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Abstract 

This work establishes a unified operational framework bridging Special Relativity (SR), General Relativity (GR), 

and Quantum Mechanics (QM) by introducing two fundamental extensions to relativistic mechanics while 

demonstrating explicit reduction to standard physics in correspondence limits. First, we resolve the historical 

kinematic asymmetry in relativity—where speed   is universally bounded by   while proper acceleration a remains 

unphysically unbounded—by deriving an invariant maximum proper acceleration scale         
  ⁄  directly 

from horizon dynamics and quantum localization limits. Second, we extend the Einstein Equivalence Principle into 

the quantum domain via the Unified Equivalence Principle (UEP), establishing a three-way operational equivalence 

                                             . 

By modeling a massive particle as a localized quantum clock oscillating at its Compton frequency       
  ⁄ , 

the canonical Hamiltonian Legendre transform partitions total relativistic energy into an internal-clock component 

       and a motion-dependent time-dilation component. We demonstrate that physical acceleration forces a 

progressive de-excitation of internal quantum clock states, where internal phase depletion acts as an equivalent 

acceleration manifesting macroscopically as observable quantum phase shifts. Applying the Heisenberg energy–time 

uncertainty principle across the co-moving Rindler horizon demonstrates that the maximum acceleration amax 

corresponds to the complete evacuation of the clock to its vacuum ground state      . At this critical threshold, 

the Rindler horizon stabilizes precisely at the reduced Compton wavelength      ̅  , preventing geometric 

collapse into naked singularities. In the standard physical regime (      ), the framework reduces continuously 

to standard Special Relativity, General Relativistic weak-field potentials, and Newtonian kinetic dynamics. 

1. Introduction 

1.1. Commonalities between General Relativity and Quantum Mechanics 

Special Relativity (SR) and Quantum Mechanics (QM) describe nature through fundamentally disparate 

mathematical structures, yet both are built upon invariant constants that constrain physical observation. In relativity, 

the invariant speed of light c defines the causal structure, Lorentz invariance, and horizon formation in non-inertial 

frames. In quantum theory, Planck’s reduced constant ℏ defines quantum phase evolution, localization boundaries, 

and uncertainty limits [1]. Thus both theories contain observer-dependent operational limits: horizons in relativity 

restrict causal accessibility, while uncertainty relations in quantum mechanics restrict localized measurability. 

While Einstein’s Equivalence Principle successfully equates inertial and gravitational mass [2], it treats inertial 

resistance as an axiomatic, unexplained property of matter. On the contrary, quantum theory assigns intrinsic 

timescales to massive particles, characterized by the Compton frequency    associated with internal phase evolution 

and Zitterbewegung. The coexistence of these two descriptions, built upon fundamental constants       that 

characterize light and quantum action, suggests a deeper structural link. 

Historical attempts to formulate a Quantum Equivalence Principle (QEP) have primarily relied on number–phase 

complementarity and explicit phase formalisms [3,4]. However, because a unique, universally accepted Hermitian 

phase operator remains an ongoing challenge in infinite-dimensional Hilbert spaces, such models suffer from 
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operational ambiguities—particularly when approaching the ground state where phase variance diverges       . 

Alternative modern approaches, such as composite internal clock models [5,6], successfully demonstrate time-

dilation-induced decoherence but treat proper time and acceleration as passive background parameters. Geometric 

phase-space models [7] impose an acceleration ceiling kinematically without providing an underlying quantum state 

mechanism. 

In contrast, the framework presented here bypasses phase-operator formalisms entirely. By utilizing the canonical 

Legendre transform of relativistic energy, we isolate the internal clock Hamiltonian        and map its depletion 

directly onto the quantum harmonic oscillator spectrum. This replaces abstract phase operators with energy-time 

horizon uncertainty across the co-moving Rindler boundary, establishing      as an operational boundary protected 

by the zero-point vacuum floor    
 

 
   . 

