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Abstract: Mereology stands for the philosophical concept of parthood and is based on a sound set 

of fundamental axioms and relations. One of these axioms relates to the  

existence of a universe as a thing having part all other things. 

The present article formulates this logical expression first as an algebraic inequality and eventually 

as an algebraic equation reading in words:  

The universe equals the sum of all things. 

“All things” here are quantified by a “number of things”. Eventually this algebraic equation is 

normalized leading to an expression 

The whole equals the sum of all fractions. 

This introduces “1” or “100%” as a quantitative – numerical - value describing the “whole”. The 

resulting “basic equation” can then be subjected to a number of algebraic operations. Especially 

squaring this equation leads to correlation terms between the things implying that the whole is 

more than just the sum of its parts. Multiplying the basic equation (or its square) by a scalar allows 

for the derivation of physics equations like the entropy equation, the ideal gas equation, an 

equation for the Lorentz-Factor, conservation laws for mass and energy, the energy-mass 

equivalence, the Boltzmann statistics, and the energy levels in a Hydrogen atom. It further allows 

deriving a “contrast equation” which may form the basis for the definition of a length and a time 

scale. Multiplying the basic equation with vectors, pseudovectors, pseudoscalars and eventually 

hypercomplex numbers opens up the realm of possibilities to generate many further equations. 

Keywords: entropy; Boltzmann statistics; Lorentz-factor; mereology; analytical philosophy; 

conservation laws; vacuum energy; cosmologic constant problem; invariance; hypercomplex 

numbers; Octonions; energy-mass equivalence; Ur-Alternatives; mereotopology; mereophysics  

 

1. Introduction 

 

Epistemology and Gnosiology are major areas of philosophy addressing questions related to 

pre-conditions for the acquisition of insights and discoveries, the generation and accumulation of 

knowledge and to origins of other forms of perception and beliefs [adapted from [1]]. Gnosiology 

("study of knowledge") is "the philosophy of knowledge and cognition"[2]. “…. as a philosophical 

concept, gnosiology broadly means the theory of knowledge, which in ancient Greek philosophy 

was perceived as a combination of sensory perception and intellect and then made into 
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memory…”[3]. The term gnosiology in this reference is then further elaborated for the area of 

science: ”...in the context of science, gnosiology takes on a different meaning: the study of 

knowledge, its origin, processes, and validity”.  

 

Both - epistemology and gnosiology - draw on the definition of words and their meanings being 

at the core of ontology for which following specification is given (cited from [4]). “Ontology is the 

philosophical study of the nature of being, becoming, existence, or reality, as well as the basic 

categories of being and their relations”. Traditionally listed as a part of the major branch of 

philosophy known as metaphysics, ontology often deals with questions concerning what entities 

exist or may be said to exist and how such entities may be grouped, related within a hierarchy, and 

subdivided according to similarities and differences [5]. A very simple definition of ontology is that 

it is the examination of what is meant, in context, by the word 'thing'. 

 

Ontologies currently gain increasing importance in the area of organizing knowledge, of 

providing a common language, of improving interoperability between humans and computers or 

between different tools being performed on computers. Ontologies also find applications in artificial 

intelligence and machine learning approaches. The European Materials & Modelling Ontology 

“EMMO” has recently been elaborated [6], [7]. This ontology is constructed from very fundamental 

principles and covers ontologies for both models and materials and also for semiotics i.e. the way 

how a meaning is assigned to symbols. The work on this ontology has catalyzed the present article. 

 

The first version of EMMO at its uppermost, abstract level classified things into “sets” and 

“things, which are not a set” the latter being called “items” in EMMO. All “sets” in this ontology 

were subject to classical “set theory” like the ZFC (the “Zermelo–Fraenkel set theory including the 

axiom of choice [8]). In the actual version of EMMO, however, sets are replaced by collections having 

at least two members and thus not being sets because not allowing for singletons [9].  

 

The “item” class in the EMMO in a first place was defined as being disjoint from the “set” class 

and thus comprises “anything which is not a set”. Interestingly this definition relates to C.F. von 

Weizsäcker’s “Ur-alternatives” being defined as “anything which is not a set” [10]. The EMMO then 

provides a further interpretation of “items” as fusions of things, which underlie the philosophical 

concepts of mereology resp. mereotopology. The major characteristic relations in mereology are the 

has_part resp. item is_part_of relations. Interestingly, all physical objects in EMMO are categorized 

as items i.e. as things being described by mereology. 

 

The term mereology was first coined by Stanisław Leśniewski as one of three formal systems: 

protothetic, ontology, and mereology. “Leśniewski was also a radical nominalist: he rejected 

axiomatic set theory at a time when that theory was in full flower. He pointed to Russell's paradox 

and the like in support of his rejection, and devised his three formal systems as a concrete alternative 

to set theory” [11]. The mereological and mereotopological concepts like the different types of 

parthood relations as used the EMMO are based on the book “Parts & Places“ [12] and the references 

therein. 

