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Abstract

This hypothesis investigates the application of the McGinty Equation to fractal quantum electrodynamics
(OED), proposing that photon propagation and electromagnetic interactions exhibit fractal properties. The
primary objective is to understand how fractal geometry influences the behavior of photons and the dynamics
of electromagnetic fields, providing new insights into light-matter interactions and the nature of electromagnetic

phenomena at quantum scales.

Introduction

Quantum electrodynamics (QED) is the fundamental theory
describing the interaction of light and matter. Traditionally,
QED is formulated in smooth spacetime, but this hypothesis
extends the framework to include fractal dimensions. By
applying the McGinty Equation, we aim to explore how fractal
geometry affects photon propagation and electromagnetic
interactions, potentially revealing new principles governing
QED processes.

Mathematical Framework
Fractal-modified Maxwell’s Equations

V-E=p/e0- [x|"d_f

V-B=0-|x|"d_f

VxE=-dB/adt- [x|"d_f

VxB=pu_0)+ u 00 dE/at. |x|"d_f
Fractal-modified Quantum Electrodynamics Action
S=[d x (-1/4 F_pv FApy + yiiliy pn D_p - m)y) . [x|(D-
d_f)

Fractal-modified Wave Equation for Photons
oA p=p 0J"p. |x|Ad_f

Expected Results
Photon Propagation
AMu(t,x) a |x|Ad_f

Electromagnetic Field Correlation Functions
A_X)A_v(0)> ~ [x|*(-2(D-d_f))

Scattering Cross-Sections
6(E) ~E~(2(d_f-D)/d_1)

Experimental Proposals

1. Photon Scattering Experiments: Investigate deviations
from standard QED predictions in photon scattering
experiments for fractal signatures.

2. Electromagnetic Field Studies: Measure the behavior of
electromagnetic fields in various materials to detect fractal
influences.

3. Quantum Optics Experiments: Study the propagation
of light through fractal-shaped optical setups to observe
fractal effects.

4. Cosmic Photon Observations: Analyze the propagation of
cosmic photons to detect fractal structures in their paths.

Computational Tasks
Simulation of Fractal QED Systems: Implement
simulations to model the behavior of photons and
electromagnetic fields with fractal dimensions.

2. Monte Carlo Methods: Use Monte Carlo integration to
study the properties of fractal-modified QED interactions.

3. Numerical Solutions: Solve the fractal-modified
Maxwell’s and wave equations for photons numerically.

Theoretical Developments Needed

*  Develop a comprehensive theory of fractal QED.

* Extend existing QED models to incorporate fractal
dimensions.

*  Formulate new mathematical tools to describe fractal-
modified electromagnetic interactions.
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Key Research Focus Areas

e Precision measurements of photon propagation and
scattering in fractal-modified systems.

*  Development of mathematical models for fractal QED.

»  Experimental validation of fractal patterns in photon and
electromagnetic field interactions.

e Theoretical work on integrating fractal dimensions with
QED.

Conclusion

This hypothesis proposes a novel framework for understanding
quantum electrodynamics and photon propagation through
fractal dimensions. By exploring the unique properties of
electromagnetic interactions, we aim to uncover hidden
aspects of light-matter behavior, providing new insights into
the fundamental nature of photons and electromagnetic fields.

References

1. McGinty, C. (2023). The McGinty Equation: Unifying
Quantum Field Theory and Fractal Theory to Understand
Subatomic Behavior. International Journal of Theoretical
& Computational Physics, 5(2), 1-5.

2. Feynman, R. P. (2006). QED: The strange theory of light
and matter. Princeton University Press.

3. Schwinger, J., DeRaad Jr, L. L., Milton, K. A., & Tsai, W.
Y. (1998). Classical electrodynamics. Perseus Books.

4. Mandelbrot, B. B. (1982). The Fractal Geometry of
Nature. W. H. Freeman and Company.

5. Nottale, L. (2011). Scale Relativity and Fractal Space-
Time: A New Approach to Unifying Relativity and
Quantum Mechanics. Imperial College Press.

6. Calcagni, G. (2010). Fractal universe and quantum gravity.
Physical Review Letters, 104(25), 251301.

7. Peskin, M. E., & Schroeder, D. V. (1995). An introduction
to quantum field theory. Westview Press.

8. Weinberg, S. (1995). The quantum theory of fields. Vol. 1:
Foundations. Cambridge University Press.

9. Cohen-Tannoudji, C., Dupont-Roc, J., & Grynberg, G.
(1997). Photons and atoms: introduction to quantum
electrodynamics. Wiley-VCH.

10. Jaffe, A., & Witten, E. (2006). Quantum Yang—Mills
theory. The millennium prize problems, 129-152.

11. Zinn-Justin, J. (2002). Quantum field theory and critical
phenomena. Oxford University Press.

12. ‘t Hooft, G., & Veltman, M. J. G. (1972). Regularization
and renormalization of gauge fields. Nuclear Physics B,
44(1), 189-213.

13. Dyson, F. J. (1949). The radiation theories of Tomonaga,
Schwinger, and Feynman. Physical Review, 75(3), 486.

14. Dirac, P. A. M. (1927). The quantum theory of the
emission and absorption of radiation. Proceedings of the
Royal Society of London. Series A, Containing Papers of
a Mathematical and Physical Character, 114(767), 243-
265.

15. Lamb Jr, W. E., & Retherford, R. C. (1947). Fine structure
of the hydrogen atom by a microwave method. Physical
Review, 72(3), 241.

16. Bethe, H. A. (1947). The electromagnetic shift of energy
levels. Physical Review, 72(4), 339.

17. Scully, M. O., & Zubairy, M. S. (1997). Quantum optics.
Cambridge University Press.

18. Mandel, L., & Wolf, E. (1995). Optical coherence and
quantum optics. Cambridge University Press.

19. Aspect, A., Grangier, P, & Roger, G. (1982).
Experimental realization of Einstein-Podolsky-Rosen-
Bohm Gedankenexperiment: a new violation of Bell’s
inequalities. Physical Review Letters, 49(2), 91.

20. Haroche, S., & Raimond, J. M. (2006). Exploring the
quantum: atoms, cavities, and photons. Oxford University
Press.

Copyright: ©2025. Chris McGinty. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in anymedium, provided the
original author and source are credited.

1J T C Physics, 2025

www.unisciencepub.com

Special Issue | 2 of 2