1.2. Asymmetries in General Relativity and Quantum Field Theory 

Despite successful empirical implementations, General Relativity (GR) and Quantum Field Theory (QFT) 

demonstrate two key conceptual breaks: 

1. Kinematic Asymmetry in Relativity: SR strictly imposes an invariant and impassable limit on velocity 

   , while proper acceleration a remains infinitely unlimited      . For the Rindler horizon of an 

accelerated observer, infinite acceleration is permitted, and consequently the horizon is compressible to a 

mathematical point       , introducing unphysical geometric singularities and infinite energy densities. 

2. Passive Equivalence Principle: Einstein’s Equivalence Principle (EEP) establishes the kinematic 

equivalence between inertial mass    and gravitational mass   . However, it treats matter as a 

mathematically passive point-particle without explaining how a localized wavepacket internalizes non-

inertial frame transformations or accumulates quantum phase along proper-time gradients.  

2. Interpretation of a Micro-Physical Mechanism of Inertia 

Extending the kinematic symmetries of relativity requires re-evaluating foundational concepts—most notably 

inertia—to illuminate the physical origins of maximal acceleration bounds. Moving beyond the standard treatment 

of inertia as an unexplained, axiomatic property of mass, we propose a micro-physical foundation driven by 

temporal dynamics. Specifically, we model inertia as a consequence of finite gauge-field propagation delays across 

an extended, non-local particle profile, dynamically coupling internal field evolution to macroscopic acceleration. 

Quantum mechanics dictates that a particle with rest mass    is a localized matter wave characterized by its reduced 

Compton wavelength: 

 ̅  
 

   
 

The particle's internal state acts as a fundamental quantum clock cycling at the Compton frequency    
    

 
, with 

tick duration    
 

  
 

 

    . 

When an external force accelerates the wavepacket, gauge-field propagation constraints prevent instantaneous 

interaction across the extended profile. This temporal lag generates an internal spatial phase shear across the core. 

To maintain quantum coherence, the particle redistributes its internal energy, where external work covers only part 

of the relativistic energy transition while the internal clock readjusts its own phase velocity. Inertia can thus be 

considered the quantum-mechanical resistance of a localized matter wave maintaining internal phase coherence 

under frame transformations. 

3. Energy Decomposition in Canonical Hamiltonian Foundation 
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We can explicitly treat the point-particle Lagrangian as the center-of-mass expectation value of a field-theoretic 

stress-energy tensor integrated over spatial variance   
  , even when the particle is considered as an extended 

wavepacket. Thus, for a free particle of rest mass    moving with velocity   relative to an inertial lab frame, the 

standard relativistic Lagrangian   is: 

   
     

 
,where          ⁄     ⁄  

Performing a canonical Legendre transformation yields the total Hamiltonian energy  : 

       

where canonical momentum is       . The Legendre transform thus becomes: 

          ( 
   

 

 
)      

  
   

 

 
 

Using      (  
 

  ), the first term expands to     
  

    

 
 Re-substituting yields the canonical algebraic 

partition: 

                 

where: 

            
 ,        

    

 
    

 √  
  

   

4. The Transitional Energy Balance 

When external work      accelerates a particle from rest to velocity  , the time-dilation energy demand grows to a 

full            
 . The external work supplies exactly half of this energy demand in terms of kinetic kinetic 

work (     
 

 
   

  in non-relativistic limits), while the internal clock subsidizes the remaining component by 

depleting its rest reservoir       : 

          
 (  

 

 
) 

This provides a clear microscopic mechanism for inertia: mass resists acceleration because kinetic translation 

deforms the internal temporal structure of the quantum clock. 

5. Quantum Phase Interpretation & Atom Interferometry 

The observable phase evolution rate of the particle's wavepacket in the laboratory frame is governed by proper time 

τ: 

  

  
 

  

 
   √  

  

  
 

The observable internal clock energy corresponds directly to this reduced phase velocity: 
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        (
  

  
) 

In precision light-pulse atom interferometry [8], the accumulated path phase difference    between two split 

trajectories over duration   measures this clock depletion directly: 

   ∫(      
   

       
   

)

 

 

   

It is thus predicted that the interferometer directly records the energetic debt paid by the internal clock to support 

spatial translation. 

