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Abstract6

This paper argues for the continuous nature of time, space and7

spacetime, based on all observers’ internal experience of the present8

moment as having zero duration and all observers internally experi-9

encing always being in the present moment without any divisibility10

and discontinuity of this present moment and the logical consistency11

based on the space being the substratum for the existence of time. The12

implications of this continuity challenge the physical theories propos-13

ing discrete structures of space or time or spacetime, such as loop14

quantum gravity, causal set theory, etc.15
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1 Introduction16

The nature of time, space and spacetime has been a fundamental question17

in physics. This paper presents a novel argument based on all observers’18

internal experience of the present moment as having zero duration and all19

observers internally experiencing always being in the present moment without20

any divisiblity and discontinuity of this present moment and, hence, argues21

for the continuity of time and using the logical consistency based on the space22

being the substratum for the existence of time, argues for the continuity of23

space and, thus, spacetime also.24

2 The Fundamental Principle of Measurement:25

Detecting and Differentiating at least Two26

Events by the Measuring Apparatus27

Any measurement of any physical quantity always requires detecting and28

differentiating at least two events by the measuring apparatus. This is a fun-29

damental principle in the process of measurement. The following examples30

explain it in details.31

32

Example 1. Two-Event Case at Classical Level: Measuring Time33

Interval Using a Stopwatch34

35

For example, measuring a time interval using a stopwatch requires the stop-36

watch to detect and differentiate 2 events - the start event, when the stop-37

watch is started, and the stop event, when the stopwatch is stopped - to38

calculate the time interval between any two external events. The design of39

the stopwatch ensures it can detect the start and stop events to calculate the40

time interval accurately.41

42

Example 2. Three-Event Case at Classical Level: Measuring Ac-43

celeration using an Accelerometer44

45

An accelerometer [1] uses below 3 events to measure the acceleration of an46

object.47

48
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Event 1: Initial Position (Time t0) - The position of the object at the49

initial time.50

51

Event 2: Intermediate Position (Time t1) - The position of the object52

at a later time.53

54

Event 3: Final Position (Time t2) - The position of the object at55

a further later time.56

57

Measurement: Acceleration is calculated based on the change in velocity,58

which is derived from the positions at different times. The accelerometer59

must detect these three events to compute the change in velocity and, hence,60

the acceleration.61

62

Example 3. Two-Event Case at Quantum Level: Measuring Elec-63

tron Spin64

65

Stern-Gerlach experiment [2] uses the following 2 events to measure the spin66

of an electron.67

68

Event 1: Electron enters the magnetic field - The electron’s path is69

influenced by the magnetic field.70

71

Event 2: Electron hits the detector screen - The electron’s deflection72

is observed on the detector screen.73

74

Measurement: The deflection indicates the electron’s spin state. The ex-75

perimental setup is designed to detect these two events to measure the elec-76

tron’s spin.77

78

Example 4. Three-Event Case at Quantum Level: Quantum Inter-79

ference80

81

Double-Slit Experiment [3] uses the following 3 events to measure quantum82

interference.83

84

Event 1: Photon or electron passes through the first slit - The85

particle’s path is partially determined.86
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87

Event 2: Photon or electron passes through the second slit -88

The particle’s path is further determined, creating a superposition if it89

behaves like a wave.90

91

Event 3: Photon or electron hits the detector screen - The parti-92

cle’s impact on the screen is observed.93

94

Measurement The interference pattern on the screen results from the 395

detected events, showing the wave-like behavior of particles. The setup is96

designed to detect these 3 events to study the interference pattern.97

98

This fundamental principle of measurement implies that there will be a min-99

imum value of measurement for every physical quality which further implies100

that the continuity of any physical quality, even if it exists, cannot be es-101

tablished directly through its measurement. So, the continuity of time, if it102

exists, requires a non-measurement based logic which is being given in the103

next section.104

3 The Proof for the Continuous Nature of105

Time106

All observers always internally experience the present moment as ”now” and107

as having zero duration as an integral part of their own continuous existence.108