 

The present article is an essay to quantify mereology. The scope is – starting from first order 

logic expressions and axioms of mereology - to provide an algebraic equation comprising at least 

one numerical value. Once being available, such an algebraic equation in view of its fundamental 

nature may become the source to derive further equations in a deductive manner. In the following 

the reasoning for the individual steps towards such an equation is provided before eventually 

deducing some physics laws from it. 
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2. From mereology to quantitative mereology   

 

The term mereology originates from Ancient Greek μέρος (méros, “part”) +‎ -logy (“study, 

discussion, science”) while the term topology from Ancient Greek τόπος (tópos, “place, locality”) + 

-(o)logy (“study of, a branch of knowledge”). The combined expression mereotopology stands for a 

theory combining mereology and topology and the philosophical branch of mereotopology aims at 

investigating relations between parts and wholes and boundaries between them.  

 

The fundamentals of mereology and mereotopology are described in full detail with all logical 

expressions, axioms and their derivation from First Order Logic in [13] and are not detailed here. 

One of the axioms of mereology relates to the existence of a universe as an item which has part all 

other items [12],[14]:   

 

Axiom (“Top”): There exists a "universal object", designated W, such that PxW (read “x is part 

of W”) holds for any x, meaning that all x are part of W: 

  

∃W ∀x [PxW] (1) 

 

In the following and throughout the entire article a “quantification” of this logical expression is 

attempted. The first step towards this quantification relates to the “all quantifier” ∀. “All” in the 

present article in a first step is quantified as the number Nx of things xi (i=1,..,Nx) constituting the 

present universe. Reasoning for the further extension to “All” is provided in the course of this article.  

The universe W existing according to above mereological axiom has part all things and 

accordingly must be greater or equal than the sum of the things: 

𝑊 ≥ ∑ 𝑥𝑖

𝑁𝑥

𝑖=1

 (2) 

It follows that there exists an 𝑥0 – a matrix thing - which - when being added - generates 

equality: 

𝑊 = 𝑥0 + ∑ 𝑥𝑖

𝑁𝑥

𝑖=1

= ∑ 𝑥𝑖

𝑁𝑥

𝑖=0

 (3) 

This sum additionally includes the “matrix” thing 𝑥0, which has part all other things, Fig 1.  

 

Fig 1: Different “matrix” things 𝑥0 

(marked by gray dashed boundaries) 

enclosing the same set of things (blue 

yellow, red). They all have_part all other 

things and thus represent possible 

universes according to the mereology 

axiom. The relative size and shape of the 

𝑥0  domains may differ. Selecting one of 

the 𝑥0  fixes the universe U under 

consideration. 

 

𝑈 = ∑ 𝑥𝑖

𝑁𝑥

𝑖=0

 (5) 
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The universe U according to this expression is the sum of its parts including the matrix. In a 

further quantification step one can “normalize” this universe getting the numerically quantified 

value “1”: 

1 = ∑
𝑥𝑖

𝑈

𝑁𝑥

𝑖=0

 (6) 

Renaming the xi/U - being the fractions of the universe - to i leads to the “basic equation”: 

1 = ∑𝑖

𝑁

𝑖=0

   

(𝑏𝑎𝑠𝑖𝑐 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛) 

(7) 

 

This equation expressed in words reads: 

 

The “whole” is the sum of its fractions 

(including the matrix as a fraction) 

 

Several assumptions have been made above to motivate this formula on the basis of a mere 

logical expression. While a strong need for a rigorous derivation arises, quite a number of important 

conclusions can be drawn from further investigating this formula in detail. In the following all 

“things” are interpreted as being fractions of the universe. 

The universe, the whole, or just everything – named “1” – is the sum of all (a very large but 

countable number) fractions – whether they are existing or they are not-existing. The name of each 

thing is 𝑖 with the index i (a positive integer number) being used to distinguish a thing i from 

another thing j. 

  

 

Fig: 2: A universe of things embedded in a spacetime region (limited by the frame). All of the things 

have boundaries with the vacuum/matrix “0” only. Thing 7 is not considered to be a part of this 

particular universe/ spacetime-region. Thing 6 is a thing which might have been part of the universe 

in the past or might become part of the universe in the future, but does not exist in the considered 

time-interval. The total number of existing things in this region 𝑁 thus is 5 and together with the 

matrix 0 sums up to 6. 

An existant denotes a thing existing in a finite period of time. This comprises all things/objects, 

which exist in a system during an observation. The system may be defined as a region under 

consideration or even as the entire universe. The number of existants is called 𝑁 and may be very 

large. All existants sum up to the maximum of 1 (meaning 100% of all known (or considered) 
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existing things). In absence of any other thing (i.e. for 𝑁=0), the vacuum 0 remains as the only 

existant.  

