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Article 
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Trinidad and Tobago 
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Abstract: Recently, a paper was written to establish semi-structured complex numbers ℍ (a new 

number set invented to enable division by zero) as a useful mathematical tool providing novel 

results from its application in engineering and science. Whilst the paper was a milestone, the 

application of this number set to quantum and classical physics had not been fully explored. 

Consequently, the aim of this research was to use semi-structured complex numbers to develop a 

new mathematical model for the mass of an object and in course unite classical and quantum physics 

in a simple yet effective manner. As its major contributions this paper: (1) develops a new 

mathematical model for the mass of an object called the wave-mass function using De Broglie’s mass 

and frequency relation and semi-structured complex numbers; (2) uses the new wave-mass function 

to determine what happens to an object traveling at the speed of light; (3) derives a relation between 

Schrödinger’s wave function and the new wave-mass function; (4) derives a relation between 

Einstein’s Field Equation and the new wave-mass function; (5) uses the wave-mass function to 

combine Einstein’s Field Equation with Schrödinger’s wave function to form a new quantum gravity 

equation.  These results and their applications provide a firm foundation to advance the number 

set ℍ as a useful mathematical tool. 

Keywords: semi-structured complex numbers; Mass; Schrödinger’s wave function; Einstein’s field 

equations; wave-particle duality 

 

1. Introduction 

1.1. Newtonian mechanics and Einstein’s General Theory of Relativity  

In the 17th Century Sir Isaac Newton discovered the Universal Law of Gravitation. This Law 

states that “any two bodies in the universe with mass 𝑚ଵ and 𝑚ଶ respectively attract each other 

with a force 𝐹 that is directly proportional to the product of their mass and inversely proportional 

to the square of the distance (𝑟ଶ) apart” . The Law of universal gravitation can be represented by 

Equation (1) .        𝐹 = 𝐺𝑚ଵ𝑚ଶ𝑟ଶ  (1) 

According to Newton, gravity was a force of attraction that acted instantaneously between 

objects. However, whilst Newton’s Universal Law of Gravity could predict the motion of an apple 

falling from a tree and the orbit of the moon around the earth, Newton could not explain why gravity 

exist nor why it acts. 

To answer these questions Albert Einstein released his theory of General Relativity in 1915 .  In 

his theory he stated that the three dimensions of space and the one dimension of time are two parts 

of the same thing, that thing being space-time . Objects exist at a given point in space at a given time.  
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Whilst Newton’s Law of Universal Gravity indicated that gravity was a force that acts 

instantaneously between objects, Einstein’s Theory of General Relativity indicated that gravity was 

actually the curvature of space-time that results from the presence of matter. The more matter exist 

the more space-time becomes warped. In turn the curvature of space-time dictates how matter moves. 

This is demonstrated in Figure 1(a) and Figure 1(b). 

 

(a) 

 

(b) 

Figure 1. (a) massive object curving space-time and (b) more massive object producing a greater 

curvature in space time . 

One object B in the gravitational field of another object A moves according to the curvature of 

the space time produced by both B and A (as shown in Figure 2) .  

 

Figure 2. curvature of space-time produced by both masses A and B. 

Einstein’s Theory of General Relativity agreed with Newton’s Universal Law of Gravity in 

situations where gravity is weak, but the two theories produce different results in cases where gravity 

is strong (such as in Black Holes). Nevertheless, Einstein’s theory is considered a better explanation 

of gravity as it not only predicts the same phenomenon that Newton’s Universal Law of Gravity 

predicts but also predicts other experimentally verifiable phenomenon (such as gravitational waves 

and gravitation lensing) that Newton’s Universal Law of Gravity fails to accurately predict. Einstein’s 

Theory of General relativity is represented by Equation (2) . 𝑅ఓఔ −  12 𝑅𝑔ఓఔ = 8𝜋𝐺𝑐ସ 𝑇ఓఔ (2) 

 

here  𝑅ఓఔ Ricci tensor curvature. The Ricci tensor represents how a volume in a curved space differs 

from a volume in Euclidean space . 𝑅 Ricci scalar curvature. This is a measure of the curvature of a Riemannian manifold. A 

manifold is the multidimensional analogue of a surface. A Riemannian manifold is a smooth 

manifold (locally Euclidean) with nicely defined structures (inner products, tangent space etc.) 

that allow for easy transfer of Euclidean math to the curved object. 𝑔ఓఔ The metric tensor. This tensor is a function which tells how to compute the distance between 

any two points in a given space. 𝑇ఓఔ The stress-energy tensor. The stress–energy tensor describes the flow of energy and 

momentum in spacetime. It is the source of gravitational fields . 𝑐 speed of light in a vacuum 𝐺 universal gravitational constant 𝜋 The constant pi 
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The left side of the equation (𝑅ఓఔ − ଵଶ 𝑅𝑔ఓఔ) describes the geometry of space-time and indicated 

how gravitational fields affects that geometry . The right side of the equation contains the stress-

energy tensor 𝑇ఓఔ  (the energy and mass terms) and is the origin of gravitational fields. As is 

popularly known the left side tells mass and energy how to move whilst the right side tells space-

time how to curve. The expression 
଼గீ௖ర  is merely present for housekeeping purposes to ensure the 

units on either side of the expression matches correctly.  

One of the most important foundational points is that the stress-energy tensor  𝑇ఓఔ has 16 elements (as shown in Equation (3)).  

𝑇ఓఔ = ൮𝑇଴଴ 𝑇଴ଵ𝑇ଵ଴ 𝑇ଵଵ 𝑇଴ଶ 𝑇଴ଷ𝑇ଵଶ 𝑇ଵଷ𝑇ଶ଴ 𝑇ଶଵ𝑇ଷ଴ 𝑇ଷଵ 𝑇ଶଶ 𝑇ଶଷ𝑇ଷଶ 𝑇ଷଷ൲ 

(3) 

Each element or set of elements in the stress-energy tensor represents some specific quantity. 

These quantities, their meaning and equations are given in Table 1. 

Table 1. Stress-energy tensor elements, their meaning and equations. 

Element(s) Meaning Equation Equivalent 

Equation 

Units 𝑇଴଴ Local energy density: including any potential 

contributions from forces between particles 

and their kinetic energy. 

𝐸଴଴𝑉଴଴ 
𝐸଴଴𝑉଴଴ 

𝐽. 𝑚ିଷ 

𝑇଴௜ Energy flux in the ith direction: This includes 

not only bulk motion but any other processes 

giving rise to transfer of energy as for example 

heat conduction 

𝐸଴௜(𝑑𝐴 × 𝑑𝑡)଴௜ 𝐸଴௜(𝑑𝐴 × 𝑑𝑡)଴௜ 𝐽. 𝑚ିଶ. 𝑠ିଵ
𝑇௜଴ Momentum Density: Density of the 

momentum component in the ith direction, 

(that is the 3-momentum density). This 

component also considers the change in 

momentum associated with heat transfer. 

(𝑚𝑣)௜଴𝑉௜଴  
𝐸௜଴𝑐. 𝑉௜଴ 

𝐽. 𝑚ିସ. 𝑠ିଵ

𝑇௝௜ Shear Stress: Force tending to cause 

deformation of a material by slippage along a 

plane or planes parallel to the imposed stress. 

𝐹௝௜𝐴௝௜ 𝐸௝௜𝑉௝௜ 𝐽. 𝑚ିଷ 

𝑇௜௜ Pressure: Force applied perpendicular to the 

surface of an object per unit area over which 

that force is distributed 

𝐹௜௜𝐴௜௜ 𝐸௜௜𝑉௜௜ 𝐽. 𝑚ିଷ 

𝑇௜௝ Momentum Flux (or stress tensor): the rate of 

flow of the ith component of the momentum 

per unit area in the plane orthogonal to the jth 

direction. 𝑇௜௝ can also represent the 

momentum of fluid passing through some 

area per unit time. (Note 𝑖 ≠ 𝑗) 

(𝑚𝑣)௜௝(𝑑𝐴 × 𝑑𝑡)௜௝ 
𝐸௜௝𝑐. (𝑑𝐴 × 𝑑𝑡)௜௝𝐽. 𝑚ିଷ. 𝑠ିଵ

*𝑐 is the speed of light; 𝐸 is energy; 𝑉 is volume; 𝑑𝐴 is area; 𝑑𝑡 is time; 𝐹 is force. 

