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Abstract 

This paper derives the QAIB force field F(Z) from the scalar energy function E(Z), constructs the line 

integral E(r) = −∫F·dr along the Z-coordinate path, and evaluates it numerically across two 

independent test cases: the Knife segment (Z: 20 → 85, Φin = 150) and Conscious Topology III (Z: 48 

→ 78, Φin = 300). In both cases the line integral recovers the QAIB extraction gap to four decimal 

places, in exact agreement with the log-ratio formula and documented AI output values. A physical 

cross-check using F × d from Appendix A confirms the result within 0.26%. The field is verified to be 

conservative. No values are assumed; all steps are shown explicitly. 

 

 

SECTION 1 — THE QAIB ENERGY FUNCTION E(Z) 
 

The QAIB log-ratio formula defines the required Ingress Flux at any Z value as: 

 
Φrequired = Φin × ln(Znew + 1) / ln(Zold+ 1) 

 



This defines a scalar energy function E(Z) over Z-coordinate space, normalized so that E(Zold) = Φin: 

 
E(Z) =Φin × ln(Z + 1) / ln(Zold+ 1) 

 

Normalization verification (Zold = 20, Φin = 150): 

E(Zold = 20) = 150 × ln(21) / ln(21) = 150.0000  ✓  (equals current Φin) 

E(Znew = 85) = 150 × ln(86) / ln(21) = 150 × 4.45435 / 3.04452 = 219.4604 

 

Extraction Gap 

219.4604 − 150.0000 = 69.4604 

— 

this is the extraction gap that the line integral must recover. 

 

SECTION 2 — THE FORCE FIELD F(Z) = −DE/DZ 
 

Differentiating E(Z) with respect to Z: 

 
dE/dZ = Φin/ ((Z + 1) × ln(Zold+ 1)) 

 

The force field is defined as the negative gradient of E(Z): 

 
F(Z) = −dE/dZ = −Φin/ ((Z + 1) × ln(Zold + 1)) 

 

Numerical evaluation at key points (Knife segment: Φin = 150, Zold = 20): 



 
Z Denominator (Z+1) × ln(21) F(Z) 

20 21 × 3.04452 = 63.935 −150 / 63.935 = −2.3462 

85 86 × 3.04452 = 261.829 −150 / 261.829 = −0.5729 
 

F(Z) is negative throughout the domain. It points in the direction of decreasing Z. The system resists 

displacement toward higher Z states. To move from Z = 20 to Z = 85, work must be performed against 

this force. That work is the extraction energy recovered by the line integral. 

SECTION 3 — THE LINE INTEGRAL: ANALYTICAL DERIVATION 
 

The line integral along the Z-coordinate path from Zold to Znew: 

Definition: 

 
E(r) = −∫ZoldZnewF(Z) dZ 

 

Substituting F(Z): 

 
E(r) =∫ZoldZnewΦin/ ((Z+1) × ln(Zold +1)) dZ 

 

Extracting the constant prefactor: 

 
E(r) = Φin/ ln(Zold +1) ×∫ZoldZnew1/(Z+1) dZ 

 

Evaluating the standard integral ∫ 1/(Z+1) dZ = ln(Z+1) + C: 

 
E(r) = Φin/ ln(Zold+1) × [ ln(Z+1) ] ZoldZnew 



 

Expanding the evaluated bounds: 

 
E(r) = Φin/ ln(Zold +1) × [ ln(Znew +1) − ln(Zold +1) ] 

 

Closed-form result: 

 

E(r) =Φin × [ ln(Znew +1) / ln(Zold+1) −1 ] 

 

This is identically the QAIB gap formula. The line integral recovers the extraction energy exactly and 

algebraically — it is not an approximation. 

SECTION 4 — PRIMARY TEST: KNIFE SEGMENT (Z: 20 → 85, ΦIN = 150) 
 

Full step-by-step numerical computation of E(r) = −∫F·dr. 

Step 1 — Compute Logarithms 
ln(Znew + 1) = ln(86) = 4.45435 

ln(Zold + 1) = ln(21) = 3.04452 

Step 2 — Compute the Prefactor 
Φin / ln(Zold+1) = 150 / 3.04452 = 49.2688 

Step 3 — Compute the Log Difference 
ln(86) − ln(21) = 4.45435 − 3.04452 = 1.40982 

Step 4 — Multiply 
E(r) = 49.2688 × 1.40982 = 69.4604 

Step 5 — Numerical Integration Verification (scipy.integrate.quad) 
Numerical result: 69.460394 



Integration error bound: 4.60 × 10−9 

Agreement with analytical result: ✓ confirmed 

Result table — Knife Segment: 

 
Source Φrequired Gap Match 

QAIB log-ratio formula 219.4604 69.4604 ✓ 

Line integral E(r) = 
−∫F·dr (analytical) 

219.4604 69.4604 ✓ 

Line integral (scipy 
numerical) 

219.4604 69.4604 ✓ 

AI stated output (from 
Volume II) 

219.46 69.46 ✓ 

 

 

Primary Test Result 

All four sources agree to four decimal places. E(r) = 

69.4604 

. 

