

As observations are independent events, the probability for serial occurrences is 2385

multiplicative in time. The real terms are distinguishable (not in superposition) and are 2386

quantified as independent probabilities of environmental interactions at each slit. Superpo- 2387

sition in general, and specifically in the indistinguishable (missing information) case for 2388

multi-slit systems, is based on parallel (simultaneous), and symmetrical (equal in magni- 2389

tude and opposite in direction) dual binary interactions in space, quantified by imaginary 2390

terms, ixy and −ixy, a quantification of missing information. These are unobservable, 2391

hence imaginary, superposition terms for each possible binary interaction even though 2392

they have an observable effect (interference). In this case, the slit-slit interactions with an 2393

EM sinusoidal source wave are not observable so the phase difference can vary between 2394

0o and 360o. The +ixy and −ixy terms do not apply when information is complete (no 2395

superposition). 2396

Appendix A.2. Information Affects Probability Distribution: 2397

In a N multi-slit systems, as path information observers are added up to N observers, 2398

the number of states is decreased (and therefore, probability amplitude per state increased), 2399

since information in the system is increased and is complete with N observers. Missing 2400

information is decreased, decreasing or eliminating imaginary terms, since, by adding 2401

observers, the possible binary unobserved slit-slit interactions are decreased. 2402
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To demonstrate that two bits are required to eliminate the binary imaginary terms 2403

due to missing information, consider eiθ = cosθ + isinθ, where one value is determined by 2404

observation and the relationship between this value and the second value is known. The 2405

real and imaginary components are based on the same available information, θ, but from 2406

information of the real component (cosθ), the imaginary component (sinθ) cannot be deter- 2407

mined. As such, eiθ cannot be determined unless the trigonometric relationship between 2408

them is known which is a second bit of information. This is similar to an entangled spin sys- 2409

tem described in the body of the paper. That is, the effect of a known relationship as one bit 2410

of information is applicable to entangled spin+ and spin- states in superposition (spin-spin 2411

relationships) so only one observer and this known relationship (opposite spin) are neces- 2412

sary to determine the spin/environmental relationships eliminating spin entanglement. In 2413

the case of only one observer of the binary interaction and even if the binary relationships 2414

and the difference (x1 − x2) or (x2 − x1) are known as in formulas describing observations 2415

in double slit systems, for eip(x1−x2)/h = cos(p(x1 − x2)/h) + isin(p(x1 − x2)/h), missing 2416

information exists, since x1 and x2 cannot be uniquely determined. In double slit sys- 2417

tems, this missing information results in the indistinguishable case (interference with wave 2418

characteristics). 2419

Appendix A.3. Number of States in Multi-Slit Systems: 2420

The total number of possible binary interactions (states) in multi-slit systems are the 2421

summation of all possible interactions within and between slits. Let N be the number of 2422

slits and k and l be components of the binary slit/environmental interactions with each 2423

slit. Binary interactions are between each k and l: k = 1, 2..., N, l = 1, 2, ..., N. In the 2424

distinguishable case (complete information), environmental binary interactions are only 2425

within each slit where k = l, so for N observers, there are N binary terms. 2426

In the indistinguishable case with no path information observers (other than final 2427

detector screen or equivalent); there is incomplete information, environmental binary 2428

interactions are both within each slit as well as binary contributions between different slits. 2429

For N slits with no path information observers, there are N states for k = l and N(N − 1) 2430

observers for k ̸= l so the total number of states is N + N(N − 1) = N2. 2431

The probability of observing each source is one in an ideal system and is distributed 2432

equally (equally probable) among the maximum number of states for equal-sized slits in 2433

multi-slit systems. 2434

Appendix A.4. Multi-Slit Distinguishable Case: 2435

For one source in a N slit system and N path information observers, each possible 2436

slit-environmental interaction is observable. There are N2 possible states when there is no 2437

information added to the system so the probability amplitude for each slit as a percentage 2438

of the total possible environmental interactions is minimized at x2 = 1
N2 . The y2 term quan- 2439

tifies the effect of the increased probability as information is increased (missing information 2440

decreased) due to the added path information observers. The probability of observation of 2441

each state is increased since the number of states in the system is decreased. The probability 2442

of observing environmental interactions at the slit associated with the x term increases by 2443

y2 = N−1
N2 due to the not observed but observable possible interactions at other slits where 2444

information is complete. The probability of observation at each slit, based on the total 2445

information in the system, is PN−slitDistinguishable
= x2 + y2 = 1

N2 +
(N−1)

N2 = 1
N . Thus, since 2446

there are N possible interactions, the probability of observing each possible interaction is 1
N . 2447

Each slit/environmental interaction is independent of other slit/environmental interactions. 2448

This is the classical case which is based on complete information existing. Distinguishable 2449

interactions, referred to as slit/environmental/observable-slit/environmental/observable 2450

interactions, are, in the ideal case, theorized binary, zero-phase difference interactions 2451