5.1. Symmetrical Reciprocal Exchange: Quantum-Phase-Driven Spatial Translation 

A foundational operational requirement of the Unified Equivalence Principle (UEP) is strict physical and 

mathematical reciprocity between external macroscopic kinematics and internal quantum states. While a 

macroscopic proper acceleration   drives an internal clock de-excitation     , any dynamic evolution or 

perturbation in the internal quantum phase    must reciprocally manifest as a physical, center-of-mass spatial 

displacement   . 

To establish this two-way operational equivalence without relying on non-Hermitian phase operators, consider a 

localized matter wave of rest mass    described in the position representation by a complex spatial wavepacket: 

                [
 

 
                   ] 

where R(x,t) is a real, square-integrable spatial envelope normalized such that ∫| |     ,          is the classical 

Hamilton-Jacobi action governing macroscopic motion, and           represents the internal Compton clock phase 

evolving along proper time τ. 

Applying the momentum operator  ̂     
 

  
 to the wavepacket state        yields: 

 ̂        (
    

  
  

     

  
   

    

  
)       

Evaluating the expectation value of canonical momentum 〈 ̂ 〉  ∫   ̂     decomposes the total momentum into 

macroscopic classical translation and a spatial phase-gradient term: 

〈 ̂ 〉  〈   〉   〈
     

  
〉 

If an internal clock perturbation or external field gradient generates an internal phase shear across the spatial 

envelope of variance     ̅ , we expand the phase field         to first order about the center of mass    〈 ̂〉: 

                 
     

  
|
  

       

Because spatial translations are generated by the momentum operator via the unitary operator  ̂     

   ( 
 

 
 ̂   ), applying the canonical commutation relation   ̂  ̂      directly couples shifts in internal phase 

gradient to shifts in center-of-mass position. Integrating the expectation value shift over the fundamental single-



 

5 
 

particle localization boundary—the reduced Compton wavelength  ̅  
 

  
—yields the exact center-of-mass 

displacement: 

 〈 ̂〉  ∫  ̅         ̅    

or in vector form:      
 

   
    ̅     

5.2. Physical Interpretation 

This relation proves that internal quantum phase evolution and macroscopic spatial position are canonically dual 

quantities bound by the particle's Compton scale: 

 In the Classical Continuum       ̅   : A massive internal phase rotation      produces an 

infinitesimal spatial translation     , continuously recovering standard classical mechanics where 

internal particle structure is completely decoupled from trajectory. 

 At the Quantum Horizon Scale      ̅  : A phase evolution of       forces a physical spatial 

translation of exactly one full Compton wavelength       ̅    . 

Consequently, an internal quantum phase shift cannot remain an abstract "internal" degree of freedom; under UEP, it 

mandates a physical recoil of the wavepacket in real space, ensuring full two-way symmetry between macroscopic 

kinematics and internal quantum clock states. 

6. Generalization via the Strong Equivalence Principle 

In General Relativity, a weak gravitational potential      deforms proper time relative to coordinate time at infinity 

via    √      ⁄   . The local proper-time deformation factor is: 

   
 

√  
  
  

   
 

  
 

Applying our canonical partition to a stationary particle resting in potential  : 

             
 √  

  

  
     

      

When a particle falls into a gravitational well      , its internal clock energy decreases (           ). By 

global energy conservation, this consumed clock energy converts directly into spatial translation energy (         
    ). 

The gradient of the clock energy yields the standard gravitational force: 

                 

Gravitational falling is thus a consequence of an operational energy conversion: a particle falls because it traverses a 

proper-time deformation gradient, converting internal phase velocity into spatial kinetic momentum. 