 

The basic equation – which has already unveiled its power in multi-phase-fields models [15] 

describing the evolution of complex structures [16] - holds everywhere and any time i.e.:  

∑𝑖(𝑥, 𝑡)

𝑁

𝑖=0

= 1   𝑓𝑜𝑟 𝑎𝑙𝑙 𝑥 𝑎𝑛𝑑 𝑎𝑙𝑙 𝑡 (8) 

 

If a thing is “existent” it takes a non-zero value [17]: 

 

  0 < 𝑖 ≤ 1 (9) 

 

If a thing is “non-existent” (or “not yet existent” or “no more existent”) it takes exactly the value 

zero with the potential of changing to a non-zero value i.e. with the potential of becoming an existent 

thing. The all quantifier ∀ in the original mereological expression can in this way de-facto be 

recovered by extending the sum from minus to plus infinity yielding the fundamental equation: 

  

∑𝑖

∞

−∞

   =     ∑𝑖

−1

−∞

   +     ∑𝑖

𝑁

𝑖=0

     + ∑ 𝑖

∞

𝑖=𝑁+1

= 1 

∑𝑖

∞

−∞

   =     𝑝𝑎𝑠𝑡 𝑡ℎ𝑖𝑛𝑔𝑠   +      𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑡ℎ𝑖𝑛𝑔𝑠     +  𝑓𝑢𝑡𝑢𝑟𝑒 𝑡ℎ𝑖𝑛𝑔𝑠 = 1 

(𝑓𝑢𝑛𝑑𝑎𝑚𝑒𝑛𝑡𝑎𝑙 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛) 

(10) 

 

Because past & future things are “not more” or “not yet” existing they all take exactly the value 

zero and the fundamental equation thus reduces to the basic equation: 

 

∑𝑖

∞

−∞

   =    ∑𝑖

𝑁

𝑖=0

     = 1 (11) 

 

Note that the number of things 𝑁  not necessarily is a constant. New things may occur by 

splitting of existing things (increasing the number 𝑁) or new things may be created by fusion of 

existing things (decreasing the number 𝑁). 

 

If a thing is the only thing existing in a region, it takes the value 1 in that particular region of 

spacetime. The thing “0” can be considered as the matrix, as “the vacuum”, or simply as a region of 

“spacetime” itself. 

It can be noted that this basic equation is a scalar equation and does not contain any information 

neither about time nor about space. It thus is independent of space and time and holds anywhere 

and anytime. Accordingly, it is also invariant under translations and rotations in space and also 

invariant under translations in time. Following the Noether theorem these invariances directly 

imply the conservation of quantities like momentum, spin and energy [18]. The equation also 

accounts for the requirements of unitarity and locality being fundamental principles of quantum 

mechanics. The sequence of summing up things does not change the result. This corresponds to the 

commutative law in mathematics and is important as it allows for sorting of things and correlations 

between neighbored things. 

 

3. Correlations 
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The whole is more than the sum of its fractions 

 

Things may interact with other things. Such interactions correspond to correlations between the 

things. These correlations only exist if the things coexist during a finite interval of time. Things 

coexist at least at their mutual boundary. 

 

The basic equation can easily be squared: 

∑𝑖

𝑁

𝑖=0

= 1   → (∑𝑖

𝑁

𝑖=0

)

2

= 12 = 1 

 

(12) 

which provides: 

 

(∑𝑖

𝑁

𝑖=0

)

2

= 12 = 1 = 𝑖
2 + 𝑗

2 + ⋯ + 𝑖𝑗 + 𝑗𝑖 + ⋯ + ⋯ = ∑𝑖
2

𝑁

𝑖=0

+ ∑ 𝑖

𝑁

𝑖,𝑗=0
𝑖≠𝑗

𝑗 

 

In short this reads: 

1 = ∑𝑖
2

𝑁

𝑖=0

+ ∑ 𝑖

𝑁

𝑖,𝑗=0
𝑖≠𝑗

𝑗 
(13) 

This procedure obviously introduces correlation terms of type 𝑖𝑗 between different things, 

i.e. terms describing the coexistence resp. interactions of pairs of things. Such terms are only present 

if the things are coexistent i.e. both things have non-zero values. These terms can be further 

elucidated as follows. This equation in combination with the basic equation (equation (7), repeated 

here for better readability)   

∑𝑖

𝑁

𝑖=0

= 1 

gives 

− ∑ 𝑖

𝑁

𝑖,𝑗=0
𝑖≠𝑗

𝑗 =   ∑𝑖
2

𝑁

𝑖=0

− 1 = ∑𝑖
2

𝑁

𝑖=0

− ∑𝑖

𝑁

𝑖=0

= ∑(𝑖
2−𝑖)

𝑁

𝑖=0

 
(14) 