Further, all observers internally experience always being in the present mo-109

ment without any divisiblity and discontinuity of this present moment. This110

implies a seamless, unbroken flow of time as the present moment becomes the111

past moment and the future moment becomes the present moment in just one112

moment. If the present moment had a duration, even a tiny one, we could113

theoretically divide it in half. However, such a division feels nonsensical.114

Trying to pinpoint the exact start or end of the present moment is impos-115

sible as well as illogical as we perceive the passage of time as a continuous116

flow. The future continuously becomes the present and the present becomes117

the past. This suggests no breaks or gaps in the flow of time, which aligns118

with a zero-duration present. Also, imagine trying to measure the duration119

of the present moment. By the time you set up the measurement appara-120

4



tus, the ”now” you were trying to measure would have already passed. This121

highlights the difficulty in assigning a duration to the present moment. The122

past and future have a definite duration (even if the past may be finite and123

the future may be infinite). However, the present moment is fundamentally124

different, existing as a point without duration that separates these two. All125

these arguments establish that the present moment has zero duration.126

127

This zero duration suggests that time is fundamentally continuous, as any128

discreteness in time would imply perceptible intervals between two consec-129

utive moments which is not supported by the zero duration of the present130

moment always internally experienced by all observers in this universe. So,131

this provides strong experimental validation of the continuous nature of time.132

133

The continuity of time is also supported by logical reasoning. A discrete134

model of time would introduce minimal temporal units, conflicting with our135

smooth, uninterrupted experience of the present moment. The zero-duration136

present moment not only provides experiential evidence but also maintains137

logical consistency with the concept of continuous time.138

139

Also, it is important to note that the perceptual continuity of various dis-140

crete events such as seen in watching a video made of many discrete images141

or the perceptual continuity of the macroscopic objects made of discrete142

molecules is fundamentally different from the inherent continuous nature of143

time with every present moment being a part of the indivisible ”now” in144

which all observers are always present and with zero duration and which is145

felt by all observers internally as an integral part of their own continuous146

existence. And whatever is the common experimental verification done by147

all observers in this universe, whether internally or externally, is an experi-148

mental/empirical evidence for its truth in physics only.149

150

Established physical theories that align with experimental results, such as151

Einstein’s theory of special relativity and general relativity, as well as Quan-152

tum Mechanics, all utilize a continuous model of time. These theories provide153

additional, independent experimental evidence for the continuous nature of154

time. The success of these theories in explaining and predicting physical155

phenomena further reinforces the argument for temporal continuity [4–6].156

157

Einstein’s theory of special relativity relies on the continuity of time to ex-158
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plain the constancy of the speed of light and the relativity of simultaneity.159

The equations of special relativity assume a continuous temporal dimension,160

and their experimental verification supports the continuous model of time [4].161

162

Einstein’s theory of general relativity describes gravity as the curvature of163

spacetime, a continuous fabric influenced by mass and energy. The continu-164

ous nature of time in general relativity is essential for accurately describing165

gravitational phenomena, as confirmed by numerous experiments and obser-166

vations, such as the bending of light around massive objects and the precise167

orbit of planets [5].168

169

Quantum Mechanics, despite dealing with discrete energy levels and quan-170

tized properties, operates within a framework of continuous time. The Schrödinger171

equation, which governs the behavior of quantum systems, assumes time as172

a continuous variable. The successful predictions and experimental confir-173

mations of Quantum Mechanics provide strong evidence for the continuity of174

time [6].175

4 The Proof for the Continuous Nature of176

Space177

Space is the substratum for the existence of time as all events exist in space.178

Space provides the ”arena” where events unfold. Without space, the concept179

of time wouldn’t have meaning because there would be no context for events180

to occur. Imagine a single point without any ”aroundness” - it’s difficult to181

conceive of ”before” or ”after” in such a scenario. Time, in this sense, relies182

on the existence of space to be meaningful.183

184

Without continuous space, the concept of continuous time loses its mean-185

ing, as events would not have a consistent spatial context. If space were186

composed of discrete units, any movement or change would occur in jumps187

from one spatial unit to the next. This would imply that time must also188

progress in discrete steps to match the spatial jumps, leading to a discrete189

temporal framework. For time to be experienced continuously, the spatial190

context in which events occur must also be continuous. A seamless flow of191

time requires that there be no gaps or intervals in space, allowing events to192
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progress smoothly and uninterruptedly. So, the continuity of time establishes193