The elements of the stress-energy tensor 𝑇ఓఔ are more clearly shown in Figure 3. 
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Figure 3. Elements of the stress-energy tensor 𝑇ఓఔ. 

According to column 3 of Table 1, the elements in the stress-energy tensor are some form of 

energy divided by other physical quantities.  This fact can become very useful in creating an 

equation for quantum gravity. 

1.2. The problem with Einstein’s General Theory of Relativity and Quantum Mechanics  

Although valuable, General Relativity cannot ultimately be the correct theory for space-time. It 

an approximation that works in some circumstances but fails in others. This is known because 

General relativity does not fit together with another well-established theory; quantum mechanics.  

Quantum mechanics is the branch of mechanics that deals with the mathematical description of 

the motion and interaction of subatomic particles, incorporating the concepts of quantization of 

energy and wave-particle duality . In quantum mechanics it has been shown experimentally that 

quantum particles have strange properties such as being in two places at the same time and obeying 

the uncertainty principle .  For example, an electron going through a double slit. Quantum Physics 

indicated that the electron goes through both slits at the same time. However, an electron has mass. 

This begs the question to which place does the gravitational pull go if the electron travels through 

both slits at the same time?  

Unfortunately, General Relativity is not a quantum theory. To understand how to solve this we 

need to understand the quantum properties of gravity and as a consequence there needs to be a 

theory of quantum gravity.  

Quantum gravity is a field of theoretical physics that seeks to describe gravity according to the 

principles of quantum mechanics. It deals with environments in which neither gravitational nor 

quantum effects can be ignored, such as in the vicinity of black holes or similar compact astrophysical 

objects, such as neutron stars as well as in the early stages of the universe moments after the Big Bang.  

Whilst several have tried to develop such a theory there has been no satisfactory outcome. Two 

primary examples are, String theory and Loop Gravity. The central idea of String Theory is to replace 

the classical concept of a point particle in quantum field theory with a quantum theory of one-

dimensional extended objects: strings.  The theory is successful in that it successfully models a 

graviton (the messenger particle of gravity); however, unfortunately it introduces six extra 

dimensions of space in addition to the usual three for space (and one for time). Loop Gravity on the 

other hand postulates that the structure of space and time is composed of finite loops woven into an 

extremely fine fabric or network. The biggest problem with Loop Gravity is that it has not yet shown 

that you can take a quantized space and take out a smooth space-time. Moreover, String theory and 

Loop Gravity adds needless complexity when attempting to combine the theories of General 

Relativity and Quantum Mechanics.  

1.3. New Tools required to solve the problem of Quantum Gravity 

As a result, it has become obvious that new tools are required to solve the problem of quantum 

gravity. These new tools when used alongside well-established theories in classical and quantum 

mechanics should lead to a theory of quantum gravity that is simple to comprehend (mathematically 
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and conceptually), well grounded in our current understanding of classical and quantum physics and 

does not add any needless features that would make the new theory unnecessarily complicated.  

To establish a theory of quantum gravity it is first necessary to develop a basic understanding 

of two of the key quantities; energy and mass. To do this early work developed by Albert Einstein 

(Special Theory of Relativity and mass-energy equivalence), Louis De Broglie (particle-wave duality) 

and Erwin Schrödinger (wave function and wave equation). After developing a basic understanding 

of these theories one additional new tool semi-structured complex numbers (a new number set 

recently developed to solve the problem of division by zero) will be introduced. After this, all the 

tools necessary to form a new theory of quantum gravity would have been laid out and, the new 

theory can be developed.     

1.4. Einstein’s Special Theory of Relativity and the Lorentz Factor 

According to Einstein’s theory of general relativity the speed of an object affects its mass, length 

and time (as seen by an observer in a difference frame of reference). This can be represented 

mathematically using what is known as the Lorentz transformation . For example, then when an 

object is at rest, it has a rest mass of 𝑚଴. The total energy that the object has is given by Equation (4): 𝐸 = 𝑚଴𝑐ଶ (4) 

Here 𝑐 is the speed of light and 𝐸 is the internal energy (the sum of the potential and kinetic energy) 

of the object. Equation (4) is a partial representation of what is commonly known as the mass-energy 

equivalence equation.  Note for an object in motion with momentum 𝑝̅  the complete equation 

becomes: 𝐸ଶ = (𝑚଴𝑐ଶ)ଶ + (𝑝̅𝑐)ଶ (5) 

When an object begins to move with a speed 𝑣 its mass increases. The increase mass (known as 

the relativistic mass 𝑚௥௘௟) is given by Equation (6). 𝑚௥௘௟ = 1ට1 − 𝑣ଶ𝑐ଶ 𝑚଴ = 𝛾𝑚଴ 
(6) 

The symbol 𝛾 in Equation (6) is called the Lorentz factor and Equation (6) is called the Lorentz 

transformation.  

There are two primary problems with Equation (6) that causes the equation to be subject to 

misinterpretation. First it implies that the increase of energy of an object with velocity appear to be 

connected with some change in the internal structure of the object. In reality, the greater the velocity 

of the object the greater the relativistic mass and the greater the object’s gravitational effect (or 

influence on the geometric properties of space-time). Secondly, the equation cannot give an 

interpretation of the relativistic mass of the object when it is moving at the speed of light. According 

to traditional physics, when 𝑣 = 𝑐  the Lorentz factor is undefined (which has no meaning 

physically), as shown in Equation (7). 𝛾 = 1ට1 − 𝑐ଶ𝑐ଶ = 1√1 − 1 =  10 (undefined accdoring to traditional physics) 
(7) 

Whilst the result in Equation (7) may appear impossible to solve, the use of semi-structured complex 

numbers may shade some light on a possible solution to the problem. However, this has never been 

attempted before. Despite these drawbacks Equation (4) did lead to other important discoveries.  

1.5. Wave-Particle Duality: De Broglie’s discoveries   

In October 1925 Einstein published his thesis in which he described the photoelectric effect. The 

photoelectric effect essentially prove that light waves can behave like particles. Einstein called these 

particles photons. Louis De Broglie published his thesis a year earlier (1924) in which he explained 

the wave-particle duality. In his thesis he theorized that if light wavs can behave like particles then 

particles (like electrons) can behave like waves.  De Broglie proposed that for a matter particle of 
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mass 𝑚 moving with velocity 𝑣 you can associate a wave with wavelength 𝜆. De Broglie showed 

this by simply stating that if 𝐸 =  𝑚𝑐ଶ and 𝐸 =  ℎ𝑓 then the relation given in Equation (8) must be 

true.  𝐸 =  𝑚𝑐ଶ     and         𝐸 =  ℎ𝑓 𝑚𝑐ଶ = ℎ𝑓 𝑚 = ℎ𝑐ଶ 𝑓 (8) 

De Broglie also indicated that if the particle has a total energy 𝐸, the wave associated with the 

particle also has a frequency 𝑓 given by Equation (9). Additionally, he showed that the relationship 

between the wavelength of the wave and the momentum of the particle (given by 𝑚𝑣) is described 

in Equation (10). De Broglie assumed that Equation (9) and Equation (10) holds for all matter particles. 

At the time, even though there was no experimental evidence to support these equations, Equation 

(9) and Equation (10) were a landmark discovery.  𝑓 = ா௛     (9) 𝜆 =  ℎ𝑝 = ℎ𝑚𝑣 
(10) 

 
here  𝐸 Energy of particle (note the particle does not have to be subatomic) 𝑚 Mass of the object 𝑐 Speed of light of the object 𝑓 Frequency of the object ℎ Planck’s constant 𝑝 

Momentum of the particle (Note, a bar was placed over the symbol for momentum to 

distinguish it from the symbol for the unstructured unit 𝑝 for semi-structured complex 

numbers) 

Equation (8) establishes a relationship between the mass of a body and the frequency of its 

associated wave (the same wave that Schrödinger developed his wave function for in 1926).  