The term in brackets on the right hand side of this equation interestingly corresponds to the 

lowest order of the Taylor expansion of an entropy type logarithmic formulation [19]: 

𝑖
2 − 𝑖  ≅  𝑖ln𝑖

      (𝑓𝑜𝑟 
𝑖

≤ 1) (15) 

∑𝑖ln𝑖

𝑁

𝑖=0

≅  ∑(𝑖
2−𝑖)

𝑁

𝑖=0

 (16) 

In total, the correlations of one thing with all other things can thus obviously be expressed by a 

function of that single thing only: 
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∑ 𝑖

𝑁

𝑖,𝑗=0
𝑖≠𝑗

𝑗 ≅  − ∑𝑖𝑙𝑛𝑖
    ("𝑐𝑜𝑟𝑟𝑒𝑙ation eq𝑢𝑎𝑡𝑖𝑜𝑛")

𝑁

𝑖=0

 
(17) 

𝑆 = − ∑   𝑖 𝑙𝑛 

𝑁

𝑖=0

𝑖 

("entropy equation)" 

 

(18) 

This term S is the well-known entropy formulation appearing in Gibbs’s thermodynamics ([20], 

[21]), in the derivation of Boltzmann’s statistics [22], or in Shannon’s theory of communication [23]. 

This seems a very important intermediate result:  

 

entropy type terms are related to correlations of things 

 

Because correlations exist at least at interfaces – entropy type terms are related to interfaces. As 

a side remark, also the Bekenstein-Hawking entropy of a black hole in its dimensionless notation 

𝑆𝐵𝐻 =
𝐴

4𝑙𝑝
2 is proportional to the area of the event horizon, which is an interface [24]. 

 

Correlations further correspond to interactions and eventually interactions between things 

correspond to forces. Forces are often described as gradients of scalar fields. Such gradients exist at 

boundaries between things. Correlations have further been shown to be related to entropy type 

terms. The terms correlation, interaction, force, gradient, entropy, and boundary for this reason seem to 

be strongly interrelated and may even be based on a common principle like quantitative 

mereotopology [25]. 

4. Deriving physics laws 

An important ingredient in the basic equation is the total number of things 𝑁 . This total 

number of things can be exploited to derive some quite fundamental equations of physics as will be 

shown in the following sections. 

4.1 Conservation laws  

 A property E (let it be the property “energy”) can be assigned by multiplying the basic 

equation with a scalar E having – or not having - also a unit: 

∑𝑖𝐸

𝑁

𝑖=0

= 𝐸 

∑ 𝐸𝑖

𝑁

𝑖=0

= 𝐸 

∑
𝐸𝑖

𝐸

𝑁

𝑖=0

= 1 

(19) 

In words: the sum of all energies is a positive constant. The time derivative of this 

equation reads (20) 
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∑ Ėi

N

i=0

= 0  

(energy conservation) 

 

which allows exchanging energy between the different states but makes the property E an 

overall conserved quantity. In a similar way, we can assign another property M (let it be the 

property “mass”) 

∑𝑖𝑀

𝑁

𝑖=0

= 𝑀 

∑ 𝑀𝑖

𝑁

𝑖=0

= 𝑀 

∑
𝑀𝑖

𝑀

𝑁

𝑖=0

= 1 

(21) 

In words: the sum of all masses is a constant. The time derivative of this equation reads 

∑ 𝑀̇𝑖

𝑁

𝑖=0

= 0  

(𝑚𝑎𝑠𝑠 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛) 

(22) 

which allows exchanging mass between the different states but makes the property M an 

overall conserved quantity. 

A first conclusion, which can be drawn from the above is that any scalar value being multiplied 

to the basic equation would be a conserved quantity. Any scalar value can, however, be represented 

as a sum, as a product or as a sum of products of other scalar values.  

 

To allow for summation of different entities having different units, a conversion of units by 

some conversion factors has to be assured. The conversion factor between energy and mass units is a 

priori unknown and may be called c2 (to account for prior knowledge/conventions) 

 

∑𝑖(𝐸 + 𝑀𝑐2

𝑁

𝑖=0

) = (𝐸 + 𝑀𝑐2) 

∑(𝐸𝑖 + 𝑀𝑖𝑐2

𝑁

𝑖=0

) = (𝐸 + 𝑀𝑐2) 

∑(𝐸̇𝑖 + 𝑀̇𝑖𝑐
2

𝑁

𝑖=0

) = 0 

∑ 𝐸̇𝑖

𝑁

𝑖=0

+ ∑ 𝑀̇𝑖𝑐
2

𝑁

𝑖=0

= 0 

(23) 

This equation if fulfilled in case both entities are conserved individually. In general, however, 

this implies that there is only one overall conserved property – the sum of all dimensionless 
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properties – which is conserved for sure. Conversion of the property mass to the property energy 

and vice versa is possible on the basis of this equation. 

