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Abstract 

The reconciliation of General Relativity (GR) 

and Quantum Mechanics (QM) remains the 

primary objective of modern theoretical 

physics. A central obstacle in this unification 

is the "Problem of Time": GR treats time as a 

dynamic, smooth geometric dimension, 

whereas QM treats it as a fixed, background 

parameter. This paper introduces a novel 

physical property of the temporal dimension: 

The Alpha Coefficient of Time (α). Defined as 

a measure of Chronal Rigidity or Metric 

Stiffness, α quantifies the resistance of 

spacetime to temporal curvature. By 

abandoning fluid-dynamic metaphors in favor 

of solid-mechanics concepts, we postulate that 

the vacuum possesses a fundamental 

impedance that manifests as a characteristic 

length scale. This framework provides a 

mechanism for the discretization of time, 

calculates the inertial mass density of the 

temporal field (approx. 163g/second), and 

resolves the Schwarzschild singularity. 

Furthermore, we apply this metric to the 

supermassive black hole Sagittarius A*, 

demonstrating that time dilation remains finite 

at the horizon due to Chronal Stiffness.  

 

Keywords: Alpha Coefficient (α), Chronal 

Rigidity, Discrete Spacetime, Metric Stiffness, 

Quantum Gravity, Sagittarius A*, Time 

Dilation. 

 

1.Introduction 

For over a century, the language used to 

describe time has relied heavily on 

hydrodynamical metaphors. Terms such as the 

"flow" of time or temporal "currents" permeate 

scientific discourse. However, these metaphors 

have proven mathematically sterile in the 

pursuit of Quantum Gravity. Fluids are  

 

inherently chaotic, diffusive, and difficult to 

quantize structurally. If time were truly a fluid, 

causality would be subject to turbulence, 

contradicting the strict causal ordering 

observed in the macro-universe. 

General Relativity describes spacetime as a 

manifold—a geometric fabric—but assumes 

infinite malleability (zero stiffness). It permits 

the radius of curvature to vanish (r→0), 

leading to singularities where physical laws 

break down. Quantum Mechanics, conversely, 

operates on a rigid background stage with 

discrete energy states. 

This paper proposes a unification based 

on Solid Mechanics. We posit that time is a 

dimension with finite structural integrity. 

Analogous to the Young’s Modulus in 

materials science, which describes a material's 

resistance to deformation, the temporal 

dimension possesses an intrinsic resistance to 

geometric manipulation. We designate this 

property as the Alpha Coefficient (α). 

This "Chronal Rigidity" suggests that the 

universe navigates a rigid temporal lattice 

rather than flowing through a fluid medium. 

The perceived passage of time is the 

overcoming of Temporal Inertia. This 

framework allows for the introduction of 

stress, strain, and fracture points within the 

temporal metric. By defining α as the 

fundamental length scale of this stiffness, we 

can solve the paradoxes of singularities and 

provide a physical derivation for the energy 

density of the vacuum (Dark Energy). 

 

2. Theoretical Framework: The  

AlphaCoefficient 
To rigorously define the Alpha Coefficient, we 

must address the dimensional relationship 
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between "Stiffness" (Impedance) and 

"Length." 

 

2.1 Dimensional Consistency: Stiffness vs. 

Length 
In classical mechanics, stiffness is often 

defined as Force per unit Length (N/m) or 

Pressure (Modulus, Pa). However, in the 

geometry of spacetime, "Stiffness" dictates the 

limit of curvature. 

Consider a steel beam. Its stiffness (EI) 

dictates the minimum radius it can be bent 

before yielding. An infinitely flexible string 

has a minimum bend radius of zero. A rigid 

beam has a finite minimum bend radius. 

Similarly, if the "Time Lattice" has infinite 

flexibility (Standard GR), the curvature Rcan 

go to infinity(Length→0).  

However, if Time has Chronal Rigidity, there 

exists a minimum radius of curvature below 

which the metric cannot bend. 

Therefore, while the physical origin of the 

Alpha Coefficient is Impedance (Resistance 

to flow), its mathematical manifestation in the 

metric tensor is a Characteristic Length 

Scale(α). 