Unfortunately, the mathematics at the time did not permit De Broglie to go any further in flushing 

out other connections and the physics community was satisfied with the result.  

Nevertheless, as small reconstruction of Equation (8) using semi-structured complex numbers 

could possibility yield even more results, further the understanding of wave-particle duality and 

open the door to other discoveries particularly in the areas of general relativity and quantum 

mechanics. However, this has not been attempted in recent literature. 

1.6. Schrödinger’s Equation and the wave function   

Erwin Schrödinger made his contribution by developing the wave function (Ψ) that describes 

the wave associated with any matter particle. He also developed what is now called Schrödinger ‘s 

equation, an equation that enables one to find the wave function of the wave associated with any 

particle. Schrödinger ‘s equation is given by Equation (11). This equation lead to the development of 

quantum physics.  𝑖ℏ 𝜕Ψ𝜕𝑡 = −ℏଶ2𝑚 𝜕ଶΨ𝜕𝑥ଶ + 𝑉Ψ (11) 
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here  Ψ The wave function and it is usually the unknown in this equation that needs to be 

solved 𝑖ℏ 𝜕Ψ𝜕𝑡  
Describes the total energy of the system. Over time the total energy must remain the 

same (law of conservation of energy). −ℏଶ2𝑚 𝜕ଶΨ𝜕𝑥ଶ  
Describes the kinetic energy of the particle (or system of particles). 𝑉Ψ Describes the potential energy of the particle (or system of particles). ℏ Planck’s constant divided by 2𝜋. 

The problem with the Schrödinger’s equation is the interpretation of the wave function. One of 

the observations made was that the wave function does not describe a physical wave and the wave 

function itself is not a physically measurable quantity.  The reason for this observation is that a 

quantity containing the imaginary unit 𝑖 (as seen on the left-hand side of Equation (11)), is not a 

physically measurable quantity. In 1926 the physicist Max Born stated that the modulus squared of 

the wave function (that is, |Ψ|ଶ ) gave the probability of finding the particle at a particular point in 

space. Max Born stated that the Ψ  (the wave function) is a non-physical quantity called the 

probability amplitude of the particle. Whilst this interpretation does have value in explaining the 

uncertainty that is generally found in quantum mechanics, it does not help to fully provide a 

workable theory of quantum gravity.   

Nevertheless, Einstein’s mass energy relation, De Broglie’s wave-particle duality and 

Schrödinger’s wave function can all be evolved into a theory of quantum gravity with the help of one 

more tool; semi-structured complex numbers. 

1.7. Semi-structured complex numbers: a recent development in division by zero 

Recently there has been a range of research involving division by zero. Table 3, Appendix 1, 

shows sample research conducted from 2018 to 2022 on “division by zero”.  

The problem of division by zero can simply be stated as: What is 
௔଴ where “a” is any complex 

number. There have been several solutions to the problem the most recent being the invention of the 

semi-structured complex number set ℍ . The first attempt at creating this number set was riddled 

with issues , however, a second paper , written to reformulate and strengthen the theory of semi-

structured complex numbers, produced several grounded and profound results. Table 2 shows the 

major results (pertinent to this research) developed in paper . 

Table 2. Major results from paper . 

Result 1 Semi-structured complex number set can be defined as follows: 

A semi-structured complex number is a three-dimensional number of the general form ℎ = 𝑥 + 𝑦𝑖 + 𝑧𝑝; that is, a linear combination of real ( 1 ), imaginary ( 𝑖 ) and 

unstructured (𝑝) units whose coefficients 𝑥, 𝑦, 𝑧 are real numbers.  

The number ℎ is called semi-structured complex because it contains a structured complex part (𝑥 + 𝑦𝑖) and an unstructured part (𝑧𝑝). 

Result 2 The unstructured number 𝑝 was redefined as:  

𝑝௡ = √2 × 𝑐𝑜𝑠 ቀ𝜋2 𝑛 − 𝜋4ቁ𝑓௡(1)  (12) 

where 𝑓௡(𝑐) is a composite function such that 𝑓(𝑐) = 1 − 𝑐. 
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Integer powers of 𝑝 yield the following cyclic results: 𝑝ଵ = 10 
𝑝ଶ= −1 

𝑝ଷ= −𝑝 
𝑝ସ = 1 𝑝ହ = 10 

𝑝଺= −1 

𝑝଻= −𝑝 
⋯ 

 

Result 3 𝑝 does not belong to the set of complex numbers ℂ (that is, 𝑝 ∉ ℂ), but belongs to a higher order 

number set ℍ called the set of semi-structured complex numbers such that the set of complex 

numbers is a subset of ℍ (that is, ℂ ⊂ ℍ). 

Result 4 The field of semi-structured complex numbers was defined, and proof was given that this field 

obeys the field axioms. This implies (1) the number set can easily be used in everyday algebraic 

expressions and can be used to solve algebraic problems, (2) the number set can be used to form 

more complicated structures such as vector spaces and hence solve more complex problems that 

may involve “division by zero”. 

Result 5 Semi-structured complex number set ℍ does not form an ordered field. For the objects in a field 

to have an order, operations such as greater than or less than can be applied to these objects. This 

is because in an ordered field the square of any non-zero number is greater than 0; this is not the 

case with semi-structured complex numbers. 

Result 6 Semi-structured complex numbers can be represented by points in a 3-dimensional Euclidean 𝑥𝑦𝑧-space. The xyz-space consist of three perpendicular axes: the real 𝑥-axis, the imaginary y-

axis, and the unstructured 𝑧 -axis. These axes form three perpendicular planes: the real-

imaginary 𝑥𝑦-plane, the real-unstructured 𝑥𝑧-plane, and the imaginary-unstructured 𝑦𝑧-plane. 

Result 7 The unit 𝑝 was used to find a viable solution to the logarithm of zero. The logarithm of zero was 

found to be: log 0 = −𝑝 ቀ𝜋2 + 2𝑘𝜋ቁ (13) 

where k is some integer value. 

Result 8 The new definition of 𝑝 provided an unambiguous understanding that 
଴଴ = 𝑛 simply represents  90°  clockwise rotation of the vector 𝑛𝑝  from the positive unstructured z-axis to 𝑛  on the 

positive real x-axis along the real-unstructured 𝑥𝑧-plane. Note that 𝑛 is any real number. 

Result 9 Semi-structured complex numbers have both a 3D and 4D representation in the form: ℎ =  𝑥 + 𝑦𝑖 + 𝑧𝑝 

 

(3D form) 

ℎ =  𝐴 + 𝐵𝑖 + 𝐶𝑝 + 𝐷𝑖𝑝 

 

(4D form) 

Where:  𝑥, 𝑦, 𝑧, 𝐴, 𝐵, 𝐶, 𝐷 are real numbered scalars and 𝑖, 𝑝 are semi-structured basis units. 

Result 10 Two new Euler formulas were developed.  

 

Plane Euler formula 

Real imaginary 𝑥𝑦-plane 𝑒௜ఏ = cos 𝜃 + 𝑖 sin 𝜃 

Real unstructured 𝑥𝑧-plane 𝑒௣ఏ = cos 𝜃 + 𝑝 sin 𝜃 
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Imaginary unstructured 𝑦𝑧-plane 𝑒ି௜௣ఏ = cosh 𝜃 − 𝑖𝑝 sinh 𝜃 

 

When combined with the original Euler formula describes the relationship between 

trigonometric, hyperbolic, and exponential functions for the entire semi-structured complex 

Euclidean 𝑥𝑦𝑧-space. 

Result 11 Semi-structured complex numbers can be used to resolve singularities that may arise in 

engineering and science equations (because of division by zero) to develop reasonable 

conclusions in the absence of experimental data. 