4.2 Energy –Mass Equivalence 

Using the above equations we can further write 

∑
𝑀𝑖

𝑀

𝑁

𝑖=0

= 1 = ∑
𝐸𝑖

𝐸

𝑁

𝑖=1

 

∑ 𝑀𝑖

𝐸

𝑀

𝑁

𝑖=0

= ∑ 𝐸𝑖

𝑁

𝑖=1

 

0 = ∑ {𝐸𝑖 − 𝑀𝑖

𝐸

𝑀
}

𝑁

𝑖=0

 

(24) 

In case all individual contributions are greater equal 0 it follows that each individual 

contribution to the sum has to be identical 0: 

0 = Ei − Mi

E

M
 (25) 

with E/M – the ratio of the total energy of the universe and the total mass of the universe - being 

a universal physical constant. Naming this constant c2  

𝐸

𝑀
= 𝑐2 (26) 

one gets the well-known Einstein relation between mass and energy: 

𝐸𝑖 = 𝑀𝑖𝑐2 
(𝑒𝑛𝑒𝑟𝑔𝑦 − 𝑚𝑎𝑠𝑠 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑐𝑒) 

(27) 

4.3 The Lorentz-factor  

Let there be some additional type of “energy” called Ekin so that the total energy reads 

𝐸 = 𝐸0+𝐸𝑘𝑖𝑛 (28) 

 

As all energy is positive, E is larger than E0 by some positive factor  (which is greater equal 1) and 

can be written as 

𝐸 = 𝐸0 (29) 

𝐸0 = 𝐸0+𝐸𝑘𝑖𝑛 (30) 

Solving this equation for  yields 

 =
𝐸0+𝐸𝑘𝑖𝑛

𝐸0
 (31) 

This formula fully defines the Lorentz factor although not in its usual form [26] 

4.4. Derivation of the ideal gas law  
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The derivation of the ideal gas law is based on describing the averages of properties (noted as 

values in brackets). The average_volume of things corresponds to the total volume divided by the 

number of things: 

∑𝑖𝑉

𝑁

𝑖=0

= ∑ 𝑉𝑖

𝑁

𝑖=0

= 𝑉 = (𝑁 + 1) 〈𝑉〉 (32) 

The average_energy per thing can be described in an analogue way as 

∑𝑖𝐸

𝑁

𝑖=0

= ∑ 𝐸𝑖

𝑁

𝑖=0

= 𝐸 = (𝑁 + 1) 〈𝐸〉 (33) 

The additional “+1” in these equations arises from extending the sum also over the 

vacuum/matrix thing 0 , which is an inherent part of the basic equation. In case of a large number 

of molecules/atoms in a gas (e.g. 1023 atoms) this additional “1” does not play any role as in this case 

(with an error of 10-23): 

𝑁 + 1 ~𝑁  (34) 

The average_ energy per thing is the basis for the definition of the temperature T: 

 

〈𝐸〉 =
𝐸

𝑁

       (~ 𝑘𝑇) (35) 

 

The average_energy per volume i.e. the average_energy_density (commonly denoted as pressure p) 

reads  

𝐸

𝑉
=

〈𝐸〉

〈𝑉〉
         (~𝑝) (36) 

 

Equating these average energies yields 

 

 

𝑝𝑉 =
〈𝐸〉

〈𝑉〉
𝑉 =

〈𝐸〉

〈𝑉〉
𝑁〈𝑉〉 = 𝑁〈𝐸〉 = 𝑁

𝐸

𝑁

= 𝑁𝑘𝑇 (37) 

 

which ultimately results in the ideal gas equation: 

 

𝑝𝑉 = 𝑁𝑘𝑇 

(ideal gas equation) 
(38) 

 

Not neglecting the “+1” in equation (34) leads to 

 

𝑝𝑉 = (𝑁 + 1)𝑘𝑇 

(modified ideal gas equation) 
(39) 

 

Interestingly this equation also relates energy to the number of states and to temperature and 

introduces the conversion factor k: 

𝐸 = (𝑁 + 1)𝑘𝑇 (40) 

 

4.5. Vacuum energy  
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In absence of all other things equation (39), however, implies the existence of a “vacuum 

energy” 

𝐸0 = 〈𝐸〉 𝑓𝑜𝑟 𝑁 = 0 (41) 

For a single thing/state in a vacuum/matrix on gets: 

 

𝐸0 + 𝐸1 = 2〈𝐸〉 𝑓𝑜𝑟 𝑁 = 1 (42) 

 

This case can probably be identified with the ground state of a quantum mechanical system. In 

any case the formula suggests that the vacuum is just one further degree of freedom in a 

thermodynamic system. In thermodynamic equilibrium in this two state system (ground state and 

vacuum) it takes a value of ½ kT. In the prior case with 1023 particles only a share of 10-23 kT remains 

for the vacuum. However, based on this formula, it can be stated that the vacuum energy in this 

interpretation is a non-zero, positive and finite value. Further investigations on this interpretation 

might be interesting with respect to the cosmological constant problem [27], which shows 

discrepancies for the value of the vacuum energy of more than 120 orders of magnitude [28]. 