the continuity of space also. This is the strong and sufficient logic for the194

continuity of space.195

196

Established physical theories that align with experimental results, such as197

Einstein’s theory of special relativity and general relativity, as well as Quan-198

tum Mechanics, all utilize a continuous model of space. These theories pro-199

vide additional, independent experimental evidence for the continuous nature200

of space. The success of these theories in explaining and predicting physical201

phenomena further reinforces the argument for spatial continuity [4–6].202

203

In Einstein’s theory of special relativity [4], Lorentz transformations rely on204

a continuous space and time framework. These transformations relate the co-205

ordinates of events between different inertial frames and predict phenomena206

such as time dilation and length contraction. The success of these predic-207

tions and their experimental verification through numerous high-precision208

experiments, such as the observation of muons traveling through the Earth’s209

atmosphere [7], support the continuity of space and time. The relativity of210

simultaneity in special relativity demonstrates that the concept of simulta-211

neous events depends on the observer’s frame of reference. This relativity is212

only coherent in a continuous spacetime framework, where space and time213

are interwoven seamlessly.214

215

Einstein’s theory of general relativity [5] describes gravity as the curvature216

of continuous spacetime. The theory’s equations, which predict gravitational217

effects, assume that space and time form a continuous manifold. The pre-218

cise predictions of planetary orbits [8], light bending [8], and time dilation219

near massive objects [9] confirm the continuity of spacetime. The detection of220

gravitational waves, as ripples in the continuous fabric of spacetime caused by221

accelerating massive objects like merging black holes, further supports spatial222

and temporal continuity. The propagation of these waves through a contin-223

uous spacetime framework has been confirmed by experiments conducted by224

observatories such as LIGO and Virgo [10], providing strong evidence for the225

continuity of space and time.226

227

QuantumMechanics operates within a continuous spatial and temporal frame-228

work, even though it deals with discrete energy levels and quantized proper-229

ties. The wave-like behavior of particles, such as interference and diffraction230
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patterns observed in the double-slit experiment [3], requires a continuous231

space to be accurately described. The Schrödinger equation [6], fundamental232

to Quantum Mechanics, assumes continuous space and time variables to de-233

scribe the probability amplitude of particles. It describes the wave function234

of a particle:235

iℏ
∂Ψ(r, t)

∂t
=

[
− ℏ2

2m
∇2 + V (r, t)

]
Ψ(r, t) (1)

where:236

Ψ(r, t) is the wave function,237

ℏ is the reduced Planck’s constant,238

m is the mass of the particle,239

∇2 is the Laplacian operator,240

V (r, t) is the potential energy.241

242

The Laplacian operator in three-dimensional Cartesian coordinates is given243

by:244

∇2 =
∂2

∂x2
+

∂2

∂y2
+

∂2

∂z2
(2)

Above equations assume continuous time and continuous space. This contin-245

uous framework is essential for predicting and explaining quantum phenom-246

ena, such as electron behavior in atoms and chemical bond formation [11] [12].247

5 The Continuity of Spacetime248

Given the continuity of both space and time, spacetime must also be continu-249

ous. Spacetime, as the integrated entity combining space and time, relies on250

the continuous nature of its components to maintain a coherent and unified251

description of reality.252

5.1 Spacial and General Relativity and Continuous Space-253

time254

Special and general relativity treat spacetime as a continuous manifold. The255

Lorentz transformations in special relativity and the Einstein field equations256

in general relativity both assume and require the continuity of spacetime [4,5].257