Result 12 The zeroth root of a number h can be found using the equation √ℎబ =  ℎ௣ =  𝑒௣ ୪୬ ௛ = cos(ln ℎ) + 𝑝 sin(ln ℎ) 

Result 13 
Since 𝑝ଵ = ଵ଴ this implies that 

ଵ௣ = 0 which further implies that −p = 0 

Result 14 Any real number with the semi-structured unit 𝑝 attached to it is not a physically measurable 

quantity. That is, 𝑘𝑝 where 𝑘 is a real number is not physically measurable (however, 𝑘 can be 

calculated given enough information) 

Result 15 If 𝑎 and 𝑏 measure different (but quantitatively related) aspects of the same object, where 𝑎 is 

physically measurable but 𝑏 is not, then 𝑎 and 𝑏 can be combined into one equation in the form 𝑎 + 𝑏𝑝 

Results 1 to Result 15 in Table 2 provide some significant foundational results for semi-

structured complex numbers. Nevertheless, it is necessary to go beyond just the foundational setting 

and look at how this new number set can be applied in a practical setting particularly in the area of 

physics. Incidentally, this new number set could possibly be an important tool in developing a 

workable theory of quantum gravity.  

1.8. Major contributions  

Given the potential importance of developing a theory of quantum gravity, the aim of this paper 

was:  

To use semi-structured complex numbers to develop a new mathematical model for the mass of an 

object and in course unite classical and quantum physics in a simple yet effective manner. 

Based on the stated aim, this paper makes the following five major contributions:  

1. Develops a new mathematical model for the mass of an object called the wave-mass function 

(𝑤௠) using De Broglie’s mass and frequency relation and semi-structured complex numbers.   

2. Uses the new wave-mass function to determine what happens to an object traveling at the 

speed of light.   

3. Derives a relation between Schrödinger’s wave function and the new wave-mass function.  

4. Derives a relation between Einstein’s Field Equation and the new wave-mass function.  

5. Uses the wave-mass function to combine Einstein’s Field Equation with Schrödinger’s wave 

function to form a new quantum gravity equation. 

The rest of this paper is devoted to showing how achieving the main aim of the paper leads to the 

major contributions outline. 
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2.0. The wave-mass function: A new model for the mass of an object   

In order the solve the issues in special and general relativity and seamlessly tie quantum and 

classical mechanics, it is first necessary to develop a new model for the mass of an object. Semi-

structured complex numbers along with De Broglie’s discoveries can be used to do this.  

According to wave-particle duality, a particle (or an object) has both a mass (𝑚 ) and an 

associated wave with frequency (𝑓). The mass and the frequency are related by Equation (8). It can 

essentially be said that mass and frequency are the same aspect of an object just in different forms. 

This idea can be represented mathematically using semi-structured complex number form (as 

suggested by Result 15 of Table 2).  However, whatever representation that is contrived must agree 

with established physics whilst adding new knowledge to the field. This is done using the following 

steps. 

First, start with the assumption that the wave-particle nature of a particle of mass 𝑚  and 

associated wave function frequency 𝑓 can be represented as the semi-structured complex number 

given in Equation (14). 𝑤௠ = 𝑚଴ − 𝑝 (𝛼𝑓) (14) 

 

here  𝑤௠ Wave-mass function of the object 𝑚଴ Rest mass of the object 𝛼 mass-frequency constant given by 𝛼 = ௛௖మ = 7.3725 × 10ିହଵ𝑘𝑔. 𝐻𝑧ିଵ 𝑓 Frequency of the associated wave function of the object ℎ Planck’s constant 𝑝 The unstructured unit for the semi-structured complex number 

Equation (14) simply says that the total mass of an object 𝑤௠ (referred to in this paper as the 

wave-mass function of the object) is given by its rest mass 𝑚଴ along with the frequency 𝑓 of its 

associated wave (adjust by a constant 𝛼  that is referred to in this paper as the mass-frequency 

constant). From Result 13 in Table 2, the unstructured unit −𝑝 = 0. This is used in Equation (14) to 

show that when the rest mass of an object (𝑚଴) can be measured, the frequency 𝑓 of its associated 

wave cannot be measured (only calculated). This agrees with standard physics.  

The second step is to justify the existence of Equation (14). This is done by simply showing that 

it can be used to calculate the total energy of a particle and show that this agrees with classical physics. 

Using Equation (14) the total energy of a particle of wave-mass  𝑤௠ can be calculated as shown:   𝑤௠ = 𝑚଴ − 𝑝 (𝛼𝑓) 

Multiplying by 𝑐ଶ 𝑤௠𝑐ଶ = 𝑚଴𝑐ଶ − 𝑝 (𝛼𝑓)𝑐ଶ 𝑤௠𝑐ଶ = 𝑚଴𝑐ଶ − 𝑝 ℎ𝑓    (since 𝛼𝑐ଶ = ℎ ) 

 

But recall the relations 𝜆 =  ௛௣ which implies ℎ =  𝜆𝑝 where 𝑝 is the momentum 

of the particle. Additionally, 𝑐 = 𝑓𝜆 𝑤ℎ𝑖𝑐ℎ 𝑖𝑚𝑝𝑙𝑖𝑒𝑠 𝑡ℎ𝑎𝑡 𝑓 =  ௖ఒ .  

Hence 

 

 

(15) 

(16)  
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𝑤௠𝑐ଶ = 𝑚଴𝑐ଶ − 𝑝 ℎ𝑓     𝑤௠𝑐ଶ = 𝑚଴𝑐ଶ − 𝑝  ቀ𝜆𝑝 × ௖ఒቁ     𝑤௠𝑐ଶ = 𝑚଴𝑐ଶ − 𝑝 𝑐𝑝    

From there the square magnitude of 𝑤௠𝑐ଶ (that is, |𝑤௠𝑐ଶ|ଶ) can be found. Since 

the square of the magnitude of a semi-structured complex number is given by 

the sum of the square of its components, this implies that: 

 |𝑤௠𝑐ଶ|ଶ = (𝑚଴𝑐ଶ)ଶ + (𝑐𝑝)ଶ 

 

However, Equation (17) looks similar to Equation (5). Therefore, it can be 

concluded that the square of the total energy 𝐸 of the particle is the same as |𝑤௠𝑐ଶ|ଶ. That is:  

 |𝑤௠𝑐ଶ|ଶ = 𝐸ଶ  = (𝑚଴𝑐ଶ)ଶ + (𝑐𝑝)ଶ |𝑤௠𝑐ଶ| =  𝐸 = ඥ(𝑚଴𝑐ଶ)ଶ + (𝑐𝑝)ଶ 

 

 

 

 

(17) 

Incidentally, Equation (17) is the famous mass energy equivalence relation developed by 

Einstein in 1905.  Equation (17) shows that Equation (14) agrees with well-established classical 

physics. Equation (17) provides justification for the existence and use of Equation (14).  This new 

model for the mass of an object links the classical mechanics idea of mass (𝑚) and quantum mechanics 

of frequency (𝑓) of the associated wave function. Other examples of where Equation (14) agrees with 

well-established classical physics is given in Appendix 2.  

At this point it is instructive to investigate the value of Equation (14) into gaining new insight 

into the importance of wave-particle duality in the area of Special Relativity.    

3.0. The wave-mass function and Einstein’s Special Theory of relativity 

According to Einstein’s Special Theory of Relativity, the mass of a body travelling at velocity 𝑣 

near the speed of light is given by Equation (18).  𝑚ᇱ = 𝛾𝑚଴ = 𝑚଴ට1 − 𝑣ଶ𝑐ଶ  

(18) 

Using Equation (14), Equation (18) can be rewritten as shown in Equation (19). Equation (19) 

essentially provides a link between Einstein’s Special Theory of Relativity and quantum mechanics.  𝑤௠ᇱ = 𝛾𝑤௠ 𝛾𝑤௠ = 1ට1 − 𝑣ଶ𝑐ଶ × ሾ𝑚଴ − 𝑝 (𝛼𝑓)ሿ 
(19) 

Rewriting Equation (19) to Equation (20) clarifies what happens to an object as it moves with speeds 

close to the speed of light. 
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𝑤௠ᇱ = 𝛾𝑤௠ 𝛾𝑤௠ = 𝑚଴ට1 − 𝑣ଶ𝑐ଶ − 𝑝𝛼 𝑓ට1 − 𝑣ଶ𝑐ଶ  
(20) 

As an object begins to move at speeds close to the speed of light the components of the object’s 

wave-mass function increases; that is, the objects mass increases (which agrees with Einstein’s 

classical observations) and the frequency of the associated wave function also increases (this makes 

sense since frequency and mass are directly proportional).  