4.6 Energy levels in the Hydrogen atom 

The average energy in a system with n things/states reads 

 

〈𝐸𝑛〉 =
𝐸

𝑛
 (43) 

 

The change of this average energy when adding one or more further states during a time 

interval T reads 

〈𝐸𝑚〉 − 〈𝐸𝑛〉 = ∫
𝜕〈𝐸〉

𝜕𝑛

𝑇

0

𝜕𝑛

𝜕𝑡
𝑑𝑡 (44) 

With  

∂〈E〉

∂n
= −

E

 n2
 (45) 

and 

n(t = 0) = n  and  n(t = T) = m (46) 

 

and assuming a “sharp” - delta function type - change rate 

∂n

∂t
=   (t − t0) 

 
(47) 

this integral eventually yields 

〈Em〉 − 〈En〉 = E (
1

n2
−

1

m2
) (48) 

 

Renaming the energy E to Ry (the so called Rydberg energy) gives 

 

〈𝐸𝑚〉 − 〈𝐸𝑛〉 = 𝑅𝑦 (
1

𝑛2
−

1

𝑚2
) 

(energy levels in hydrogen) 
 

(49) 

which exactly corresponds to the formula for describing the energy levels in the hydrogen atom [29]. 

 

4.7 Derivation of the Boltzmann statistics  
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Using equations (14) and (16) one can write 

 

∑𝑖ln𝑖

𝑁

𝑖=0

− ∑𝑖
2

𝑁

𝑖=0

= 1 = ∑𝑖

𝑁

𝑖=0

 (50) 

   
Assigning the property “energy” proceeds by multiplication of both sides with E and provides 

𝐸 ∑𝑖ln𝑖

𝑁

𝑖=0

− 𝐸 ∑𝑖
2

𝑁

𝑖=0

  = 𝐸 ∑𝑖

𝑁

𝑖=0

 (51) 

with  

𝐸𝑖 = 𝐸𝑖  (𝑎𝑛𝑑 𝑎𝑐𝑐𝑜𝑟𝑑𝑖𝑛𝑔𝑙𝑦 𝐸𝑖
2 =  𝑖 𝐸𝑖  ) 𝑎𝑛𝑑  〈𝐸〉 =

𝐸

𝑁

 (52) 

this equation gives 

𝑁〈𝐸〉 ∑𝑖ln𝑖

𝑁

𝑖=0

− ∑𝑖 𝐸𝑖 

𝑁

𝑖=0

  = 𝑁〈𝐸〉 

 

(53) 

Renaming the average energy to 

𝑁〈𝐸〉 =  
1


  ( 𝑤𝑖𝑡ℎ  

1


 𝑡𝑜 𝑏𝑒 𝑖𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑒𝑑 𝑤𝑖𝑡ℎ 𝑘𝑇) 

 

(54) 

and multiplying both sides with  yields 

𝑁〈𝐸〉 ∑𝑖ln𝑖

𝑁

𝑖=0

− ∑𝑖 𝐸𝑖 

𝑁

𝑖=0

  = 𝑁〈𝐸〉 

 

(53) 

This ultimately leads to following dimensionless equation: 

∑𝑖ln𝑖

𝑁

𝑖=0

−  ∑𝑖 𝐸𝑖 

𝑁

𝑖=0

− ∑𝑖

𝑁

𝑖=0

 = 0 (54) 

This equation can directly be compared to the free energy functional in classical 

thermodynamics being based on Gibbs’s formulation of the following variational problem, see e.g. 

[30]: 

𝛿

𝛿𝑖 
{∑𝑖

𝑁

𝑖=0

ln𝑖 −  (∑𝑖 𝐸𝑖 

𝑁

𝑖=0

 −  𝐸𝑡𝑜𝑡 ) − µ (∑𝑖 

𝑁

𝑖=0

− 1)} = 0 

 

(55) 

with  and µ being the Lagrange multipliers accounting for the constraints of energy and 

probability conservation. The solution of this variational problem yields the well-known relation for 

the probability of specific state  𝑖 : 

𝑖 =  𝑒−E𝑖 /𝑍    𝑤𝑖𝑡ℎ     𝑍 =  ∑ 𝑒−E𝑖 

𝑁

𝑖=0

 (56) 

The absolutely identical solution is obtained when applying the variational procedure onto 

equation (54). This demonstrates that one of the most fundamental equations of thermodynamics 

can be derived from the mereological description as depicted in the present article. The constraints 
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(Lagrange multipliers) being introduced into the original Gibbs’s formulation to account for energy 

and probability conservation emerge fully naturally from the scheme being outlined in the present 

article. 

