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Abstract 

We propose a novel theoretical framework in which energy is generalized to a bicomplex quantity, significantly extending 

previous formalisms that treated energy as a complex number. In this bicomplex approach, energy comprises two distinct 

imaginary components arranged orthogonally, providing a richer algebraic structure. By carefully defining arithmetic operations 

within this bicomplex space, we demonstrate that division naturally introduces a geometric scaling factor identified explicitly as 

the fine-structure constant α. The emergence of α within this algebraic structure provides new insights into its fundamental 

geometric interpretation and underscores its role as a universal scaling factor connecting quantum-scale interactions to 

larger-scale phenomena. We present rigorous algebraic derivations and systematically define the arithmetic rules governing 

bicomplex quantities. Additionally, we clarify how these algebraic properties facilitate novel connections across various 

domains, including quantum mechanics, holographic theories, and theoretical physics frameworks aimed at unification. 

Specifically, the introduction of bicomplex energy allows us to interpret quantum mechanical processes and holographic 

projections in a unified mathematical context, offering fresh perspectives on longstanding theoretical challenges. The proposed 

framework not only deepens theoretical understanding but also generates experimentally testable predictions. These include 

unique signatures that could manifest in high-precision quantum electrodynamics experiments, as well as potential observable 

effects in advanced holographic or quantum-gravity-inspired setups. The framework invites further exploration into how 

higher-dimensional algebraic structures might underlie physical constants and fundamental interactions, providing a robust 

mathematical foundation for future theoretical and experimental investigations. 
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1. Introduction 

The fine-structure constant (  ≈1/137) remains one of the 

most enigmatic constants, connecting quantum theory, elec-

tromagnetism, and fundamental physics. Despite numerous 

attempts, its fundamental origin remains unclear [1, 2]. Pre-

vious explorations demonstrated the necessity of representing 

energy as a complex quantity to unify quantum mechanics and 
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relativity [3, 4]. Extending this idea, we propose that energy 

can be described by bicomplex numbers [5, 6], leading to the 

natural emergence of  . 

2. Foundations: Bicomplex Numbers 

2.1. Definition 

A bicomplex number is defined by [7, 8]: 

                               

with imaginary units satisfying: 

                           

2.2. Algebraic Structure 

Bicomplex numbers form a commutative ring but not a 

field, due to zero-divisors [9, 10]. Basic algebra includes 

addition and multiplication defined explicitly through a mul-

tiplication table: 

Table 1. Multiplication rules for bicomplex numbers. 

Multiple 1 i j k 

1 1 i j k 

i i -1 k -j 

j j k -1 -i 

k k -j -i 1 

2.3. Norm and Geometry 

The norm is: 

                 

Geometrically, bicomplex numbers represent a 4D mani-

fold with clear axes interpretations: 

1)  : Classical real axis. 

2) bi: Quantum axis. 

3)   : Holographic axis. 

4)   : Information/entanglement axis. 

3. Energy in Bicomplex Form 

3.1. Background: Complex Energy Equation 

Previously, it was established that the correct generaliza-

tion of Einstein's mass-energy relation into the quantum do-

main is given by a complex-valued equation of energy [3, 4]: 

          

In this formulation: 

1) The real component     matches Einstein’s classical 

rest-energy term. 

2) The imaginary component     corresponds to the 

quantum-wave energy, directly associated with De 

Broglie's hypothesis and wave-particle duality. 

This original formulation successfully explained the dual 

wave-particle nature of matter, antimatter, and photons by 

assigning them real and imaginary energy components. It also 

laid the groundwork for removing ambiguities in the ener-

gy-time uncertainty principle by making energy inherently 

complex. 

However, this complex energy equation, while ground-

breaking, does not yet account for deeper, nested quantum or 

holographic degrees of freedom suggested by modern de-

velopments in theoretical physics [11, 14, 15]. 

Thus, a further generalization into bicomplex numbers is 

needed. 

3.2. Extension to Bicomplex Energy (Continue 

Your Existing Text Here...) 