The strength of Equation (20) is that it can tell us what happens to an object at the speed of light 

(that is, at 𝑣 = 𝑐). Using Equation (20) and the rules for semi-structured complex numbers, this gives 

the following result: 

When 𝑣 = 𝑐 𝑤௠ᇱ = 𝛾𝑤௠ 𝛾𝑤௠ = 𝑚଴ට1 − 𝑐ଶ𝑐ଶ − 𝑝𝛼 𝑓ට1 − 𝑐ଶ𝑐ଶ 

𝛾𝑤௠ = 𝑚଴√1 − 1 − 𝑝𝛼 𝑓√1 − 1 

 𝛾𝑤௠ = 𝑚଴0 − 𝑝𝛼 𝑓0 𝛾𝑤௠ = 10 𝑚଴ − 𝑝 10 𝛼𝑓 

 

But according to semi-structured complex numbers 
ଵ଴ = 𝑝  (Table 2, Result 2). 

Hence this gives 𝛾𝑤௠ = 𝑝 × 𝑚଴ − 𝑝 × 𝑝𝛼𝑓 

Moreover, according to the rules of semi-structured complex numbers −𝑝 × 𝑝 = 1. Hence this gives: 𝑤௠ᇱ = 𝑝𝑚଴ + 𝛼𝑓 

 

 

 

 

 

 

 

 

 

 

 

 

(21) 

Equation (21) suggests that at the speed of light the frequency of the associated wave of the 

particle becomes a measurable quantity and the mass of the particle becomes a quantity that cannot 

be measured. Essentially this implies that the particle essential behaves like a wave (or more 

specifically an electromagnetic wave) at the speed of light. Equation (21) also implies that at the speed 

of light classical mechanics gives way to quantum mechanics.  

Further, Equation (21) can be interpreted in terms of space-time. According to Equation (20) and 

Equation (21) an object traveling at the speed of light no longer disturbs space-time by curving it but 

rather affects space-time by producing electromagnetic disturbances in the form of electromagnetic 

waves. For the wave-mass function to go back to its original state (that is, back to the form of Equation 

(14)) the particle must come to a complete stop. Proof of this is given in Appendix 3. 
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4.0. Uniting Einstein’s General Theory of Relativity and Quantum mechanics 

4.1. Deriving a relation between Schrödinger’s wave function and the new wave-mass function 

The frequency 𝑓 in the wave-mass function (𝑤௠) is the frequency of the wave described by 

Schrödinger’s wave function (Ψ). It therefore stands to reason that a relation can be derived linking 

Schrödinger’s wave function and the new wave-mass function. The relation between Schrödinger’s 

wave function and the new wave-mass function is given in Equation (22). Here all the symbols have 

their previously defined meanings. 

  𝑤௠ = ఈ௘೛ቀయరഏቁ√ଶగ௜ஏ × డஏడ௧  (22) 

Proof of the relation given by Equation (22) is given in Appendix 4. This relation forms one of the 

corner pieces to unifying general relativity and quantum mechanics.  For this reason, we will call 

this relation Schrödinger’s wave-mass relation. 

4.2. Deriving a relation between Einstein’s Field Equation and the new wave-mass function  

To derive a relation between Einstein’s Field Equation and the new wave-mass function, it is 

necessary to derive an expression between the wave-mass function and the energy 𝐸 of an object 

and then relate this to the stress-energy tensor 𝑇ఓఔ in Einstein’s Field Equations.  

First, the relation between the energy an object possesses and the wave-mass function of the 

object is given by Equation (23). The derivation of Equation (23) is found in Appendix 5. 

  𝐸 =  𝑤௠. 𝑐ଶ. 𝑒௣ቀഏరቁ (23) 

Secondly, since recall that one of the most important foundational points is that the stress-energy 

tensor 𝑇ఓఔ has 16 elements ൫𝑇௜௝൯ (as shown in Equation (3)). 

𝑇ఓఔ = ൮𝑇଴଴ 𝑇଴ଵ𝑇ଵ଴ 𝑇ଵଵ 𝑇଴ଶ 𝑇଴ଷ𝑇ଵଶ 𝑇ଵଷ𝑇ଶ଴ 𝑇ଶଵ𝑇ଷ଴ 𝑇ଷଵ 𝑇ଶଶ 𝑇ଶଷ𝑇ଷଶ 𝑇ଷଷ൲ 

According to column 3 of Table 1, the elements in the stress-energy tensor are some form of 

energy divided by other physical quantities.  Therefore, the stress-energy tensor can be written 

generically as:   

𝑇ఓఔ =
⎝⎜
⎜⎜⎜⎜
⎜⎛

𝐸଴଴𝑉଴଴ 𝐸଴ଵ(𝑑𝐴 × 𝑑𝑡)଴ଵ𝐸ଵ଴𝑐. 𝑉ଵ଴ 𝐸ଵଵ𝑉ଵଵ
𝐸଴ଶ(𝑑𝐴 × 𝑑𝑡)଴ଶ 𝐸଴ଷ(𝑑𝐴 × 𝑑𝑡)଴ଷ𝐸ଵଶ𝑉ଵଶ 𝐸ଵଷ𝑉ଵଷ𝐸ଶ଴𝑐. 𝑉ଶ଴ 𝐸ଶଵ𝑐. (𝑑𝐴 × 𝑑𝑡)ଶଵ𝐸ଷ଴𝑐. 𝑉ଷ଴ 𝐸ଷଵ𝑐. (𝑑𝐴 × 𝑑𝑡)ଷଵ

𝐸ଶଶ𝑉ଶଶ 𝐸ଶଷ𝑉ଶଷ𝐸ଷଶ𝑐. (𝑑𝐴 × 𝑑𝑡)ଷଶ 𝐸ଷଷ𝑉ଷଷ ⎠⎟
⎟⎟⎟⎟
⎟⎞

 

(24) 

Hence using the expression in Equation (23), the stress-energy tensor can be converted into a 

wave-mass version of itself that can be called the wave-mass stress-energy tensor given by the symbol 𝑇𝑤𝑚 ఓఔ. The wave-mass stress-energy tensor𝑇𝑤𝑚ఓఔ is given as  
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𝑇ఓఔ = 𝑐ଶ. 𝑒௣ቀగସቁ.
⎝⎜
⎜⎜⎜⎜
⎜⎛

𝑤௠଴଴𝑉଴଴ 𝑤௠଴ଵ(𝑑𝐴 × 𝑑𝑡)଴ଵ𝑤௠ଵ଴𝑐. 𝑉ଵ଴ 𝑤௠ଵଵ𝑉ଵଵ
𝑤௠଴ଶ(𝑑𝐴 × 𝑑𝑡)଴ଶ 𝑤௠଴ଷ(𝑑𝐴 × 𝑑𝑡)଴ଷ𝑤௠ଵଶ𝑉ଵଶ 𝑤௠ଵଷ𝑉ଵଷ𝑤௠ଶ଴𝑐. 𝑉ଶ଴ 𝑤௠ଶଵ𝑐. (𝑑𝐴 × 𝑑𝑡)ଶଵ𝑤௠ଷ଴𝑐. 𝑉ଷ଴ 𝑤௠ଷଵ𝑐. (𝑑𝐴 × 𝑑𝑡)ଷଵ

𝑤௠ଶଶ𝑉ଶଶ 𝑤௠ଶଷ𝑉ଶଷ𝑤௠ଷଶ𝑐. (𝑑𝐴 × 𝑑𝑡)ଷଶ 𝑤௠ଷଷ𝑉ଷଷ ⎠⎟
⎟⎟⎟⎟
⎟⎞

 

𝑇ఓఔ = 𝑐ଶ. 𝑒௣ቀగସቁ. 𝑇௪೘ఓఔ (25) 

Hence Einstein’s Field Equation given by Equation (2) can be rewritten as Equation (26). 𝑅ఓఔ −  12 𝑅𝑔ఓఔ = 8𝜋𝐺𝑐ସ 𝑇ఓఔ 𝑅ఓఔ − 12 𝑅𝑔ఓఔ = 8𝜋𝐺𝑐ସ ቀ𝑐ଶ. 𝑒௣ቀగସቁ. 𝑇௪೘ఓఔቁ (26) 

This can be simplified to Equation (27). 