5. The contrast equation 

The basic equation can obviously be substracted from itself (just different indices are used): 

 

∑i

N

i=0

− ∑j

N

j=0

= 0 (57) 

 

In both cases the i can - and shall - be arranged in a monotonously decreasing order with 0 

being the largest value and N being the smallest value. The equation can then be rewritten as 

 

(N
+ ∑ i

N−1

i=0

) − (0 + ∑j

N

j=1

) = 0 

 

(58) 

 

∑ i

N−1

i=0

− ∑j

N

j=1

= 0−N
 (59) 

 

Renaming j=i+1 yields 

 

∑ i

N−1

i=0

− ∑ i+1

N−1

i+1=1

= 0−N
 

 

∑ (i − i+1)

N−1

i=0

= 0−N
 

 

∑ ∆i

N−1

i=0

= 0−N
 

 

∑
∆i

0−N

N−1

i=0

= 1 

(60) 

 

As the i are monotonously decreasing, 0 and N correspond to the maximum/minimum 

values max and min, respectively, yielding the “contrast equation”: 

 

∑
∆i

max−min

N−1

i=0

= 1  (“𝑐𝑜𝑛𝑡𝑟𝑎𝑠𝑡 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛”) (61) 
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The difference between the maximum and minimum values is the largest difference which can 

occur in the system 
max−min = ∆max (62) 

 

It never can reach the value of 1 because both, max and min, are considered as existing and 

thus both have non-zero values : 
∆max  < 1 (63) 

 

The difference ∆i can be written as the change/variation of  with respect to some property 

multiplied with the difference in this property x  

 

∆i =  
𝜕i

𝜕𝑥
 ∆𝑥 (64) 

Analogue for some other property t 

∆i =  
𝜕i

𝜕𝑡
 ∆𝑡 (65) 

As an example, although neither space nor time have yet been introduced explicitly (but the 

basic equation holds anywhere and anytime, see above)  
𝜕i

𝜕𝑥
 will be identified with the one 

dimensional spatial gradient – a scalar - represented by the Nabla symbol (, without arrow) 

 

∆i =  i ∆𝑥 
 

∆max =  max ∆𝑥 
 

1 > ∆max =  max ∆𝑥 
 

(66) 

In a limiting case the maximum contrast asymptotically approaches the value of 1 

 

1 ≅  max ∆𝑥 (67) 

 

Accordingly, there is a characteristic length corresponding to the steepest gradient which may 

asymptotically be reached in the system. This length is called lp as it probably is related to the Planck 

length: 

∆𝑥 =  
1

max
= 𝑙𝑝  

(𝑃𝑙𝑎𝑛𝑐𝑘 𝑙𝑒𝑛𝑔𝑡ℎ) 

(68) 

 

In a similar way the maximum contrast in time can be exploited, which introduces the Planck time as 

related to the maximum change rate 

∆𝑡 =  
1

𝜕max

𝜕𝑡

= 𝑝 

(𝑃𝑙𝑎𝑛𝑐𝑘 𝑡𝑖𝑚𝑒) 
 

(69) 

Inserting the gradient expressions (66) into the contrast equation (61) yields 

∑
i ∆𝑥

max ∆𝑥

N−1

i=0

= 1   (70) 

and eventually 
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∑ i lp

N−1

i=0

= 1   

 

(71) 

The same operations performed on the “basic equation” which eventually yielded the entropy 

equation (see preceding chapters; equations (14) through (18)) allow to derive a “gradient entropy” 

expression to be derived from equation (71): 

 

𝑆 = − ∑ (i𝑙𝑝)𝑙𝑛 (i𝑙𝑝) 

𝑁−1

𝑖=0

 

("𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 entropy eq𝑢𝑎𝑡𝑖𝑜𝑛") 
 

(72) 

This term (and its generalization to scalar products comprising 3 dimensional gradients) - being 

derived from other concepts at that time [31] - was used in previous articles by the author 

 

(i) to derive the phase-field equation from an entropic approach [31]. 

 

(ii) to derive the “entropy of a geometric sphere” which has been shown to have the identical 

structure of the Bekenstein-Hawking entropy of a black hole [24],[32]: 

 

𝑆𝐵𝐻~
𝐴

4𝑙𝑝
2

 

("𝑏𝑙𝑎𝑐𝑘 ℎ𝑜𝑙𝑒 𝑒𝑛𝑡𝑟𝑜𝑝𝑦")  
 

(73) 

(iii) to derive a formula describing gravity. The derived formula comprises a combination of terms 

similar—at least in a qualitative way—to terms appearing in a number of other theories of 

gravitation. In its simplest approximation the derived equation recovers the classical Newtonian law 

[33]: 

 
∆Φ = 4πG

i
 

("𝑁𝑒𝑤𝑡𝑜𝑛 − 𝑃𝑜𝑖𝑠𝑠𝑜𝑛 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛")  
 

(74) 

The full equation especially comprises terms related to curvature of space and terms corresponding 

to so-called modified Newtonian dynamics “MOND” [34] being one of the concepts not drawing on 

the existence of dark matter to explain e.g. velocity distributions in galaxies. 