7. Extension 1: Invariant Maximum Acceleration      
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In classical Special Relativity, a uniformly accelerated observer with proper acceleration   experiences a Rindler 

horizon located at an instantaneous spatial distance [9]: 

   
  

 
 

As    , the classical horizon distance collapses unphysically to zero       . However, quantum mechanics 

dictates that a particle of rest mass    cannot be localized within a boundary smaller than its reduced Compton 

wavelength  ̅      ⁄ . 

To preserve causality and single-particle quantum localization, the causal Rindler horizon    cannot fall inside the 

wavepacket's spatial localization boundary  ̅ : 

    ̅  
  

 
 

 

   
 

Solving directly for proper acceleration establishes Extension 1: 

       
   

 

 
 

This establishes a fundamental, rest-mass-dependent invariant maximum acceleration     , resolving the kinematic 

asymmetry between bounded speed     and unbounded acceleration in spacetime. 

It is important to emphasize that      is defined via the scalar four-acceleration   √     
    (making it 

Lorentz-invariant) and that it acts as a single-particle state breakdown ceiling (analogous to the Schwinger limit), 

leaving sub-critical gravitational trajectories        perfectly mass-independent. 

8. Extension 2: Formulation and Regimes of the Unified Equivalence Principle (UEP) 

Einstein’s Equivalence Principle (EP) establishes the kinematic identity between uniform gravitational fields and 

mechanical acceleration                           . In this second extension, we generalize the EP into the 

quantum domain by linking macroscopic kinematic state changes directly to the spectrum of the particle's internal 

Compton clock. 

8.1. Quantum Clock Spectrum and Vacuum Limit 

We model the internal clock of a particle of rest mass    as a localized quantum oscillator of fundamental Compton 

frequency       
  ⁄ . The internal energy spectrum of this clock system is given by: 

   (  
 

 
)   ,      

According to standard Quantum Field Theory [1], the physical vacuum state possesses an irreducible zero-point 

energy floor: 

           
 

 
    

Consequently, the internal clock cannot be fully evacuated to absolute zero energy      . A complete collapse of 

internal phase evolution        represents an unphysical vacuum breakdown limit, forbidden by the Heisenberg 

uncertainty principle. 
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Equating our canonical accelerated clock energy      directly to this discrete quantum energy spectrum establishes 

the core operational equation of the Unified Equivalence Principle: 

     (     
 

 
)     

Solving explicitly for the effective quantum excitation level      yields: 

     
    

   

 
 

 
 

8.2. Physical Regimes of the UEP Spectrum 

Proper acceleration   acts as a quantum de-excitation operator on the internal clock phase. The discrete regimes of 

this spectrum establish an exact kinematic parallel between translational speed   and proper acceleration  : 

 Inertial Limit          : 

     
 

 
  ⇒            

  

The particle resides in its unperturbed ground state, corresponding to standard rest-mass energy. 

 Sub-Critical Acceleration           : 

       
 

 
 

The internal clock experiences fractional phase depletion. Macroscopically, this phase shear manifests as 

observable phase shifts in atomic interferometry and precision clock comparisons. 

 Asymptotic Vacuum Floor         : 

               
 

 
    

As proper acceleration approaches the critical limit     , clock energy asymptotically approaches the zero-

point floor   . Reaching        would require driving       
 

 
      , which violates quantum 

mechanical vacuum stability. 

Just as     represents an unreachable kinematic speed limit for massive bodies,      
    

 
 represents an 

impassable upper bound for proper acceleration, preserving kinematic symmetry across all physical regimes. 

8.3. Dual Interpretation: The Triplet Equivalence 

The UEP admits a dual, mutually symmetric physical interpretation depending on whether the internal phase 

perturbation is kinematically induced or externally excited: 

 Kinematic De-excitation       : 
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Macro-acceleration a alters the proper time interval along the particle trajectory, depleting the available 

phase rate of the internal Compton oscillator and reducing the effective excitation level     . 