 𝑅ఓఔ −  ଵଶ 𝑅𝑔ఓఔ = ଼గீ௘೛ቀഏరቁ௖మ 𝑇௪೘ ఓఔ (27) 

Equation (27) essentially uses semi-structured complex numbers to rewrite Einstein’s field equation 

so that the geometry of space-time is now dependent on the wave-mass function of the objects that 

affect space-time. 

4.3. Combining Einstein’s Field Equation with Schrödinger’s wave function to form a new quantum gravity 

equation   

Using Equation (27) and Equation (22) Einstein’s field equations can now be rewritten in terms 

of Schrödinger’s wave equation. This can be done as follows: 

𝑇௪೘ఓఔ =
⎝⎜
⎜⎜⎜⎜
⎜⎛

𝑤௠଴଴𝑉଴଴ 𝑤௠଴ଵ(𝑑𝐴 × 𝑑𝑡)଴ଵ𝑤௠ଵ଴𝑐. 𝑉ଵ଴ 𝑤௠ଵଵ𝑉ଵଵ
𝑤௠଴ଶ(𝑑𝐴 × 𝑑𝑡)଴ଶ 𝑤௠଴ଷ(𝑑𝐴 × 𝑑𝑡)଴ଷ𝑤௠ଵଶ𝑉ଵଶ 𝑤௠ଵଷ𝑉ଵଷ𝑤௠ଶ଴𝑐. 𝑉ଶ଴ 𝑤௠ଶଵ𝑐. (𝑑𝐴 × 𝑑𝑡)ଶଵ𝑤௠ଷ଴𝑐. 𝑉ଷ଴ 𝑤௠ଷଵ𝑐. (𝑑𝐴 × 𝑑𝑡)ଷଵ

𝑤௠ଶଶ𝑉ଶଶ 𝑤௠ଶଷ𝑉ଶଷ𝑤௠ଷଶ𝑐. (𝑑𝐴 × 𝑑𝑡)ଷଶ 𝑤௠ଷଷ𝑉ଷଷ ⎠⎟
⎟⎟⎟⎟
⎟⎞

 

(28) 

Substituting Equation (22) into Equation (28) gives: 
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𝑇௪೘ఓఔ = 𝛼𝑒௣ቀଷସగቁ√2𝜋𝑖
⎝⎜
⎜⎜⎜
⎜⎜⎜
⎜⎜⎛

ቀ 1Ψ . 𝜕Ψ𝜕𝑡 ቁ଴଴𝑉଴଴ ቀ 1Ψ . 𝜕Ψ𝜕𝑡 ቁ଴ଵ(𝑑𝐴 × 𝑑𝑡)଴ଵቀ 1Ψ . 𝜕Ψ𝜕𝑡 ቁଵ଴𝑐. 𝑉ଵ଴ ቀ 1Ψ . 𝜕Ψ𝜕𝑡 ቁଵଵ𝑉ଵଵ

ቀ 1Ψ . 𝜕Ψ𝜕𝑡 ቁ଴ଶ(𝑑𝐴 × 𝑑𝑡)଴ଶ ቀ 1Ψ . 𝜕Ψ𝜕𝑡 ቁ଴ଷ(𝑑𝐴 × 𝑑𝑡)଴ଷቀ 1Ψ . 𝜕Ψ𝜕𝑡 ቁଵଶ𝑉ଵଶ ቀ 1Ψ . 𝜕Ψ𝜕𝑡 ቁଵଷ𝑉ଵଷቀ 1Ψ . 𝜕Ψ𝜕𝑡 ቁଶ଴𝑐. 𝑉ଶ଴ ቀ 1Ψ . 𝜕Ψ𝜕𝑡 ቁଶଵ𝑐. (𝑑𝐴 × 𝑑𝑡)ଶଵቀ 1Ψ . 𝜕Ψ𝜕𝑡 ቁଷ଴𝑐. 𝑉ଷ଴ ቀ 1Ψ . 𝜕Ψ𝜕𝑡 ቁଷଵ𝑐. (𝑑𝐴 × 𝑑𝑡)ଷଵ
ቀ 1Ψ . 𝜕Ψ𝜕𝑡 ቁଶଶ𝑉ଶଶ ቀ 1Ψ . 𝜕Ψ𝜕𝑡 ቁଶଷ𝑉ଶଷቀ 1Ψ . 𝜕Ψ𝜕𝑡 ቁଷଶ𝑐. (𝑑𝐴 × 𝑑𝑡)ଷଶ ቀ 1Ψ . 𝜕Ψ𝜕𝑡 ቁଷଷ𝑉ଷଷ ⎠⎟

⎟⎟⎟
⎟⎟⎟
⎟⎟⎞

 

 

𝑇௪೘ఓఔ = 𝛼𝑒௣ቀଷସగቁ√2𝜋𝑖 𝑇ஏఓఔ 

 

 

 

 

 

 

(29) 

Substituting Equation (29) back into Equation (27) gives the following result: 

𝑅ఓఔ − 12 𝑅𝑔ఓఔ = 8𝜋𝐺𝑒௣ቀగସቁ𝑐ଶ ൫𝑇ఓఔ௪೘൯ 

𝑅ఓఔ −  12 𝑅𝑔ఓఔ = 8𝜋𝐺𝑒௣ቀగସቁ𝑐ଶ ቌ𝛼𝑒௣ቀଷସగቁ√2𝜋𝑖 𝑇ఓఔஏቍ 

𝑅ఓఔ −  12 𝑅𝑔ఓఔ = 8𝜋𝐺𝑒௣ቀగସቁ𝑐ଶ ቌℎ𝑒௣ቀଷସగቁ𝑐ଶ√2𝜋𝑖 𝑇ఓఔஏቍ 

𝑅ఓఔ −  12 𝑅𝑔ఓఔ = 4√2ℎ𝐺𝑒௣(గ)𝑖𝑐ସ ൫𝑇ఓఔஏ൯ 𝑅ఓఔ − 12 𝑅𝑔ఓఔ = 4√2ℎ𝐺(−1)𝑖𝑐ସ ൫𝑇ఓఔஏ൯  𝑅ఓఔ −  12 𝑅𝑔ఓఔ = 𝑖 4√2ℎ𝐺𝑐ସ ൫𝑇ఓఔஏ൯ (30) 

Equation (30) is the new quantum version of the Einstein Field Equation. There are a few points 

to note about this equation. Firstly, please note that 𝑇ఓఔஏ = 𝑇ஏఓఔ, it is only the subscripts that have 

changed position (when the stress-energy tensor is used in the field equation the letters 𝜇𝜈 become 

subscripts).  

Secondly, this equation introduces a new matrix 𝑇ఓఔஏ which is the stress-energy tensor written 

in terms of 16 different Schrödinger’s wave equations (the elements of 𝑇ఓఔஏ). This new matrix 𝑇ఓఔஏ 

is called the Schrödinger’s wave stress-energy Tensor. Equation (30) basically says that the 

Schrödinger’s waves of the stuff in the system collectively combine to influence the geometry of 

space-time. 

Thirdly, the right-hand side of the equation has the imaginary unit 𝑖. This does not mean that 

the right-hand side of the equation is not a physically measurable quantity. This 𝑖  is for 

housekeeping purposes. When the Schrödinger’s wave stress-energy Tensor 𝑇ఓఔஏ  produces an 

imaginary number this 𝑖 cancels with that imaginary number to produce a real number.  
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Fourthly, this quantum version of Einstein’s Field Equation is called Einstein’s Quantum Field 

Equation. This equation ties quantum mechanics (Schrödinger’s waves on the right) with classical 

mechanics (Einstein’s space-time geometry on the left hand side of the equation). It is important to 

note that whilst Equation (30) suggests that all the elements in the Schrödinger’s wave stress-energy 

Tensor (𝑇ఓఔஏ) must be converted into a Schrödinger’s wave function, this may not necessarily be the 

case. For example, there may be situations where the elements are mixed with some elements 

converted into a Schrödinger’s wave function and others remaining in a classical form. In any case, 

the key point remains that the elements in the original stress-energy tensor can be transformed into 

Schrödinger’s wave function with the use of the new wave-mass function derived in this paper. 