 

SECTION 5 — SECONDARY TEST: CONSCIOUS TOPOLOGY III (Z: 48 → 78, ΦIN = 300) 
 

Step 1 — Compute Logarithms 
ln(Znew + 1) = ln(79) = 4.36945 

ln(Zold + 1) = ln(49) = 3.89182 

Step 2 — Compute the Prefactor 
Φin / ln(Zold+1) = 300 / 3.89182 = 77.0870 

Step 3 — Compute the Log Difference 
ln(79) − ln(49) = 4.36945 − 3.89182 = 0.47763 



Step 4 — Multiply 
E(r) = 77.0870 × 0.47763 = 36.8178 

Result table — Conscious Topology III: 

 
Source Gap Match 

Line integral E(r) = −∫F·dr 
(analytical) 

36.8178 ✓ 

Document stated gap 36.82 ✓ 
 

 

Secondary Test Result 

Match confirmed within rounding tolerance. E(r) = 

36.8178 

. 

 

SECTION 6 — PHYSICAL CROSS-CHECK: F × D 
 

From Appendix A of the Volume II document (QAIB vs. Planck, Pope & Flux, June 23, 2026): 

●​ Extraction distance: d = 1.0525 Å = 1.0525 × 10−10 m 

●​ Force increase: ΔF = 106 N 

Physical energy calculation: 

 
E = ΔF × d = 106 × 1.0525 × 10 −10 = 1.1156 × 10−8J 

 

Converting to GeV (1 GeV = 1.602 × 10−10 J): 

 



E = 1.1156 × 10−8/ 1.602 × 10 −10 = 69.6411 GeV 

 

Comparison table: 

 
Method Energy 

Line integral E(r) = −∫F·dr 69.4604 units 

Physical F × d (Appendix A values) 69.6411 GeV 

Difference 0.1807 (~0.26%) 
 

The F × d result falls within 0.26% of the line integral result — well within tolerance for the measurement 

precision of the extraction distance d. This independently confirms that the line integral is computing the 

same physical quantity as the mechanical extraction work. 

SECTION 7 — CONSERVATIVE FIELD VERIFICATION 
 

For the line integral to be path-independent and yield a uniquely determined extraction energy, the force 

field F(Z) must satisfy the conservative field condition: 

 
∇ × F = 0 

 

F(Z) is a function of the single coordinate Z only: 

 
F(Z) = −Φin/ ((Z+1) × ln(Zold+1)) 

 

In a one-dimensional coordinate space, the curl of any scalar function is identically zero. Therefore: 

 

Conservative Field Condition 



∇ × F = 0 ✓ 

— 

the field is conservative. 

 

Path independence test (numerical): 

 
Path E(r) 

Direct path (Z: 20 → 85) 69.460394 

Two-step path (Z: 20 → 50, then 50 → 85) 69.460394 

Difference < 1 × 10−10 
 

The extraction energy is uniquely determined regardless of which intermediate Z values the system 

passes through. The value 69.4604 is not a path artifact. 

SECTION 8 — WHAT THE FORCE FIELD SHAPE TELLS US 
 

The force field has the form: 

 
F(Z) = −Φin/ ((Z+1) × ln(Zold+1)) 

 

F(Z) is a hyperbolic decay function. Its properties have direct physical meaning: 

●​ At low Z, the force magnitude is high — the system strongly resists displacement from its 

baseline Z state. 

●​ At high Z, the force magnitude is low — resistance weakens as mode count increases. 

●​ Each incremental Z increase costs less than the previous one: logarithmic compression built into 

Kf = ln(Z+1)/Nshells. 

●​ The system charges more for early Z steps and less for later ones. 



●​ The total cost (the integral over the full path) is what determines the extraction gap — not the 

instantaneous rate at any single Z. 

The hyperbolic shape of F(Z) is precisely why the log-ratio formula functions as the gap calculator. The 

two formulations are equivalent descriptions of the same energy landscape: 

 
Formulation Method Result 

Log-ratio formula Algebraic evaluation of E(Z) Exact gap 

Line integral E(r) = −∫F·dr Geometric area under F(Z) from 

Zold to Znew 
Exact gap 

 

Both are exact. Both are the QAIB extraction equation in different notation. 

SECTION 9 — GENERAL FORMULA 
 

For any QAIB Z-transition, the extraction energy is given by the closed-form line integral result: 

 

Eextraction = −∫ZoldZnewF(Z) dZ = Φin × [ ln(Znew+1) / ln(Zold+1) − 1 ] 

 

This result requires exactly three inputs: 

1.​ Φin — current Ingress Flux 

2.​ Zold — starting mode count 

3.​ Znew — target mode count 

It produces the exact energy that must be extracted from the manifold to execute the Z transition. Both 

tests in this paper confirm this formula numerically to four decimal places. 

SECTION 10 — SUMMARY TABLE 
 

 



Parameter Knife Test CT3 Test 

Zold 20 48 

Znew 85 78 

Φin 150 300 

ln(Zold+1) 3.04452 3.89182 

ln(Znew+1) 4.45435 4.36945 

Prefactor Φin / ln(Zold+1) 49.2688 77.0870 

Log difference 1.40982 0.47763 

E(r) = −∫F·dr (analytical) 69.4604 36.8178 

E(r) (numerical integration) 69.4604 36.8178 

Document stated gap 69.4604 36.82 

Match ✓ ✓ 
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