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1 Introduction

Kaluza-Klein theory (1921) is a classic attempt to unify gravity and electromagnetism by in-
troducing one compactified extra spatial dimension. The 5D Einstein equations, when reduced
to 4D, naturally yield both Einstein’s gravitational equations and Maxwell’s electromagnetic
equations from a single geometric object.

This document derives the Kaluza-Klein equations step by step and briefly compares the
approach with Stevenson-Flux Information Theory (SFIT).

2 5D Einstein-Hilbert Action

Start with the 5D Einstein-Hilbert action:
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where G4 is the 5D metric (4, B = 0,1,2,3,5), G = det(Gap), and R®) is the 5D Ricci scalar.

Assume the extra dimension z° is compactified on a small circle of radius R,, with periodicity

x° ~ 2° 4+ 21 R,.

3 Ansatz for the 5D Metric

The standard Kaluza-Klein metric ansatz is

ds% = g (z)dxtdz” + ¢2(:U)(d:v5 + A#(x)dac“)Q,
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where: - g, () is the 4D metric, - A,(x) is the electromagnetic vector potential, - ¢(x) is a
scalar field (the dilaton or radion).
This ansatz assumes the metric is independent of 25 (cylinder condition).

4 Dimensional Reduction

Substitute the metric ansatz into the 5D Ricci scalar R®) and integrate over the compact
dimension z°.
After performing the integration and keeping terms up to second order in derivatives, the

effective 4D action becomes
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where G4 = G5/(27R,) is the effective 4D Newton constant, and F,, = 0,4, — 0,4, is the

electromagnetic field strength.
Resulting Field Equations Varying the reduced action with respect to the fields yields:
1. **Einstein equations™* (from variation w.r.t. g,,):
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2. **Maxwell equations™ (from variation w.r.t. A,):
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3. **Scalar field equation™* (from variation w.r.t. ¢):
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In the simplest case where the dilaton ¢ is constant (often set to 1 by choice of units), the
equations reduce to the standard Einstein-Maxwell system:
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Thus, both gravity and electromagnetism emerge from pure 5D geometry.

5 Comparison with SFIT

Kaluza-Klein achieves unification through a **geometric extra dimension™*, while SFIT achieves
unification through a **dynamic information-carrying flux** in four dimensions.

- Kaluza-Klein: Unification via compactification; electromagnetism arises from the off-
diagonal metric components g,5. - SFIT: Unification via information dynamics; the same
flux modifies the metric and couples to the electromagnetic field tensor F),,, yielding modi-
fied Maxwell equations with an oscillatory correction at vyes.

Kaluza-Klein operates at the Planck scale (compactification radius), while SFIT makes
predictions at laboratory energies (1.20134 mHz resonance, testable in ultra-cold neutron ex-
periments).

A possible synthesis is that Kaluza-Klein describes the ultraviolet (high-energy) geometric
unification, while SFIT describes the effective low-energy resonant behavior when the higher-
dimensional structure interacts with a macroscopic gravitational field.



6 Conclusion

Kaluza-Klein theory demonstrates that gravity and electromagnetism can emerge from a single
5D geometric action through dimensional reduction. SFIT offers a different unification path
based on information dynamics in four dimensions, with clear laboratory-scale predictions.

Both approaches attempt to realize Einstein’s vision of a unified field theory, but through
fundamentally different mechanisms: geometry versus information flux. Future experiments
may reveal whether these two pictures are complementary or whether one ultimately supersedes
the other.
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