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Introduction

This section provides a detailed step-by-step derivation of how the classical Schwarzschild metric is discretized

in the 3D+3D framework, eliminating singularities and introducing three temporal dimensions.

Step 1: The Classical Schwarzschild Metric

1.1 Definition

The Schwarzschild metric is a solution to Einstein's equations describing spacetime around a static spherical

mass (non-rotating black hole).

In continuous coordinates, the metric is:

{ ds? = -f(r)cde + f(r)'dr + r2dQ? }

Where the metric function is:

[ f(r)=1-2GM/(c*r)=1-1_s/r }

With:

e r: radial distance from center
e G: universal gravitational constant (6.67x107"" N-m?*kg?)

M: black hole mass

c: speed of light (3x10% m/s)

r_s = 2GM/c*: Schwarzschild radius

dQ? = dO> + sin’0 d¢?: angular element



1.2 The Singularity Problem
Forr — 0, f(r) — -0, creating a singularity with:
e Infinite density

¢ Infinite curvature

e Breakdown of physical laws

Step 2: Discretization of the Radial Coordinate

2.1 Introducing the Lattice

In the 3D+3D model, space is discretized in units of Planck length:

[ 1 p="(hG/c*) =1.616 x 10 m

2.2 Discrete Radial Coordinate

We define:

[ n=r1/l p

Where n € N is an integer representing the number of Planck cells from the center.

2.3 Implications
e rcan only take values: r=n-l p
e Minimum Ar =1 _p (no infinitesimals)

e BH center: n=n_min > 1 (never zero!)

Step 3: Discrete Metric Function

3.1 Conversion

The continuous function:

[ fry=1-r_s/r

Becomes discrete:



[ f dn)=1-r_s/(n'1 p)

3.2 Central Condition

To avoid divergences, we define:

[ n_min = max([r_s/l p], 1)

Therefore:
e Ifr s>1 p:n min=r_s/l p(large BH)

e Ifr s<I p:n min=1 (quantum BH)

3.3 Behavior

[ f d(n_min) =1-1_s/(n_min-1_p) = finite!

No singularity!

Step 4: Introduction of Three Temporal Dimensions

4.1 3D+3D Framework

Instead of a single time t, we have:

e T:: main causal time (always forward)
e T2: first lateral temporal dimension

e 73 second lateral temporal dimension

4.2 Extended Temporal Metric

The temporal part -f(r)c?dt* becomes:

[ -f d(n)[c*dti®> + a. BH(n)dt.* + B BH(n)dts?]

Where o BH(n) and B_BH(n) modulate the contribution of extra dimensions.




Step 5: Temporal Modulation Coefficients

5.1 Functional Form

The coefficients decay exponentially from the center:

o BH(n) =a_oo - exp(-(n - n_min)/A2)
B _BH(n) =B o - exp(-(n - n_min)/As)

5.2 Parameters

e @_oo, B_oo: asymptotic values (far from BH)
e h2~r_s/l_p: horizon scale

o 2 ~"(r_s'1_p)/l_p: quantum scale

5.3 Physical Interpretation
e Near center (n ~n_min): a_BH, B_BH ~ 1 (strong temporal mixing)

e Faraway (n >>n_min): o BH, B_BH — 0 (recovers classical 1D time)

Step 6: Complete Discretized Metric

6.1 Final Form

ds? = -f d(n)[c*dn: + 0. BH(n)dt22 + B_BH(n)dts?]
+f d(n)'(An‘1_p)? + (n'1_p)*PAQ?

6.2 Discrete Differentials
e An: discrete jump in radial units
e A discrete jumps in temporal dimensions

e AQ: angular variation (can remain continuous or be discretized)

Step 7: Singularity Elimination - Verification

7.1 Density at Center

[ p(n_min) = M/V(n_min) = M/(4n/3-(n_min-1_p)*)




Forn_min > 1:

[ p_max < M/(4n/3-1 p*) =M-c*/(4n/3-hG) = m_p/l p?

Finite!

7.2 Curvature at Center

[ R(n_min) ~ 1/(n_min-l p)*<1/1 p?

Finite!

7.3 Comparison with Classical Case

' Quantity Classical (r—0) 3D+3D (n=n_min)
Density 00 <m p/l p?
Curvature 00 <UL p?

f(r) or £ d(n) -00 Finite
Proper time Stops Continues in 12, s

Step 8: Numerical Example
8.1 Stellar Black Hole
ForM=10M _O:

e r s=2GM/c* =30 km
e n min=r_ s/l p=10%

e Atcenter: p~107¢p Planck
8.2 Quantum Black Hole
ForM =m_p:

e rs=2lp
e n_ min=2

e Atcenter: p~0.125 p_Planck

Both finite!



Step 9: Physical Implications

9.1 Information

With finite n_min, the number of quantum states is:

[ N_states = (211_max + 1)(2t2_max + 1)(213_ max + 1) <o }

Information can be preserved!

9.2 Thermodynamics

Entropy becomes:

[ S =k B In(N_states) = finite }

9.3 Evaporation
When M — m_p:
e n_ min—1
e BH reaches minimum size

e Stable remnant of mass ~m_p

Conclusion of the Pedagogical Section

This step-by-step derivation shows how discretization in 3D+3D theory:

1. Naturally eliminates singularities through n_min > 1

2. Introduces three temporal dimensions that enrich the causal structure
3. Keeps physical quantities finite everywhere

4. Preserves information in finite discrete states

5. Predicts stable remnants of mass ~m_p

All steps are mathematically rigorous and physically motivated by the empirically validated 3D+3D framework.

Pedagogical Note: This section can be used to introduce students and researchers to the concepts of 3D+3D

theory applied to black holes, before proceeding with the more advanced derivations presented in subsequent



sections.



