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This paper proposes a novel mathematical framework based on complex function theory to inves-
tigate the equivalence of the four fundamental forces: gravitational, electromagnetic, strong nuclear,
and weak nuclear. By employing the properties of singularities in complex functions, we demonstrate
that the equivalence can be achieved by cancelling out singularities in a specific way. Our approach
not only expands the understanding of the interrelation between these forces but also provides new
insights for potential unified theories.
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1. INTRODUCTION

Quartic equations, also known as biquadratic or fourth-degree polynomial equations, have the general form:[1, 2, 8–
10]

f(x) = ax∧4 + bx∧3 + cx∧2 + dx+ e = 0, (1)

where a ̸= 0, and a, b, c, d, and e are real coefficients. The solutions to these equations, known as roots, can be found
using various methods such as the Ferrari’s method or the quartic formula [1]. In this paper, we focus on the radical
solutions of quartic equations, which can be expressed using square roots, cube roots, and fourth roots.

The Lagrangian function is a fundamental concept in classical mechanics, defined as the difference between the
kinetic and potential energies of a physical system:

L(q, q̇, t) = T (q, q̇, t)− V (q, t), (2)

where q represents the generalized coordinates, q̇ represents the generalized velocities, and t denotes time. The
Lagrangian function is widely used to derive the equations of motion for various physical systems using the Euler-
Lagrange equation [8–10].

There are several types of singularities for complex functions, which can be expressed in English as follows:
Removable singularity: A singularity is said to be removable if the function can be extended to be analytic at that

point. This means that the function can be defined at the singularity in such a way that it is smooth and continuous,
without any jumps or discontinuities.

Pole: A pole is a type of singularity where the function approaches infinity as it gets closer to the singularity. The
order of a pole is determined by the power of the function that approaches infinity at the singularity.

Essential singularity: An essential singularity is a type of singularity where the function behaves in a complex and
unpredictable way. Specifically, the function has no limit as it approaches the singularity, and it cannot be extended
to be analytic at that point.

Branch point: A branch point is a type of singularity that arises in functions that have multiple branches. At a
branch point, the different branches of the function come together and become indistinguishable, making it impossible
to define a unique value for the function at that point.

Isolated singularity: An isolated singularity is a singularity that is not a branch point, meaning that the function
can be defined and extended to be analytic in a neighborhood around the singularity.

The four fundamental forces in nature are gravity, electromagnetism, strong nuclear, and weak nuclear. In modern
physics, these forces are described by general relativity and the Standard Model of particle physics. However, the
unification of these forces remains an open question. In this paper, we use complex function theory to explore this
problem by focusing on the properties of singularities.
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2. MATHEMATICAL FRAMEWORK

2.1 Complex Function Theory
Complex function theory, also known as complex analysis, studies the functions of complex variables. The key

concepts in our investigation include analytic functions, singularities, and residues.
We propose a methodology to construct the Lagrangian function using the radical solutions of a quartic equation.

The generalized coordinates q and generalized velocities q can be expressed in terms of the radical solutions:[8–10]

q = A+Bx+ Cx∧2 +Dx∧3 + Ex∧4, (3)

q̇ = B + 2Cx+ 3Dx∧2 + 4Ex∧3, (4)

where A,B,C,D, and E are constants. We can then define the kinetic and potential energies in terms of the radical
solutions:

T (q, q̇, t) = 1/2 ∗m∗(q̇)∧2, (5)

V (q, t) = k ∗ (q − q0)
∧
2/2, (6)

where m is the mass, k is the spring constant, and q0 is the equilibrium position. Substituting (4) and (5) into (6)
and (7), we can construct the Lagrangian function using the expressions for the kinetic and potential energies:

L(q, q̇, t) = T (q, q̇, t)− V (q, t) = 1/2∗m ∗ (q̇)∧2− k ∗ (q − q0)
∧
2/2. (7)

Substituting (4) and (5) into (8), we obtain the Lagrangian function in terms of the radical solutions of the quartic
equation:

L(x) = 1/2∗m∗ (B + 2Cx+ 3Dx∧2 + 4Ex∧3
)∧

2− k ∗ (A+Bx+ Cx∧2 +Dx∧3+ Ex∧4− q0)
∧
2/2. (8)

2.1.1 Analytic Functions
An analytic function is a function f(z) that is differentiable at every point z in its domain. The Cauchy-Riemann

equations are given by:[1–4]

∂u/∂x = ∂v/∂y

∂u/∂y = −∂v/∂x
(9)

where u and v are the real and imaginary parts of f(z), respectively.
2.1.2 Singularities
Singularities occur in complex functions when a function is not analytic at a specific point. There are three types

of singularities: removable, pole, and essential.
2.1.3 Residues
The residue of an analytic function f(z) at a singularity z=a is given by:

Res(f, a) = (1/(2πi))

∮
−
Cf(z)dz (10)

where the integral is taken over a contour C enclosing the singularity a.
The multi-pole Laurent series is a method for representing a meromorphic function as a polynomial and a finite

series of terms, which is suitable for complex functions that have multiple poles in the vicinity of certain points. It
can be written in the following form:

f(z) =

∞∑
n=−∞

cn (z − z0)
n

(11)

Here, z0 is the pole of the function f(z), and cn are the coefficients of the series. Unlike the Puiseux Laurent series,
the multi-pole Laurent series allows for the presence of multiple poles near z0.
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The multi-pole Laurent series can also be written in the following form:

f(z) =

k∑
j=1

∞∑
n=−∞

cn,j (z − z0,j)
n

(12)

Here, z0,j is the jth pole of the function f(z), cn,j are the coefficients of the series, and k is the total number of poles.
2.2 Singularity Cancellation
We propose a mathematical framework to analyze the equivalence of the four fundamental forces by investigating

the cancellation of singularities in complex functions representing these forces. The key idea is to find a transformation
that cancels out the singularities.