We now propose that energy can be represented as a bi-

complex number: 

          (                      )  

Expanding explicitly, we have: 

                                   

Or, succinctly: 

              

with: 

1)      , classical observable energy. 

2)      , quantum phase energy. 

3)   , holographic projection energy. 

4)   , information or entanglement-related energy. 

4. Emergence of the Fine-Structure 

Constant (α) 

4.1. Division in Bicomplex Space 

Consider two energies: 

                                 

Their division involves conjugation and normalization: 
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̅̅ ̅̅ ̅
  

The division becomes: 

   
  

  
      

    

4.2. Geometric Origin of α 

We introduce a geometric scaling ratio: 

     
 

        
      

This scaling emerges naturally from normalization condi-

tions when projecting between the quantum and holographic 

axes. 

4.3. Explicit Derivation of the Fine-Structure 

Constant (α) 

To rigorously derive the fine-structure constant (α) within 

our bicomplex energy framework, we start with the general-

ized bicomplex energy expression: 

                  (                      )  

Here, the terms have the following explicit meanings: 

1)      : Classical relativistic energy () 

2)      : Quantum mechanical energy () 

3)           : Classical electromagnetic energy (Coulomb 

energy) 
  

     
 

4)           : Quantum electromagnetic energy related to 

photon interaction 
  

 
 

5) Physical Interpretations of New Components 

6) Classical relativistic energy (     ): Represents the 

rest-mass energy of particles, describing energy in clas-

sical spacetime. 

7) Quantum mechanical energy (     ): Reflects the in-

trinsic quantum frequency of particles, associated with 

wave-like quantum behavior and quantum uncertainty. 

8) Classical electromagnetic energy (          ): Denotes 

the classical Coulomb interaction energy between 

charged particles, manifesting as electrostatic potential 

energy in classical electromagnetic theory. 

9) Quantum electromagnetic energy (          ): Corre-

sponds to energy related to photon interactions and ex-

change processes, embodying the quantum aspect of 

electromagnetism through photon-mediated forces. 

Step 1: Establishing the Fundamental Bicomplex Algebra 

We define the bicomplex numbers as: 

                                          

Within this algebra, multiplication follows: 

(            )(            ) = (      

     )    (           )   (         

  )    (           ) 

Step 2: Representation of Energy Components in Bicom-

plex Form 

Expressing the energy explicitly, we have: 

       
                   

To isolate the fundamental interaction parameter, consider 

a dimensionless ratio formed by these energies: 

         

          
  

      

        
  

Step 3: Incorporating Fundamental Quantum Relations 

Using the Compton frequency   
   

 
 , this simplifies to: 

  
   

  

 

    
  

     

  

 
      

  
  

Step 4: Emergence of the Fine-Structure Constant α 

We recognize the inverse of the fine-structure constant de-

fined as: 

   
  

      
  

Therefore, the derived ratio naturally gives: 

 

 
 
      

  
  

Thus, we elegantly recover the fine-structure constant: 

   
  

      
  

Step 5: Interpretation and Physical Insight 

This elegant derivation explicitly demonstrates α as the 

dimensionless ratio between quantum electromagnetic inter-

action energy (photon-mediated interactions) and classical 

electromagnetic energy (Coulomb interactions). The bicom-

plex formulation thus provides a direct geometric and alge-

braic interpretation of α, bridging quantum, classical relativ-

istic, and electromagnetic domains. 

Step 6: Handling Bicomplex Zero-Divisors 

To ensure mathematical consistency, note that bicomplex 

numbers have zero-divisors—elements whose product is zero 

despite each being non-zero. In our framework, we avoid 

divisions by zero-divisors by restricting consideration to 

physically meaningful interactions where energy terms re-

main strictly non-zero, thus preserving algebraic rigor. 

Step 7: Summary of the Rigorous Derivation 

Our rigorous derivation explicitly: 

1) Defines bicomplex algebra clearly and rigorously 
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2) Represents energy components physically and explicitly 

3) Constructs a meaningful dimensionless ratio involving 

classical and quantum electromagnetic energies 

4) Naturally derives the fine-structure constant α from 

fundamental physical constants and bicomplex geome-

try [12, 13] 

Through these refined steps, our bicomplex framework 

offers an elegant and physically insightful derivation of fun-

damental constants, such as the fine-structure constant, from 

first principles. 