 Quantum Excitation Equivalent Acceleration      
    

 
: 

Conversely, when an internal quantum transition occurs—such as an electronic energy shift       

      —the internal mass-energy of the system shifts (      
  

  ). This internal excitation alters 

the local phase-gradient profile      , creating an effective internal phase shift indistinguishable from a 

localized scalar acceleration: 

     
  

   

(
     

  
)     (

  

    ⁄
) 

 Unified Statement of the UEP: 

The Unified Equivalence Principle asserts that: 

                                                      

o Gravitational Potential     : Alters proper time metrics across space. 

o Kinematic Acceleration    : Alters proper time along the worldline. 

o Quantum Excitation     : Alters the internal rest-frame clock spectrum directly. 

All three phenomena are manifestations of a single underlying physical mechanism: the localized displacement of a 

particle's internal Compton clock phase relative to the unperturbed quantum vacuum floor. 

9. Quantum Horizon Saturation 

In non-inertial frames, the co-moving horizon light-crossing proper time is        ⁄    ⁄ . According to the 

Heisenberg energy–time uncertainty principle, the irreducible quantum energy fluctuation ΔE inserted across this 

horizon is: 

        
 

 
         

  

  
 

Equating the horizon energy fluctuation    to the remaining internal clock energy    
 

 
    

 

 
   

  at the 

ground-state boundary       recovers the critical acceleration scale: 

     

  
 

 

 
   

          
    

 
 

9.1. Horizon Stabilization vs. Singularities 

In classical General Relativity, infinite acceleration compresses the Rindler horizon to zero       . Under the 

UEP framework, evaluating     at the critical operational boundary        yields: 

       
  

    

 
 

   
  ̅  

The causal horizon stabilizes exactly at the reduced Compton wavelength, preventing geometric collapse into naked 

singularities. 
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9.2. Unruh Effect & Schwinger Field Realization 

At       , the horizon energy fluctuation matches the Unruh thermal bath scale    
  

     
 [10,11]: 

    
    

     

   
 

   
 

  
 

For an electron of charge   and mass    accelerated by an electric field      , setting proper acceleration     
      

  
  

equal to      
    

 
  yields: 

      
  

   

  
 

This reproduces the Schwinger critical field for vacuum pair production [12], confirming that Schwinger vacuum 

discharge occurs when external electric fields push particles to their invariant maximum acceleration     . 

9.3. Vacuum Protection Mechanism Against        

Why can a particle never reach the forbidden state    ? The physical mechanism preventing complete clock 

collapse is quantum vacuum instability (Schwinger pair production). As         , the co-moving Rindler 

horizon compresses toward the reduced Compton wavelength (    ̅ ), and the Unruh temperature felt by the 

particle reaches the thermal pair-creation threshold: 

        
  

At this boundary, the external accelerating field transfers its energy into creating new particle–antiparticle pairs from 

the vacuum rather than increasing the particle's proper acceleration. Vacuum polarization and Schwinger pair 

discharge thus act as a cosmic censor, shielding the internal clock from reaching     and ensuring        

holds universally for all physical matter. 

10. Reductions to Standard Physics 

The mathematical validity of the Unified Equivalence Principle (UEP) framework is established by its continuous 

reduction to standard physical theories across all non-critical operational limits. 

Physical Quantity Full UEP Framework Standard SR / GR Newtonian Limits 

Proper Acceleration Limit         
  ⁄      (Unbounded limit)     (Unbounded limit) 

Rindler Horizon Minimum         ̅       (Classical point collapse)      (Causal Flat Space) 

Internal Clock Energy                         
    Constant Rest Mass Energy 

Time Parameter Proper time τ Proper time τ Absolute Universal Time   

Vacuum State Protection Irreducible floor        ⁄  Classical continuum Classical continuum 

11. UEP Model vs. Canonical Quantum Gravity Programs 

Having established the mathematical framework of the Unified Equivalence Principle (UEP) and demonstrated how 

internal Compton clock de-excitation        enforces a mass-dependent acceleration ceiling         
  ⁄  

protected by the zero-point floor        ⁄ , it is essential to contextualize these results within the broader 

landscape of modern theoretical physics [13,7,14]. 