258
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The Lorentz transformations between two reference frames with the 1st ref-259

erence frame moving with relative velocity v along x-axis are given by:260

x′ = γ(x− vt) (3)
261

t′ = γ
(
t− vx

c2

)
(4)

where γ = 1√
1− v2

c2

.262

263

In general relativity, the Einstein field equations describe how matter and264

energy influence the curvature of spacetime:265

Gµν =
8πG

c4
Tµν (5)

where Gµν is the Einstein tensor, Tµν is the stress-energy tensor, G is the266

gravitational constant, and c is the speed of light [5].267

6 Space, Time and Spacetime have a Mini-268

mum Measurable Value despite their Con-269

tinuity270

The fundamental principle of measurement, as explained earlier, says that271

any measurement of any physical quantity always requires detecting and dif-272

ferentiating at least two events by the measuring apparatus. Due to this273

principle, despite the continuity of time, space and spacetime, they will have274

a minimum measurable value.275

276

In quantum mechanics and quantum gravity theories, the Planck time (tP )277

and the Planck length (ℓP ) are often referenced as the smallest measurable278

units of time and space, respectively [13, 14]. These units are derived from279

fundamental physical constants and represent scales at which our current280

understanding of physics breaks down.281

282

The Planck time is the time it would take for light to travel one Planck length283

in a vacuum, and is given by:284

tP =

√
ℏG
c5

≈ 5.39× 10−44 seconds (6)
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and the Planck length is defined as:285

ℓP =

√
ℏG
c3

≈ 1.62× 10−35meters (7)

where ℏ is the reduced Planck constant, G is the gravitational constant, and286

c is the speed of light in a vacuum.287

288

These values represent the scale at which classical notions of gravity and289

spacetime cease to be valid, and quantum effects dominate [14,15].290

291

The theoretical justifications for the minimum measurable value of292

time, space and spacetime are being given below:293

1. Uncertainty Principle: Heisenberg’s Uncertainty Principle implies294

a fundamental limit to the precision with which pairs of physical prop-295

erties, such as position and momentum, can be simultaneously known.296

This principle suggests that there is a minimum measurable scale for297

time and space, reinforcing the idea that while time and space are298

continuous, their measurement is subject to quantum limitations [11].299

Recent work has extended this to spacetime measurements [16].300

2. Black Hole Thermodynamics: Theoretical work on black hole ther-301

modynamics, particularly the Bekenstein-Hawking entropy formula,302

suggests a limit to the amount of information that can be stored within303

a given region of space [17, 18]. This further implies a minimum mea-304

surable space and time, although space and time themselves remain305

continuous [19].306

The experimental evidences for the minimum measurable value of307

time, space and spacetime are being given below:308

1. Precision Measurements in Atomic Physics: Advances in atomic309

clock technology and precision measurements of fundamental constants310

have pushed the limits of time measurement. These experiments con-311

firm that while time can be measured with incredibly high precision,312

there is a practical limit imposed by quantum effects [20].313

2. Gravitational Wave Detectors: Instruments like LIGO have achieved314

unprecedented sensitivity in measuring spacetime distortions [10].315
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3. High-Energy Particle Physics: Experiments at particle accelerators316

probe ever-smaller distance scales [16].317

While time, space and spacetime are fundamentally continuous, the process of318

measurement imposes a minimum measurable value for these quantities. This319

is reflected in concepts such as Planck time and Planck length in quantum320

mechanics and quantum gravity theories. Both theoretical frameworks and321

experimental evidences support the idea that, despite their continuity, there322

are intrinsic limits to the precision with which time, space and spacetime can323

be measured [21].324

7 Challenging the Emergent Continuity Con-325

cept326

While some theories propose that continuous spacetime emerges from an327

underlying discrete structure at the Planck scale, the continuous experience328

of time and the experimental validation of the predictions made by various329

theories in physics using the continuity of time, space and spacetime such330

as special relativity, general relativity and quantum mechanics suggests that331

the continuity of time and, hence, space and, hence, spacetime is inherent332

and not emergent. Further arguments against the emergent continuity are333

being given below:334

1. Scale problem: There is no clear mechanism explaining how discrete335

structures at the Planck scale give rise to the apparent continuity at336

observable scales.337

2. Lorentz invariance: Many discrete approaches struggle to maintain338

Lorentz invariance, which is well-established in special relativity.339

3. Quantum-classical transition: The emergence of classical continuous340

spacetime from discrete quantum structures faces the same conceptual341

difficulties as the general quantum-to-classical transition problem.342

8 Challenging the Discrete Physical Theories343

The arguments for continuous time, space and spacetime, along with there344

being a minimum measurement of time, space and spacetime at Planck scales345
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as a part of the fundamental principle of measurement representing the limit346