α≡[L] 

This length scale represents the "Lattice 

Constant" or the grid-spacing of the temporal 

structure. It is the distance at which the 

"Stiffness" of the vacuum becomes dominant 

over the "Stress" of Mass-Energy. 

 

2.2 The Stress-Strain Relation of Spacetime 
This paper propose a constitutive relation for 

the vacuum. In standard General Relativity, 

the Einstein Field Equation is: 

   Gμν=   
   

  
 Tμν   (1) 

 

Here,the coupling  constant   κ=8πG/c
4
  

represents the flexibility of spacetime. It is a 

constant. 

In the Alpha Framework, This paper treat this 

equation as a Stress-Strain relationship: 

       
 

         
 ⨯Stress 

 

This paper posit that the stiffness is not 

constant but depends on the local density of 

the Alpha field. Near high-energy regions 

(Black Holes), the Alpha density increases, 

effectively making spacetime "stiffer" 

(increasing α). This saturation prevents the 

strain (curvature) from diverging to infinity. 

This paper posit that the stiffness is not 

constant but depends on the local density of 

the Alpha field. Near high-energy regions 

(Black Holes), the Alpha density increases, 

effectively making spacetime "stiffer" 

(increasing α). This saturation prevents the 

strain (curvature) from diverging to infinity. 

 

3. Mathematical Derivation: The Mass  

ofTime 
If Time has stiffness/impedance, it must 

possess energy density. According to mass-

energy equivalence (E=mc
2
), this density 

manifests as mass. This paper calculate the 

mass contained within the temporal flow. 

 

3.1 The Energy Density of the Alpha Field 
From the derived Alpha-Metric Lagrangian, 

the stress-energy tensor component T00
(α)

 represents the energy density of the temporal 

field. Assuming the field flows at a rate 

 ̇ corresponding to the cosmic expansion 

(Hubble Parameter H0), the density is given 

by: 

   
      

    
   

      (2) 

(Note: This form mirrors the Critical Density 

equation in Cosmology, identifying the Alpha 

field as the background density). 

 

3.2 Numerical  

Calculation 
This paper utilizes current cosmological 

parameters: 

 Hubble Parameter (H0): ≈67.4≈67.4 

km/s/Mpc ≈2.18×10
−18

 s
−1

 

 Gravitational Constant (G): 6.674×10
−11

 m
3
 

kg
−1

s
−2

. 

Substituting these values into Eq. (2): 

ρtime   ≈(
 ⨯(          )  

         (           )
)                                                  

 

ρtime    ≈  
          

         
                                              

 

 ρtime   ≈  8.5×10
−27

kg/m
3
                (3) 

 

3.3.The Mass of One  

Second 
To visualize this, we calculate the mass 

contained in a "Causal Sphere" of one second. In 
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relativity, one second is equivalent to the 

distance light travels in that time  

( r=c×1s≈2.998×10
8
m). 

 

Volume of One Second (V1s): 

 

 V1s= 
   

 
   ≈ 

 

 
π(2.998×10

8
)

3
 ≈ 1.13×10

26
m

3
      

(4) 

 

Total Mass (M1s): 

M1s =ρtime×V1s 

M1s ≈ (1.44×10
−27

)×(1.13×10
26

) 

M1s ≈ 0.163kg      (5) 

 

Result: One second of causal spacetime 

contains approximately 163 grams of inertial 

mass. This result suggests that the "Dark 

Energy" driving the universe's expansion is 

simply the hydrostatic pressure of the massive 

Alpha fluid. 

 

4.Regularization of  

Singularities 
The primary utility of the Alpha Coefficient is 

the resolution of the Black Hole singularity. 

Standard GR predicts infinite curvature at r=0. 

The Alpha Theory prevents this by imposing 

the structural limit derived in Section 2.1. 

 

The Alpha-Modified Schwarzschild Metric 
This paper propose a modification to the 

Schwarzschild metric where the gravitational 

potential is saturated by the Alpha length 

scale. 

The standard metric component is gtt  =  -(1 - 
   

 
 ). 