 

10 
 

Framework / Author Fundamental Mechanism      scale  Primary Physical Domain 

Canonical Quantum 

Gravity [13,15] 

Discreteness of spacetime geometry via 

area/volume operators. 

Universal Planck limit: 

   √    ⁄  

Spacetime metric quantization at 

         m. 

Lagrangian Phase 

Mechanics [14] 

Schrödinger-Hamilton phase 

consistency via relativistic Lagrangians. 

Continuous wave-packet 

field boundaries. 

Field dynamics, Maxwell/Dirac 

unification. 

8D Phase-Space 

Geometry [7,16] 

Modified 8-dimensional geometric 

metric in phase space. 

Geometric Limit:      
    

  ⁄  
Extended relativistic kinematics. 

This Work (UEP) 
Compton clock de-excitation       , 

Rindler horizon saturation. 

Operational mass ceiling: 

        
  ⁄  

Single-particle dynamics, 

vacuum protection,    floor. 

12. Operational Bounds and Experimental Proposals 

A central strength of the Unified Equivalence Principle (UEP) framework is that its predictions do not rely solely on 

unreachable Planck-scale phenomena (       GeV). Because the maximal proper acceleration scale      
    ⁄  is inversely proportional to rest mass, lighter fundamental particles possess lower acceleration thresholds. 

For an electron (                 ), the critical threshold is: 

    
   

              

which corresponds to an electric field threshold matching the Schwinger critical limit                    . 

Modern experimental facilities are rapidly approaching regimes where non-linear quantum electrodynamic (QED) 

effects, radiation reaction forces, and extreme proper accelerations intersect. Below, we propose two primary 

physical environments to test the clock de-excitation      and acceleration ceiling     . 

12.1. Ultra-Intense Laser-Plasma Interactions 

Recent advancements in petawatt (PW) and multi-petawatt ultra-short pulse laser systems (e.g., ELI, FACET-II, and 

Vulcan) routinely achieve focal intensities exceeding            , generating peak transverse electric fields 

         . At next-generation exawatt-class laser facilities (           ), electrons in relativistic plasma 

experience instantaneous proper accelerations approaching          . 

 Clock De-excitation and Emission Saturation: Classical electrodynamic radiation reaction models 

predict that single-particle synchrotron emission intensity scales continuously as     . Under the UEP 

framework, as       , the particle's internal clock state de-excites toward the zero-point floor   . 

Consequently, the single-particle emission spectrum should exhibit a non-linear phase-coherence saturation 

near       , deviating visibly from standard Landau-Lifshitz radiation reaction dynamics. 

 Pair-Production Threshold Anomalies: In conventional strong-field QED, non-perturbative electron-

positron pair creation occurs exponentially via               ⁄  . Under UEP, pair production acts as 

an explicit vacuum protection mechanism preventing the clock excitation state      from falling below 0. 

Measuring pair-yield saturation curves near peak field intensities will test whether pair production serves as 

a hard physical governor capping proper acceleration. 

12.2. Ultra-Relativistic Particle Storage Rings 

In circular storage rings (such as the Large Hadron Collider or proposed Future Circular Collider), charged particles 

experience continuous transverse centripetal acceleration         ⁄ . For ultra-relativistic electrons (     ), 

proper acceleration scales as     . 

 Rotational Quantum Phase Modifications: As demonstrated by [17], high rotational accelerations 

introduce measurable phase shifts in quantum clock systems. In precision electron storage rings, tracking 

the spin-precession frequencies (e.g., via the Thomas-BMT equation) across ultra-high Lorentz factors 
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provides an avenue for detecting subtle Lagrangian phase modifications prior to catastrophic horizon 

breakdown. 