(designated by a dash, “-”) between EM wave increments internal to the observed slit and 2452

no observed interaction at the other slits [56] for each emitted source (observed particle 2453

characteristics). As an example, the possible binary interactions for four slits (N = 4) with 2454
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complete information (four observers), are: slit1-slit1, slit2-slit2, slit3-slit3, slit4-slit4. For 2455

N = 4: P4−slits =
(

1
4

)2
+ (4−1)

42 = 1
4 . 2456

Appendix A.5. Multi-Slit Indistinguishable Case: 2457

The indistinguishable case is where information of possible observable slit / envi- 2458

ronmental interactions in the system is missing (number of states greater than number of 2459

observers) so information of all slit-environmental interactions for each source cannot be 2460

determined uniquely. This is the quantum mechanical case where superposition between 2461

distinguishable states exist resulting in observed wave characteristics. With no path infor- 2462

mation observers, there is no additional information in the system
(
y2 = 0

)
, i.e., no decrease 2463

in the number of states and, therefore, no decrease in the minimum probability of interac- 2464

tion for each state. Since the total number of equally probable states is N2, the probability 2465

of observing each state is PN−slitIndistinguishable
= 1

N2 . The possible indistinguishable binary 2466

not observable interactions are referred to as slit/environmental→slit/environmental (des- 2467

ignated by an arrow, “→”). In the four-slit example, the possible indistinguishable binary 2468

not observable interactions, in addition to those of the distinguishable case are: slit1→slit2, 2469

slit1→slit3, slit1→slit4, slit2→slit3, slit2→slit4, slit3→slit4 and the associated symmetric 2470

simultaneous reverse interactions. There are 16 total possible interactions: 4 distinguishable 2471

interactions and 12 indistinguishable interactions and, therefore, the probability amplitude 2472

is 1
16 for each possible interaction. Indistinguishable interactions are theorized non-zero 2473

phase difference interactions between binary EM wave increments exiting different slits 2474

(observed interference pattern) [56]. 2475

Appendix A.6. Multiple-Slit Combined Distinguishable and Partial Indistinguishable Case 2476

As observers are added, the number of distinguishable states, N, does not change and 2477

for R added observers the number of indistinguishable states decrease and is (N− R)(N− 2478

R− 1) [56]: 2479

Total Number of Possibilities (terms) = N + (N − R)(N − R− 1)for R ≤ N (A1)
2480

Probability for each Possibility =
1

N + (N − R)(N − R− 1)
(A2)

The probability for each state in the system equals the minimum probability, 1
N2 , plus 2481

the increase in probability due to available information at other states in the system, y2. To 2482

determine y2: 2483

1
N2 + y2 =

1
N + (N − R)(N − R− 1)

(A3)

2484

y2 =
R(2N − R− 1)

N2((N − R)2 + R))
(A4)

For a four-slit system (N=4), the number of states decrease from 16 to 4 as information is 2485

added: 2486
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R x2 y2 Number of States

Probability
for each

state:
x2 + y2

Decreased
number
of states

0 1/16 1/16− 1/16 = 0 16 1/16 0
1 1/16 1/10− 1/16 = 6/160 10 1/10 6
2 1/16 1/6− 1/16 = 10/96 6 1/6 10
3 1/16 1/4− 1/16 = 3/16 4 1/4 12
4 1/16 1/4− 1/16 = 3/16 4 1/4 12

Table A1. State probability and distribution analysis

Since there is always one observer in the system (final detector screen or equivalent), 2487

complete information exists for R=4 and R=3. 2488

Appendix A.7. Discussion: 2489

I. Superposition and Symmetry: Superposition can be considered a symmetry (indistin- 2490

guishability) in quantum relationships [144]. Symmetry change (breaking symmetry) only 2491

occurs when indistinguishable states change. In multi-slit systems, symmetry breaking is a 2492

change from wave characteristics (indistinguishability with missing information that incor- 2493

porate imaginary terms) to particle characteristics (distinguishability with complete infor- 2494

mation with no imaginary terms) with the addition of external observer resets/observations. 2495

Thus, with the addition of path information observers, the number of symmetric (indistin- 2496

guishable) interactions decrease, symmetry is broken. For a N slit multi-slit system, partial 2497

symmetry breaking occurs as path information observers are added (decrease number of 2498

binary indistinguishable states) up to N observers where symmetry breaking is complete. 2499

If the change is reversible (within the limits of uncertainty), the information that is lost 2500

in the broken symmetry is retrievable and the broken asymmetry can revert to the sym- 2501

metric case, reversible symmetry breaking [30]. In multi-slit systems, the symmetry can 2502

be restored by reversal of the reset/observation process, i.e., energy addition in the obser- 2503

vation/reset process. Post-observation in double-slit systems, the system reverts to the 2504

indistinguishable case. This is referred to previously as a reversible irreversible process. If 2505

the information is not retrievable, then the asymmetric case cannot revert to the symmetric 2506

case, non-reversible symmetry breaking. In entangled spin states, one observation uniquely 2507

determines the state of both spins which cannot be reversed for that pair of particle spin 2508

states. This is referred to previously as an irreversible irreversible process. The difference in 2509

reversibility for these two cases depends on whether the information that breaks symmetry 2510

is exclusively a result of reset/observation (double slit) or a combination of observation 2511

and known relationships (entangled spin) since known relationship cannot be restored. 2512