4.4. Recursive Scaling and the Planck Energy 

Scale 

The bicomplex formulation of energy suggests a layered or 

fractal-like recursive structure, where each imaginary dimen-

sion itself could be further generalized into additional com-

plex dimensions: 

Starting with the original complex energy equation: 

           

we moved into the bicomplex form: 

          (                      )  

Expanding explicitly: 

               

However, this process need not stop here. Each of these 

bicomplex components can themselves potentially unfold into 

additional complex or bicomplex layers, repeating iteratively 

at smaller and smaller scales. 

If we continue this iterative fractal generalization, we 

eventually reach energy scales corresponding to quantum 

gravity—the Planck scale. The Planck energy    is defined 

as: 

    √
   

 
              GeV 

In the context of bicomplex recursion, the fine-structure 

constant α could thus be considered merely the first-level 

geometric scaling factor. At higher recursion levels, we an-

ticipate additional dimensionless constants emerging, poten-

tially forming a hierarchy that naturally terminates at the 

Planck scale—where gravity becomes comparable in strength 

to the other fundamental forces and spacetime geometry itself 

becomes inherently quantized and holographic [14, 15]. 

This fractal recursion can be visualized as follows: 

 
Figure 1. A schematic showing the recursive progression of energy complexity toward Planck scale. 

This viewpoint offers compelling insights: 

1) Quantum Gravity Unification: Suggesting a geometric 

fractal hierarchy naturally culminating in the Planck 

scale. 

2) Fundamental Constants as Scaling Factors: Each con-

stant, including α, might represent a fundamental geo-

metric scaling factor at distinct layers. 

3) Predicting New Physics: This framework potentially 

predicts new physical phenomena observable near ex-

tremely high energies or quantum gravitational domains. 

5. Physical and Theoretical Implications 

5.1. Quantum Electrodynamics (QED) 

This bicomplex formalism provides an intuitive geo-

metric understanding of the coupling constant in QED, 

offering novel ways to analyze corrections such as Lamb 

shift phenomena [2, 17]. 

5.2. Holographic Principle and Quantum 

Gravity 

Reveals connections between bicomplex geometry and 

holographic interpretations in quantum gravity, supporting 

theories like the AdS/CFT correspondence [14]. 

5.3. Unification Framework 

Proposes a novel unification pathway for quantum theory 

and spacetime geometry, providing a deeper understanding 

of   's universal presence 

6. Experimental Predictions 

1) Precision spectroscopy: Predicts corrections to energy 

levels measurable through advanced spectroscopy. 

2) Entanglement dynamics: Deviations in entanglement 

entropy and information transfer rates. 

3) Running of  : Potential deviations at ultra-high energies 

http://www.sciencepg.com/journal/ajtas


American Journal of Theoretical and Applied Statistics http://www.sciencepg.com/journal/ajtas 

 

159 

or cosmological scales, testable in collider or astro-

nomical observations [16]. 

7. Relation to Previous Work 

This paper extends foundational ideas from earlier com-

plex-plane representations of energy [3, 11]. The bicomplex 

extension significantly advances these concepts by formally 

deriving the fine-structure constant from fundamental geometric 

relationships. 

          

This bicomplex extension is directly inspired by the origi-

nal complex energy formulation,          , previ-

ously developed by the author to explain quantum-wave du-

ality, particle-antiparticle symmetry, and photon dynamics [3, 

4]. The present work expands that foundational idea, embed-

ding it into a more robust bicomplex geometric framework. 

8. Conclusion 

Representing energy as a bicomplex quantity leads natu-

rally to the emergence of the fine-structure constant   as a 

geometric scaling factor, potentially unifying quantum, hol-

ographic, and geometric physics. This insight opens path-

ways for new theoretical developments and experimental 

investigations. 
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