 Decoherence Rates near the Rindler Horizon: According to [5,6], internal clock states dephase due to 

relativistic time dilation. The UEP predicts that near       , the co-moving Rindler horizon compresses 

to (    ̅ ), causing matter-wave packet coherence to decay sharply. Precision atom interferometers 

accelerated on centrifuge platforms offer a low-energy, highly controllable testing ground to probe this 

acceleration-induced decoherence boundary. 

13. Conclusion 

This work provides a unified, operational bridge between Special Relativity, General Relativity, and Quantum 

Mechanics anchored on two core extensions: 

 Resolution of Kinematic Asymmetry: Capping proper acceleration at         
  ⁄  removes 

unphysical horizon singularities and restores operational symmetry with the speed of light  . 

 Unified Equivalence Principle (UEP): Establishing that acceleration and gravitational fields act as 

quantum de-excitation operators      on internal Compton clocks provides a microscopic physical origin 

for inertia, gravitational falling, and atom interferometric phase shifts. 

Crucially, in all correspondence limits             , the framework reduces continuously to standard Special 

Relativity, General Relativistic gravitational potential mechanics, and Newtonian kinematics—proving that standard 

physics is the smooth, low-acceleration macroscopic boundary of a deeper quantum horizon mechanics. 

References 

[1] P. A. M. Dirac, The Principles of Quantum Mechanics, 4th ed., Oxford University Press, Oxford, 1958. 

[2] C. W. Misner, K. S. Thorne, J. A. Wheeler, Gravitation, W. H. Freeman, San Francisco, 1973. 

[3] L. Susskind, J. Glogower, Quantum mechanical phase and time operator, Physics Physique Fizika 1 (1) (1964) 

49–61. 

[4] D. T. Pegg, S. M. Barnett, Phase in quantum optics, Phys. Rev. A 39 (4) (1989) 1665–1678. 

[5] M. Zych, F. Costa, I. Pikovski, Č. Brukner, Quantum interferometric visibility as a witness of general relativistic 

proper time, Nat. Commun. 2 (2011) 505. 

[6] I. Pikovski, M. Zych, F. Costa, Č. Brukner, Universal decoherence due to gravitational time dilation, Nat. Phys. 

11 (8) (2015) 668–672. 

[7] E. R. Caianiello, Is there a maximal acceleration?, Lett. Nuovo Cimento 32 (3) (1981) 65–70. 

[8] H. Müller, A. Peters, S. Chu, A precision measurement of the gravitational redshift by the interference of matter 

waves, Nature 463 (7283) (2010) 926–929. 

[9] W. Rindler, Kruskal space and the uniformly accelerated frame, Am. J. Phys. 34 (12) (1966) 1174–1178. 

[10] W. G. Unruh, Notes on black-hole evaporation, Phys. Rev. D 14 (4) (1976) 870–889. 

[11] S. W. Hawking, Particle creation by black holes, Commun. Math. Phys. 43 (3) (1975) 199–220. 

[12] J. Schwinger, On gauge invariance and vacuum polarization, Phys. Rev. 82 (5) (1951) 664–679. 



 

12 
 

[13] A. Ashtekar, J. Lewandowski, Background independent quantum gravity: A status report, Class. Quantum 

Grav. 21 (15) (2004) R53. 

[14] E. Stefanescu, Theory of relativity and quantum mechanics as complementary parts of a unitary theory, Int. J. 

Recent Sci. Res. 10 (6) (2019) 33304–33319. 

[15] J. Stachel, Structure, space-time and quantum theory, in: C. Callender, N. Huggett (Eds.), Physics Meets 

Philosophy at the Planck Scale, Cambridge University Press, Cambridge, 2001, pp. 134–161. 

[16] E. R. Caianiello, Maximal acceleration as a consequence of Heisenberg's uncertainty relations, Lett. Nuovo 

Cimento 41 (11) (1984) 370–372. 

[17] H. Yu, et al., Rotational acceleration quantum response, Phys. Rev. D 111 (2026) L041702. 

 

 

 