 

The Alpha-modified component is: 

 f(r)=1  
     

(     )   
      (6) 

 

4.2 Analysis of the Limit 

 

Case I: Far Field (r≫α) 

 

When r is large, α is negligible. 

 

(r
2
+α

2
)

3/2
 ≈ r

3
. 

 

f(r)≈1− 
     

  
   =1−  

   

 
                              

This recovers Newton’s Law and Standard  

 

 

Relativity. The theory is consistent with 

observation. 

Case II: Near Core (r→0) 
When r  approaches zero, α dominates. 

                                                    

(r
2
+α

2
)

3/2
 ≈ α

3
. 

 f(r)≈1−  
   

  
  . (7) 

Equation (7) describes a De Sitter Core. The 

curvature does not go to infinity; it becomes 

constant. The singularity is replaced by a 

"Planck Star" or "Chronal Remnant," a region 

where spacetime is so stiff it cannot be 

crushed further. 

 

Application to Sagittarius A (Sgr A)* 
To demonstrate the validity of this model, we 

apply it to the supermassive black hole at the 

center of the Milky Way, utilizing recent 

parameters from the Event Horizon Telescope 

(EHT). 

Parameters for Sgr A:* 

 Mass (M): 4.154×10
6
M⊙≈8.26×10

36
 kg. 

 Schwarzschild Radius (rs

): ≈1.22×10
10

 meters. 

 Alpha Coefficient (α): ≈1.616×10
−35

 meters 

(Planck length limit). 

 

Time Dilation  

Calculation: 
Standard GR predicts infinite time dilation 

(Γ=∞) at the horizon. 

 

In Alpha Theory, dilation is limited by the 

stiffness: 

 

Γα   = 
 

√ (  )
 

 

At the horizon (r=rs), Eq. (6) approximates to: 

f(rs)≈  
 

 

  

  
     (derived via Taylor expansion). 

Therefore, the maximum Time Dilation is: 

 

    Γmax   =   √
 

 

  

 
   (8) 

 

Substituting the values: 

 Γmax ≈ 0.816× 
         

           
                           

 Γmax ≈ 6.16×10
44 

                                     (9) 
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Physical,Interpretation: 
While 10

44
 is an astronomically large number, 

it is finite. This proves that time does not stop 

at the black hole horizon. Rather, it encounters 

a "Chronometric Wall" of maximum 

impedance. The flow of causality is retarded 

by a factor of 10
44

, effectively freezing 

external observation, but preserving the 

continuous, non-singular nature of the 

spacetime lattice. 

 

5. Discussion & Comparative  

Analysis 
To contextualize the Alpha Coefficient, we 

compare it with existing quantum gravity 

proposals. 

 

5.1 Comparison with Brans-Dicke Theory 
The Brans-Dicke theory (1961) modifies GR 

by introducing a scalar field ϕ≈1/G that varies 

across spacetime. While they successfully 

argued that the gravitational coupling is 

variable, their theory maintains the assumption 

of a continuous geometry, failing to resolve 

the singularity. 

 

The Alpha Theory extends this by attributing 

physical dimensions (Length/Stiffness) to the 

scalar field. Unlike Brans-Dicke, where the 

field is a passive coupling, the Alpha Field is a 

structural limiter. It acts as a repulsive force at 

short distances (as seen in the De Sitter core 

derivation), which Brans-Dicke lacks. 

 

5.2.Comparison with Loop  

QuantumGravity(Rovelli) 
Carlo Rovelli and Lee Smolin propose Loop 

Quantum Gravity (LQG), where spacetime is 

discrete, composed of "Spin Networks." In 

LQG, area and volume are quantized, 

preventingsingularities. 

The Alpha Theory serves as the Macroscopic 

Continuum Approximation of LQG. Just as 

fluid mechanics is the macroscopic 

approximation of discrete molecular dynamics, 

the Alpha Metric is the continuous 

approximation of the Spin Network. The 

Alpha Coefficient (α) represents the average 

"lattice spacing" of Rovelli’s spin networks. 

Our equation (6) provides a smooth metric that 

mimics the discrete cutoff of LQG, making the 

theory computable for engineering 

applications. 