Finally, it is worth noting that even though semi-structured complex numbers were used to 

derive this equation, the semi-structured complex components disappear in the final answer 

(Equation (30)).  

5.0. Discussion 

At the heart of this paper is the introduction of the new wave-mass function 𝒘𝒎, that expresses 

the mass of an object in terms of its rest mass and the frequency of its associated quantum wave 

(Equation (14)). This wave-mass function essentially takes De Broglie’s results and combines it into 

one semi-structured complex function. The form of the wave-mass function was chosen to ensure 

that it agrees with Einstein’s Special Relativity equations whilst adding new knowledge to the field 

of Special Relativity. The new wave-mass function was also used to unite Einstein’s General Theory 

of Relativity and Quantum mechanics. 

There must be further study of the wave-mass function and its applications in other areas of 

classical and quantum mechanics to yield new insights into lingering problems. For example, as 

future research the wave-mass function can possibility be used in the double slit experiment to 

explain the distribution of gravity from an election that goes through two slits at the same time. As 

another example the wave-mass function and Einstein’s Quantum Field Equations (derived in this 

research) can be used to explain the interaction of gravitational and quantum effects at may be 

experienced in the vicinity of a black hole. 

6.0. Conclusion 

The aim of this research was to use semi-structured complex numbers to develop a new 

mathematical model for the mass of an object and in course unite classical and quantum physics in a 

simple yet effective manner to create a new theory of quantum gravity. In the process this paper 

makes four major contributions: (1) develops a new mathematical model for the mass of an object 

called the wave-mass function using De Broglie’s mass and frequency relation and semi-structured 

complex numbers (2) uses the new wave-mass function to determine what happens to an object 

traveling at the speed of light (3) derives a relation between Schrödinger’s wave function and the new 

wave-mass function (4) derives a relation between Einstein’s Field Equation and the new wave-mass 

function (5) uses the wave-mass function to combine Einstein’s Field Equation with Schrödinger’s 

wave function to form a new quantum gravity equation. These results and their applications provide 

a firm foundation to advance the number set ℍ as a useful mathematical tool. 
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Appendix 1. Research conducted from 2018 to 2022 involving division by zero 

Table 3. Research conducted on division by zero from 2018 to 2022. 

Research Research Aim 

[12–14] Explores the application of division by zero in calculus and differentiation 

 Uses classical logic and Boolean algebra to show the problem of division by zero can be 

solved using today’s mathematics 

 Develops an analogue to Pappus Chain theorem with Division by Zero 

 This paper proposes that the quantum computation being performed by the cancer cell 

at its most fundamental level is the division by zero. This is the reason for the insane 

multiplication of cancer cells at its most fundamental scale. 

 Explores evidence to suggest zero does divide zero 

 Considered using division by zero to compare incomparable abstract objects taken 

from two distinct algebraic spaces 

 Show recent attempts to divide by zero 

 Generalize a problem involving four circles and a triangle and consider some limiting 

cases of the problem by division by zero. 

 Paper considers computing probabilities from zero divided by itself 

[23,24] Considers how division by zero is taught on an elementary level 

 Develops a method to avoid division by zero in Newton’s Method 

 This work attempts to solve division by zero using a new form of optimization called 

Different-level quadratic minimization (DLQM) 

Appendix 2: Other examples of where Equation (13) agrees with well-established classical 

physics 

Equation (14) can be used to find the force (F) acting on a particle of mass (𝑤௠) 𝐹 = 𝑤௠. 𝑎   

Substituting for 𝑤௠ଵ and 𝑤௠ଶ gives: 𝐹 = ሾ(𝑚 − 𝑝 (𝛼𝑓)). (𝑎)ሿ 
Multiplying the two brackets: 𝐹 = ሾ𝑚. 𝑎 − 𝑝. 𝛼𝑓. 𝑎 ሿ 
Since the −𝑝  in the equation implies that the force from 𝛼𝑓. 𝑎  is not a physically measurable 

quantity, then Equation (31) reduces to F=ma. That is: 𝐹 = ሾ𝑚. 𝑎 − 𝑝. 𝛼𝑚. 𝑎 ሿ ≈ 𝑚𝑎 (31) 

Equation (14) can also be used to find the gravitational force (F) acting between two particles of wave-

mass (𝑤௠ଵand 𝑤௠ଶ) 

According to Newton’s Law of Universal Gravitation (Equation (1)) the gravitational effect 

between Particle 1 with given wave-mass function 𝑤௠ଵ  and Particle 2 with given wave-mass 

function 𝑤௠ଶ is given as follows:  𝐹 = 𝐺𝑤௠ଵ. 𝑤௠ଶ𝑟ଶ = 𝐺𝑟ଶ ሾ𝑤௠ଵ. 𝑤௠ଶሿ 
Substituting for 𝑤௠ଵ and 𝑤௠ଶ gives: 𝐹 = 𝐺𝑟ଶ ሾ(𝑚଴ଵ − 𝑝 (𝛼𝑓ଵ)). (𝑚଴ଶ − 𝑝 (𝛼𝑓ଶ))ሿ 
Multiplying the two brackets: 
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𝐹 = 𝐺𝑟ଶ ሾ𝑚଴ଵ. 𝑚଴ଶ − 𝑝𝑚଴ଵ. 𝛼𝑓ଶ − 𝑝𝑚଴ଶ. 𝛼𝑓ଵ − 𝛼ଶ𝑓ଵ𝑓ଶሿ 
𝐹 = 𝐺𝑟ଶ ሾ𝑚଴ଵ. 𝑚଴ଶ − 𝑝(𝑚଴ଵ. 𝛼𝑓ଶ + 𝑚଴ଶ. 𝛼𝑓ଵ) − 𝛼ଶ𝑓ଵ𝑓ଶሿ 
𝐹 = 𝐺𝑚଴ଵ. 𝑚଴ଶ𝑟ଶ − 𝑝 𝐺(𝑚଴ଵ. 𝛼𝑓ଶ + 𝑚଴ଶ. 𝛼𝑓ଵ)𝑟ଶ − 𝐺𝛼ଶ𝑓ଵ𝑓ଶ𝑟ଶ  

𝐹 = 𝐺𝑚଴ଵ. 𝑚଴ଶ𝑟ଶ − 𝐺𝛼ଶ𝑓ଵ𝑓ଶ𝑟ଶ − 𝑝 𝐺(𝑚଴ଵ. 𝛼𝑓ଶ + 𝑚଴ଶ. 𝛼𝑓ଵ)𝑟ଶ  (32) 

Equation (32) is significant as it implies that there are three gravitational forces at work in the 

interaction between two particles. These three must agree with our current understanding of physics.  

The first force (
ீ௠బభ.௠బమ௥మ ) is the normal gravitational effect between two particles as expressed by 

Newton’s original equation (Equation (1)). Since this force is real it can be measured. In fact, it has 

been measured in countless experiments in physics.  

The second force (
ீఈమ௙భ௙మ௥మ ) is negative, implying that it is a force of repulsion (or an antigravity 

force) arising from the frequencies of the wave functions of the particles. This force is also real which 

implies that it can also be measured. However, such a force has never been measured in any physics 

experiments. Based on Equation (32) three possible reasons for this. Firstly, factor 𝐺𝛼ଶ is in the order 

of 10ିଵଵଷ. This implies that assuming that the frequencies of the wavefunction of the particles are 

within the normal electromagnetic range the force of repulsion between the particles (arising from ீఈమ௙భ௙మ௥మ ) would be too small to detect even with the most sensitive laboratory instruments.  

Secondly, Newton’s Universal Law of Gravity was designed treating objects like point masses 

and not waves. Therefore, Newton’s Universal Law of Gravity does not have a wave counterpart that 

would take into account the distribution of energy of the object that produces the gravitational effect. 