II. Macroscopic Superposition: An analogy exists between superposition in macroscopic 2513

objects and superposition in quantum mechanics. Superposition in dice will be used 2514

as an example where the probability of observing a macroscopic face number in a dice 2515

has particle (distinguishable) characteristics. There are six distinguishable states in one 2516

dice: 6/1, 1/6, 3/4, 4/3, 2/5, 5/2. Each state has a dual component. That is, analogous 2517

to the known relationship between spin (dice faces), observation of one spin state (one 2518

dice face) instantaneously determines the other spin state (corresponding dice face). Post- 2519

observation for dice dependent environmental relationships between dice faces continue 2520

to exist unlike spin where there is no relationship of the previously entangled spin states. 2521

The indistinguishable dice states are those cases that incorporate the information of the 2522

observation as, for example, one dice face, but still has missing information of the other 2523

faces dual component interactions with the environment in the other two dimensions so the 2524

system’s states cannot be reconstituted. For one observed dual state, the three dimensions 2525

consists of one dual component distinguishable state plus the indistinguishable states 2526

associated with each of the unobserved dual component relationships. 2527
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Comparison of states in dice and multi-slit and spin entangled systems: 2528

1. Physical constraints on dice: Since independent face/environmental interactions do 2529

not exist, there are additional constraints so there is more information in the dice 2530

system resulting in 24 possible configurations (See Table 1). These are fewer possible 2531

configurations than in a six slit systems (36 possible relationships) that do not have 2532

these dimensional constraints. A dice system consists of three entangled states (1/6, 2533

6/1; 3/4, 4/3; 2/5, 5/2). There are four states per entangled state. For example, if 2534

6/1 is observed, there are 5/2, 4/3; 2/5, 4/3; 4/3, 2/5; 3/4, 5/2 possible states due to 2535

the missing information from the additional dimensions. For an x -dimensional dice 2536

system, the total number of states is
(
2x−1)(x!). There are 2x distinguishable states 2537

with (2x−1)(x!)
2x indistinguishable states per distinguishable states without additional 2538

observations (four indistinguishable states per dual distinguishable states for the three 2539

dimensions of the dice) . 2540

2. With no observations of the dice face, there are 24 total possible configurations which 2541

reduce to 4 total states with one observation. For one observation, the five not 2542

observed distinguishable states are eliminated. In the six sided dice example, one 2543

bit of information is, for example, if a 6 is observed there is additional information 2544

that this is on the top of a three-dimensional dice system. Configurations 1-4 in 2545

Table 1 are the indistinguishable states associated with the (6/1) distinguishable state. 2546

With a second observer of another dimension without left/right information, two 2547

possibilities exist. If the dimensional right/left information in the second observer is 2548

available the combined observation results in one possible state (no indistinguishable 2549

states). 2550

The observation of environmental interactions of dice is visual. Unlike a wave capable 2551

of interacting simultaneously with two slits, i.e., one observation cannot interact with 2552

two sides of the dice simultaneously. Rolling the dice is the source, equivalent to the EM 2553

wave source in multi-slit systems or the generation of the entangled state, but instead of 2554

a sinusoidal wave interacting with the slits or the relationship between entangled states 2555

and polarizers, the source is a response to the step energy transfer to the dice which results 2556

in no phase difference between dice indistinguishable states. A sinusoidal probability 2557

interference pattern is not generated, but changes in the probability of observation will be 2558

discrete, i.e., changes in the number of indistinguishable states is discrete. 2559
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Configuration # Top/Bottom Right/Left Front/Back
1 6/1 5/2 4/3
2 6/1 2/5 3/4
3 6/1 4/3 2/5
4 6/1 3/4 5/2
5 1/6 5/2 3/4
6 1/6 2/5 4/3
7 1/6 4/3 5/2
8 1/6 3/4 2/5
9 3/4 1/6 5/2

10 3/4 6/1 2/5
11 3/4 2/5 1/6
12 3/4 5/2 6/1
13 4/3 1/6 2/5
14 4/3 6/1 5/2
15 4/3 2/5 6/1
16 4/3 5/2 1/6
17 2/5 4/3 1/6
18 2/5 3/4 6/1
19 2/5 6/1 4/3
20 2/5 1/6 3/4
21 5/2 4/3 6/1
22 5/2 3/4 1/6
23 5/2 6/1 3/4
24 5/2 1/6 4/3

Table A2. Multiplicity configurations (W = 24)
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