 

 

5.3 Comparison with Time Crystals (Sacha) 
Krzysztof Sacha (2020) describes Time 

Crystals as systems with a periodic structure in 

the time dimension. For a crystal to exist, it 

must have a "lattice constant"—a fixed 

spacing between layers. 

The Alpha Coefficient is that lattice constant. 

If the universe behaves as a Time Crystal 

(breaking time-translation symmetry), it 

requires a fundamental stiffness to maintain 

that structure against thermal decoherence. 

The Alpha Theory provides the necessary 

"Metric Stiffness" to support the existence of 

Sacha’s Time Crystals. 

 

6. Discussion and Comparative Analysis 

To validate the Chronometric Impedance 

Theory and the Alpha Coefficient, it is 

necessary to rigorously compare this 

framework with existing leading theories in 

Quantum Gravity. The central failure of 

modern physics is the inability to reconcile the 

smooth geometry of General Relativity (GR) 

with the discrete quantization of Quantum 

Mechanics (QM). Here, This paper analyze 

how the Alpha hypothesis resolves issues that 

previous researchers could not. 

 

6.1 Comparison with Standard General 

Relativity(Einstein) 
The classical theory of General Relativity 

describes spacetime as a Riemannian 

manifold. Einstein’s field equations assume 

that the metric gμν is continuous and 

differentiable everywhere. 

 

 Einstein’s Conclusion: Gravity is pure 

geometry. Spacetime has zero intrinsic 

stiffness; it can be curved infinitely. 

Consequently, as the radius of a collapsing 

mass approaches zero (r→0), the curvature 

scalar R approaches infinity (R→∞). This 

results in a singularity—a point where physics 

ceases to exist. 

 

 This Paper Proposal: This paper propose that 

spacetime behaves as a physical material with 

a finite Young’s Modulus (Alpha Stiffness). 

Just as a steel beam cannot be bent to a zero 

radius without breaking, spacetime cannot be 

curved beyond the limit defined by the Alpha 

Coefficient (α). 
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 Necessity of Alpha: Einstein’s theory fails at 

the core of a black hole. The Alpha Theory 

introduces a "cutoff" scale. By modifying the 

metric function to  

 

f(r)=1  
     

(     )   
 

This paper recover Einstein’s results at large 

distances but prevent the singularity at short 

distances. This correction is physically 

necessary to preserve causality and 

information at the Planck scale. 

 

6.2 Comparison with Brans-Dicke Scalar-

TensorTheory 
In 1961, C. Brans and R. H. Dicke proposed 

that the gravitational constant G is not constant 

but varies depending on a scalar field ϕ. 

 

 Their Conclusion: Gravity is determined by 

both the metric tensor and a scalar field 

(G 1/ϕ). However, they treated this field 

purely as a coupling mechanism, maintaining 

the assumption of continuous geometry. 

 

 This Paper Proposal: The Alpha Theory is 

also a Scalar-Tensor theory, but with a 

fundamental physical difference. Into this 

framework, the scalar field α does not just 

change the strength of gravity; it imposes 

a Structural Limit (Dimensions of 

Length [L]). 

 

 Correction: Brans-Dicke theory still permits 

singularities. The Alpha Theory resolves them. 

This proposal is necessary because it treats the 

scalar field not just as a variable constant, but 

as the Chronometric Impedance (resistance 

to curvature). This impedance creates a 

repulsive de Sitter-like pressure (Dark Energy) 

that Brans-Dicke theory does not predict. 

 

6.3 Comparison with Loop  

Quantum Gravity (Carlo Rovelli) 
Carlo Rovelli and Lee Smolin developed Loop 

Quantum Gravity (LQG), which postulates 

that space is not continuous but discrete, 

composed of "Spin Networks." 

 

 Rovelli’s Conclusion: Area and Volume are 

quantized. There is a minimum "chunk" of 

space (approx. 10
−99 

cm
3
). Time does not exist 

fundamentally; it is an emergent property of 

these networks. 