of our current measurement capabilities rather than any fundamental dis-347

creteness of time, space and spacetime, and the arguments for the inherent348

continuity rather than any emergent continuity of time, space and spacetime349

automatically challenge the very foundation of all discrete physical theories350

which uses discrete time or discrete space or discrete spacetime given below351

and make case for the proponents of these theories to either counter these352

arguments given by the author or reconsider their theories:353

1. Loop Quantum Gravity (LQG) [22]: LQG is an attempt to merge quan-354

tum mechanics and general relativity. It proposes that space and time355

are quantized at the Planck scale, represented by spin networks and356

spin foams and, thus, spacetime has a granular structure composed of357

discrete units. LQG suggests that space is composed of finite loops358

woven into an extremely fine fabric, with a minimum measurable area.359

2. Causal Set Theory [23]: Causal set theory proposes that spacetime360

is fundamentally discrete and that the spacetime continuum emerges361

from a vast collection of discrete elementary events connected by causal362

relationships. It aims to reconcile quantum mechanics with gravity by363

discretizing spacetime while maintaining Lorentz invariance.364

3. Quantum Graphity [24]: Quantum graphity proposes that space emerges365

from a more fundamental, discrete graph-like structure. It proposes366

that the universe started in a highly connected state and evolved to its367

current state through a phase transition.368

4. Cellular Automata Models of Universe [25]: These models propose that369

the universe operates like a vast cellular automaton, with space and370

time discretized into a grid of cells that evolve according to simple, local371

rules. This approach attempts to explain complex physical phenomena372

emerging from simple, discrete underlying mechanisms.373

5. Regge Calculus [26]: This theory uses a method for approximating gen-374

eral relativity using piecewise flat simplicial complexes, thus, treating375

spacetime as discretizable. It is originally a classical (non-quantum)376

approach.377

6. Simplicial Quantum Gravity [26]: This theory approximates curved378

spacetime with flat simplices, creating a piecewise linear manifold. It379
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aims to provide a discrete formulation of general relativity that could380

be more amenable to quantization.381

7. Causal Dynamical Triangulations (CDT) [27]: A approach to quan-382

tum gravity that discretizes spacetime into simplicial complexes and383

uses Monte Carlo simulations to study the resulting quantum geometry,384

aiming to show how classical spacetime might emerge from quantum385

fluctuations of geometry. Simplicial Quantum Gravity does not inher-386

ently enforce a causal structure but CDT explicitly maintains a causal387

structure by distinguishing between space-like and time-like edges in388

the simplicial complex.389

8. Digital Physics [28]: This theory hypothesizes that the universe is fun-390

damentally information-based and that all physical processes can be391

viewed as computations. It suggests that reality might be discrete at392

its core, analogous to the discrete nature of digital information process-393

ing.394

9. Some Formulations of Quantum Einstein Gravity [29]: Some formula-395

tions of Quantum Einstein Gravity suggest an effective discreteness of396

spacetime at very small scales due to quantum effects. This approach397

uses renormalization group techniques to study how gravity behaves at398

different energy scales.399

10. String-net Condensation [30]: While primarily a theory of emergent400

gauge fields and fermions, string-net condensation suggests that con-401

tinuous space itself might emerge from the condensation of extended402

objects in a discrete spin model, providing a potential mechanism for403

the emergence of spacetime from discrete structures.404

Addressing Potential Criticisms:405

1. Quantum discreteness: Potential criticism: the success of quantum me-406

chanics in describing discrete phenomena might extend to spacetime407

itself. Response: While quantum mechanics describes discrete phe-408

nomena, its mathematical framework (wave functions, Hilbert spaces)409

is continuous. Our theory proposes that this framework reflects a fun-410

damentally continuous time, space and spacetime.411
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2. Singularity resolution: Potential criticism: discrete theories often claim412