Waves are essentially not stationary (like their particle counterparts) but spread out over time. Since 

the term 
ீఈమ௙భ௙మ௥మ  only measures the overall gravitational repulsion between the waves for a given 

distance r, it does not capture the fact that, as the waves spread out, the gravitational repulsion 

between them per unit volume would decrease. This implies that if one is measuring the strength of 

gravity between the two waves at any one point, the strength of gravity at that point would decrease 

over time. If we assume that the waves are traveling at the speed of light this decrease per unit volume 

would be rapid (even though the overall gravity between the waves would remain the same). Putting 

it in term of Einstein’s General Theory of Relativity, the fact that the waves spread out over time and 

their gravitational effect per unit volume decreases implies that their effect on the curvature of space-

time per unit volume also decreases.  

Finally, the third reason why this force (− ீఈమ௙భ௙మ௥మ ) has never been detected could simply be that 

no one has been looking for it.  

The third force (−𝑝 ீ(௠బభ.ఈ௙మା௠బమ.ఈ௙భ)௥మ ) cannot be measured since it has attached to it a −𝑝. Recall 

that unstructured and complex components of a semi-structured complex number cannot be 

physically measured. However, this third force does imply that there is some interaction between the 

mass and the waves of the individual particles. 

As an added thought, having looked at the three forces in Equation (32), it is possible that in the 

case where two particles interact the gravity between them is partly mechanical (
ீ௠బభ.௠బమ௥మ ) as a result 

of the rest masses of the particles and partly quantized (
ீఈమ௙భ௙మ௥మ ) as a result for the frequencies of the 

wave functions of the particles. It is also possible that the curvature of space-time produced by the 

mechanical part of gravity is opposite in nature to the curvature of space-time produced by the 

quantized part of gravity. Finally, it is possible that the curvature of space-time produced by the 

mechanical part of gravity is localized and constant (since the rest mass of particles is localized) and 

the curvature of space-time produced by the waves of the particles is decrease per unit volume as the 
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waves spread outwards. Based on the mathematics these are significant findings worth investigation 

via experimentation. 

Appendix 3: Wave-mass Function converted to its original state 

Consider a particle that has reached the speed of light (but not currently at the speed of light). 

Its wave-mass function would be shown in Equation (33). 𝑤௠ᇱ = 𝑝𝑚଴ + 𝛼𝑓 (33) 

If Equation (33) is multiplied by velocity this equation becomes: 𝑣. 𝑤௠ᇱ = 𝑝𝑚଴𝑣 + 𝛼𝑓𝑣 (34) 

When the velocity of the object goes to zero (for example if the object hits a barrier), then Equation 

(34) becomes: 0. 𝑤௠ᇱ = 𝑝𝑚଴. 0 + 𝛼𝑓. 0 

Since – 𝑝 = 0, then −𝑝𝑤௠ᇱ = 𝑝𝑚଴. −𝑝 + 𝛼𝑓. −𝑝 −𝑝𝑤௠ᇱ = 𝑚଴ − 𝑝𝛼𝑓 𝑤௠ = 𝑚଴ − 𝑝𝛼𝑓 (35) 

Equation (36) is the original wave-mass function. This means that when the velocity of the wave 

reaches zero (for example the wave hitting a screen or barrier) it will turn back into a particle.  

Appendix 4: Proof of the relation between Schrödinger’s wave function and the new wave-mass 

function is given in Equation (22) 

Schrödinger’s wave function (Ψ) is given by Equation (36) 

  Ψ = 𝑒௜(௞௫ିఠ௧) (36) 

where, 𝑘 is the wave number, 𝑥 is the position along the wave, 𝜔 is the angular frequency and 𝑡 

is the time at which the wave is being examined.  Now, the frequency 𝑓 of the wave is related to the 

angular frequency 𝜔 by the expression: 

  𝑓 = ఠଶగ (37) 

The angular frequency 𝜔 can be extracted from Schrödinger’s wave function (Ψ) using the following 

expression: 

 𝜔 = ଵି௜ஏ × డஏడ௧  (38) 

Combining Equation (37) and Equation (38) gives frequency f in terms of the Schrödinger’s wave 

function (Ψ): 

  𝑓 = ଵିଶగ௜ஏ × డஏడ௧  (39) 

Using Equation (8) we can replace 𝑚଴ and 𝑓 in the wave-mass function with Equation (39) and 

simplify. This gives the following: 𝑤௠ = 𝑚଴ − 𝑝 (𝛼𝑓) 𝑤௠ =  ( 𝛼−2𝜋𝑖Ψ × 𝜕Ψ𝜕𝑡 ) − 𝑝 ൬ 𝛼−2𝜋𝑖Ψ × 𝜕Ψ𝜕𝑡 ൰ 𝑤௠ =  ൬ 𝛼−2𝜋𝑖Ψ × 𝜕Ψ𝜕𝑡 ൰ + 𝑝 ൬ 𝛼2𝜋𝑖Ψ × 𝜕Ψ𝜕𝑡 ൰  
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𝑤௠ =  ൬ 𝛼2𝜋𝑖Ψ × 𝜕Ψ𝜕𝑡 ൰ (−1 + 𝑝) 𝑤௠ =  ൬ 𝛼2𝜋𝑖Ψ × 𝜕Ψ𝜕𝑡 ൰ (−1 + 𝑝) 

 

But −1 + 𝑝 = √2 ቀିଵ√ଶ + ଵ√ଶ 𝑝ቁ = √2𝑒௣ቀయరగቁ 

Hence: 𝑤௠ =  ൬ 𝛼2𝜋𝑖Ψ × 𝜕Ψ𝜕𝑡 ൰ (−1 + 𝑝) 𝑤௠ =  ൬ 𝛼2𝜋𝑖Ψ × 𝜕Ψ𝜕𝑡 ൰ √2𝑒௣ቀଷସగቁ 

𝑤௠ =  ቌ𝛼𝑒௣ቀଷସగቁ√2𝜋𝑖Ψ × 𝜕Ψ𝜕𝑡 ቍ  
This is the derivation of the relation given by Equation (22). 

Appendix 5: Proof of Equation (23) the relation between energy an object possesses and the new 

wave-mass function 𝒘𝒎 = 𝒎𝟎 − 𝒑 (𝜶𝒇) 

Multiplying by 𝑐ଶ 𝒘𝒎𝒄𝟐 = 𝒎𝟎𝒄𝟐 − 𝒑 (𝜶𝒇)𝒄𝟐 (40)𝒘𝒎𝒄𝟐 = 𝒎𝟎𝒄𝟐 − 𝒑 𝒉𝒇    (since 𝜶𝒄𝟐 = 𝒉 ) (41)

But recall the relations 𝜆 =  ௛௣ which implies ℎ =  𝜆𝑝 where 𝑝 is the momentum of the particle. 

Additionally, 𝑐 = 𝑓𝜆 which implies that 𝑓 =  ௖ఒ. 

Hence 𝑤௠𝑐ଶ = 𝑚଴𝑐ଶ − 𝑝 ℎ𝑓     𝑤௠𝑐ଶ = 𝑚଴𝑐ଶ − 𝑝  ቀ𝜆𝑝 × ௖ఒቁ     𝑤௠𝑐ଶ = 𝑚଴𝑐ଶ − 𝑝 𝑐𝑝    
Now: 𝑤௠𝑐ଶ = ቀඥ(𝑚଴𝑐ଶ)ଶ +  (𝑐𝑝)ଶቁ ൬ ௠బ௖మඥ(௠బ௖మ)మା (௖௣)మ − 𝑝  ௖௣ඥ(௠బ௖మ)మା (௖௣)మ൰  

But according to Equation (17): 𝐸 = ඥ(𝑚଴𝑐ଶ)ଶ + (𝑐𝑝)ଶ 

Hence: 𝑤௠𝑐ଶ = 𝐸 ൬ ௠బ௖మඥ(௠బ௖మ)మା (௖௣)మ − 𝑝  ௖௣ඥ(௠బ௖మ)మା (௖௣)మ൰  

By result 10 of Table 2 𝑤௠𝑐ଶ = 𝐸 ቀ𝑒ି௣ഏరቁ    𝑤௠𝑐ଶ ቀ𝑒௣ഏరቁ = 𝐸    
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This is the derivation of Equation (23). 
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