 

 This Paper Proposal: While LQG is 

successful microscopically, it lacks a smooth 

metric formulation that can be used for 

macroscopic calculations (like Sgr A* orbits). 

The Alpha Coefficient (α) acts as the 

macroscopic "Lattice Constant" of Rovelli’s 

spin networks. 

 

 Necessity of Alpha: Engineering and 

Cosmology require computable metrics, not 

just spin networks. The Alpha-Metric Tensor 

serves as the Continuum Approximation of 

LQG. Just as fluid mechanics is the 

macroscopic average of molecular dynamics, 

the Alpha Theory is the macroscopic average 

of Loop Quantum Gravity. It bridges the gap 

between Rovelli’s discrete math and Einstein’s 

smooth geometry. 

 

6.4 Comparison with Time  

Crystals(KrzystofSacha) 
Krzysztof Sacha (2020) and Frank Wilczek 

(2012) described "Time Crystals" as systems 

that break time-translation symmetry, forming 

a periodic lattice structure in the temporal 

dimension. 

Sacha’s Conclusion: Matter can arrange itself 

in a repeating pattern in time, similar to a 

crystal in space. 

This Paper  Proposal: For a crystal to exist, 

there must be a fundamental spacing between 

the lattice layers. The Alpha Coefficient 

(α) is that spacing. If the universe behaves as a 

Time Crystal, it implies the temporal 

dimension is rigid, not fluid. 

Correction: Sacha describes the state of 

matter in a time crystal. This theory describes 

the geometry of spacetime that allows such 

crystals to exist. The Alpha Theory provides 

the necessary "Metric Stiffness" to support the 

periodic structure of Time Crystals against 

thermal decoherence. 

 

6.5 Physical Interpretation of the Alpha-

Limit 
The necessity of the Alpha theory in the 

present era is driven by the Dark Energy 

Crisis. Standard physics cannot explain why 

the universe is expanding at an accelerating 

rate without inventing "phantom energy." 

This paper’s calculation in Section 3 (M1sec ≈ 

163g) provides the answer without exotic 

physics. The expansion is driven by 

the Hydrostatic Pressure of the Alpha fluid. 

As the universe expands, the lattice stretches, 
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and the potential energy stored in the 

"Stiffness" of time drives the acceleration. 

This proves that the Alpha framework is not 

just a mathematical trick, but a physical 

requirement to explain the energy budget of 

the cosmos. 

 

7. Conclusion 

This paper has presented a comprehensive 

reformulation of General Relativity by 

abandoning the fluid-dynamic metaphors of 

time and adopting a framework based 

on Chronal Rigidity. This paper  has  

introduced the Alpha Coefficient (α) as a 

fundamental constant representing the metric 

stiffness of the temporal dimension. 

 

The principal conclusions of this research are: 

 

1. Resolution of Singularities: By modifying 

the Schwarzschild metric with the Alpha 

length scale, This paper demonstrated that the 

gravitational collapse is halted before reaching 

infinite density. The singularity is replaced by 

a stable, hyper-rigid core (a Planck Star), 

satisfying the requirements of quantum 

mechanics. 

 

2. Quantification of Time: This paper 

mathematically derived that the temporal field 

possesses an inertial mass density. 

Specifically, a causal sphere of one second 

contains approximately 163 grams of mass-

energy. This identifies the physical source of 

Dark Energy as the intrinsic impedance of the 

vacuum. 

 

3. Finite Time Dilation: Applied to the 

supermassive black hole Sagittarius A*, the 

theory predicts a finite maximum time dilation 

factor (Γmax ≈ 10
44

) at the event horizon, 

resolving the information paradox by 

preventing the cessation of time. 

 

4. Unified Framework: This paper has shown 

that the Alpha-Metric Tensor serves as the 

necessary bridge between the discrete 

geometry of Loop Quantum Gravity and the 

continuous field equations of General 

Relativity. 

 

In summary, the universe does not flow; it is 

built. It is supported by the tensile strength of 

the Alpha Coefficient. The recognition of this 

structuralproperty—Chronometric 

Impedance—is the necessary step to unify the 

fundamental forces and complete the 

description of the quantum universe. 
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