to resolve singularities in general relativity. Response: The continuity413

of time, space and spacetime does not preclude other mechanisms for414

resolving singularities, such as limitations on spacetime curvature or415

energy density.416

3. Measurement limits: Potential criticism: the existence of Planck-scale417

limits on measurement might imply fundamental discreteness of time,418

space and spacetime. Response: As argued in above section, measure-419

ment limitations arise due to the fundamental principle of measurement420

which states that any measurement of any physical quantity always re-421

quires detecting and differentiating at least two events by the measuring422

apparatus which implies a minimum value of any measurement. This423

does not necessarily imply the fundamental discreteness of time, space424

and spacetime.425

9 Conclusion426

The continuous nature of time, as evidenced by the zero-duration present427

moment, implies the continuity of space and spacetime. This continuity428

challenges all physical theories proposing discrete structures of time or space429

or spacetime such as loop quantum gravity and causal set theory and aligns430

with established physical theories like special relativity, general relativity431

and quantum mechanics. Thus, there is a need to develop those theories in432

quantum gravity which uses the continuity of time, space and spacetime and433

uses the limit of Planck time for the minimum measurement of time and the434

limit of Planck length for the minimum measurement of a spatial dimension.435

A few such theories are being discussed below:436

1. Quantum Foam [14]: This theory suggests that at extremely small437

scales, spacetime has a dynamic, foam-like fluctuating structure due to438

quantum fluctuations, with virtual particles and miniature black holes439

constantly appearing and disappearing. This is part of the attempt440

to reconcile general relativity with quantum gravity. Quantum foam441

can be interpreted as continuous spacetime that experiences quantum442

fluctuations at extremely small scales, rather than being composed of443

discrete units.444
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2. Twistor Theory: [31] This theory aims to unify quantum mechanics445

and general relativity by representing spacetime points using math-446

ematical objects called twistors. Twistor space is continuous. The447

theory reformulates physics in terms of holomorphic functions in com-448

plex projective space, which is a continuous mathematical structure.449

Twistor theory provides an alternative description of spacetime, rather450

than discretizing it. It relates points in Minkowski space to certain ge-451

ometric objects (twistors) in a complex space. Twistor theory does not452

inherently contradict the notion of continuous spacetime. It offers a453

different mathematical framework for describing spacetime events, but454

this framework is itself continuous.455

3. Group Field Theory (GFT) [32]: GFT is a quantum field theory, but456

instead of being defined on spacetime, it’s defined on a group manifold457

(hence the name). The fundamental entities in GFT are fields that458

live on several copies of a group manifold. The excitations of these459

fields represent the quanta of space. The excitations of these fields are460

localised but that does not mean these excitations being an indivisible461

parts of the group fields will necessarily make the space or spacetime462

discrete. It is possible to interpret GFT in a way that maintains under-463

lying continuity of space and spacetime, with the quanta representing464

indivisible excitations of a continuous group field. The author’s cri-465

tique of emergent continuity might still apply to some interpretations466

of GFT, but not necessarily to all of them.467

10 The Implications for the Future Directions468

of the Quantum Gravity Research469

The continuity of time, space and spacetime proposed in this paper has470

significant implications for quantum gravity research:471

1. Reconciliation with quantum mechanics: Future theories must find472

ways to incorporate quantum phenomena within a fundamentally con-473

tinuous time, space and spacetime, rather than discretizing either of474

these three.475

2. Infinities in quantum field theory: The continuity of time, space and476

spacetime suggests that the infinities arising in quantum field theories477
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might be addressed through means other than imposing a minimum478

length scale.479

3. Holographic principle: The continuous nature of time, space and space-480

time may require a reinterpretation of the holographic principle in481

quantum gravity.482

The future directions of the quantum gravity research should focus on:483

1. Developing mathematical formalisms that can describe quantum phe-484

nomena within a continuous time, space and spacetime framework.485

2. Investigating potential experimental tests that could distinguish be-486

tween continuous and discrete time or space or spacetime theories at487

high energy scales.488

3. Exploring the implications of continuous time, space and spacetime for489

other open problems in physics, such as the nature of dark matter and490

dark energy.491

4. While current experiments cannot directly probe Planck-scale physics,492

indirect tests might be possible. For instance, studying the propa-493

gation of high-energy cosmic rays or searching for potential Lorentz494

invariance violations in extreme astrophysical environments could pro-495

vide evidence for or against time, space and spacetime continuity.496
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