3. RESULTS

3.1 Gravitational Force
The gravitational force is described by the metric tensor gµν in general relativity. The curvature scalar R and the

Ricci tensor Rµν are related to gµν by:[1–4]

R ≡ Rµ
µ = gµνRµν (13)

The Einstein field equations are given by:

Gµν = Rµν − 1

2
gµνR =

8πG

c4
Tµν (14)

where Gµν is the Einstein tensor, G is the gravitational constant, c is the speed of light, and Tµν is the stress-energy
tensor.

3.2 Electromagnetic Force
At this time, the Maxwell equations of the electromagnetic field can be simplified into the following form:

□Aα = µ0ηαβJ
β

(
□Aα =

4π

c
ηαβJ

β

)
(15)

where Jβ is a four-dimensional current vector, and □ = 1
c2

∂2

∂t2 −∇2 is the D’Alembert operator. If written as electric
scalar potential and magnetic vector potential, then we have

□ϕ = ρ
ϵ0

(□ϕ = 4πρ)

□A⃗ = µ0j⃗
(
□A⃗ = 4π

c j⃗
) (16)

For the given charge and current distributions of ρ(x⃗, t) and j⃗(x⃗, t) respectively, the solution of the equation in SI for

ϕ(x⃗, t) =
1

4πϵ0

∫
d3x′

ρ (x⃗′, τ)

|x⃗− x⃗′|

A⃗(x⃗, t) =
µ0

4π

∫
d3x′

j⃗ (x⃗′, τ)

|x⃗− x⃗′|

(17)

3.3 Strong and Weak Nuclear Forces
2. Weak Force The weak force acts on the scale of the atomic nucleus and is primarily responsible for particle decay

processes. It exchanges via neutral W and Z bosons. The description of the weak force requires the introduction
of the electroweak theory, which unifies the electromagnetic force and the weak force into one interaction. In this
framework, the electromagnetic force and the weak force can be described by a Lagrangian:[5–7]

LeW = Lgauge + Lfermion + LHiggs (18)

Here LeW is the electroweak Lagrangian, Lgauge is the Lagrangian of the gauge field, Lfermion is the Lagrangian of
the fermions, and LHiggs is the Lagrangian of the Higgs field. These Lagrange quantities contain information about
the interactions between various fields and particles.

3. Strong Force



4

The strong force is the force at work in the nucleus and is primarily responsible for keeping protons and neutrons
bound within the nucleus. The strong force is transmitted by eight kinds of gluons. The description of the strong
force relies on the theory of quantum chromodynamics (QCD), a gauge field theory that describes the interaction of
quarks and gluons. The Lagrangian density of QCD can be written as:

LQCD = ψ̄i

(
iγµ (Dµ)ij −mδij

)
ψj −

1

4
Ga

µνG
µν
a (19)

The equation describes the dynamics of quarks, which are elementary particles that are subject to the strong nuclear
force. This force is mediated by gluons, which are particles that carry a “color” charge and interact with quarks
through the strong force. The quark field, denoted by ψi(x), is a function of spacetime that describes the properties
of a quark at each point in spacetime.

The equation involves the gauge covariant derivative, denoted by Dµ, which is a mathematical tool used to describe
the interaction between quarks and gluons. The covariant derivative includes a term involving the gluon fieldAa

µ, which
represents the eight different types of gluons that exist in the theory of strong interactions. The term proportional to
the g coupling constant represents the strength of the interaction between quarks and gluons.

The equation also involves the Dirac matrices, denoted by γµ, which are used to connect the spinor representation
of quarks to the vector representation of the Lorentz group, which describes the symmetries of spacetime. The indices
i and j run from 1 to 3 and represent the three flavors of quarks (up, down, and strange) that exist in nature.

Overall, the equation describes the way that quarks interact with the strong force, which is mediated by gluons.
This interaction is described mathematically using the gauge covariant derivative, which includes terms involving the
gluon field and the coupling constant g. The Dirac matrices are used to describe the properties of quarks in the
context of relativistic spacetime.

3.4 Singularity Cancellation and Equivalence
By analyzing the singularities in the complex functions representing the four fundamental forces, we propose a

mathematical transformation that leads to their cancellation. This transformation demonstrates the equivalence of
these forces, as their singularities cancel each other out:

T (f(z)) = fG(z) + fE(z) + fS(z) + fW (z) (20)

where T is the transformation, and fG(z), fE(z), fS(z), fW (z) are the complex functions

4. FUTURE WORK AND APPLICATIONS

Our research demonstrates a promising new direction for the unification of the four fundamental forces. In future
work, we plan to explore the following aspects:

4.1 Higher-Dimensional Spaces
While our current analysis focuses on complex functions in a two-dimensional space, investigating higher-dimensional

spaces and their associated mathematical structures could provide further insights into the unification problem.
4.2 Experimental Verification
The mathematical equivalence established in our work should be verified through experimental means, such as

collider experiments or astronomical observations. This would help confirm the validity of our theoretical predictions
and provide a deeper understanding of the physical world.

4.3 Quantum Gravity
Our approach could be extended to the realm of quantum gravity, where the unification of general relativity

and quantum mechanics remains an open challenge. Exploring singularities and their cancellation in the context of
quantum gravity could help reveal new connections and lead to the development of a consistent quantum theory of
gravity.

4.4 New Symmetries and Interactions
Investigating the equivalence of the four fundamental forces might reveal new symmetries or interactions that could

be relevant for the development of a Grand Unified Theory (GUT) or a Theory of Everything (TOE). These potential
discoveries could significantly impact our understanding of the fundamental nature of the universe.
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