6. Outlook 

In this article the “basic equation” has been introduced. This equation – and its square - have 

then been multiplied with a scalar real value. This scalar has been shown to be possibly composed of 

other scalars and only the combined scalar has been shown to be a conserved quantity. 

 

Besides scalars, a number of other mathematical entities relevant to physics can be 

distinguished as disjoint classes according to their behavior under symmetry operations like e.g. 

mirroring: 

 

 

entity example behavior under 

mirroring 

remarks 

scalar energy, 

time 

invariant scalars are scalar products of two vectors or 

two pseudovectors 
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vector/ 

polar vector 

position, 

momentum 

change of sign  

pseudovector/ 

axial vector 

spin, torque invariant pseudovectors typically are vector products of 

(polar) vectors 

pseudoscalar volume change of helicity pseudoscalars are scalar products of vectors 

and pseudovectors 

 

Hypercomplex numbers have recently been shown to be capable of capturing all these types of 

mathematical entities in a single entity called octonion. Octonions have 8 real components: one for 

the scalar, three for the vector, three for the pseudovector and one for the pseudoscalar [35]. 

 

Octonions and their algebra are an extension of the quaternions. Quaternions were introduced 

by Hamilton in 1843. They were used by James Clark Maxwell to describe the Maxwell equations 

[36] before these were reformulated by Oliver Heaviside into the well-known vector calculus 

formulation [37]. Nowadays, “Hypercomplex numbers [38]-[40], especially quaternions, are widely 

used in relativistic mechanics, electrodynamics, quantum mechanics and quantum field theory 

[41]-[48] (see also the bibliographical review in [49])” (adapted from [35], [50]) 

 

It is beyond the scope of the present article to exploit anything what can be done when 

multiplying the basic equation with octonions or other complex/hypercomplex numbers. 

Multiplication of the basic equation with such numbers/entities can be expected to generate further 

insight and many further equations as compared to multiplication with scalars alone being depicted 

in the present article.  

 

A short example is the multiplication with a vector 𝑝⃗ (e.g. momentum) or a pseudovector 

𝐿⃗⃗ (e.g. spin), which both are entities being disjoint from scalars and also disjoint amongst each other: 

∑i

N

i=0

𝑝⃗ = 𝑝⃗ = ∑ 𝑝𝑖⃗⃗⃗ ⃗

N

i=0

       𝑟𝑒𝑠𝑝.         ∑i

N

i=0

𝐿⃗⃗ = 𝐿⃗⃗ = ∑ 𝐿𝑖
⃗⃗⃗⃗

N

i=0

 

 

(75) 

Taking the time derivative of these equations immediately indicates the respective 

vectors/pseudovectors to be further conserved quantities: 

0⃗⃗ = ∑ 𝑝⃗𝑖̇

N

i=0

    

("𝐶𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚")  
 

(76) 

0⃗⃗ = ∑ 𝐿⃗⃗𝑖
̇

N

i=0

   

("𝐶𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚")  
 

(77) 

Another important, future extension of the scheme presented by now is seen in higher powers 

of the basic equation. Higher powers of the basic equation – besides binary correlations between 

pairs of things i. e. terms proportional to  𝑖𝑗 - will lead to correlations between 3 and 4 things like 

𝑖𝑗𝑘  and 𝑖𝑗𝑘𝑙 . Such higher order correlations are related to the coexistence of three 

respectively four things. While two things coexist at boundaries (2D), three things can coexist at 

triple lines (1D) and four things only at quadruple points (0D). 

7. Conclusions  
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Starting from the philosophical concept of mereology, reasoning for a very simple and 

seemingly very fundamental “basic equation” describing the sum of “things in a universe” has been 

provided. Especially this correlation of a philosophical principle with an algebraic equation makes 

the present article an “essay”. All further operations on this basic equation, however, then are simple 

mathematical operations. In a deductive way the basic equation has been used to derive expressions 

for correlations between things which typically occur at interfaces. Terms describing interfaces have 

been shown to be related to correlations and to entropy and a number of physics equations has been 

derived from the same basic equation in the present article, Figure 3: 

 

• Entropy equation 

• Energy conservation equation 

• Mass conservation equation 

• Energy-Mass equivalence 

• Lorentz factor 

• Ideal gas law (with an important amendment) 

• Boltzmann statistics 

• Rydberg equation for the energy levels in hydrogen atoms 

• vacuum energy 

• a formulation for Planck length/time as the inverse of a maximum contrast 

gradient/transient 

• the entropy of a sphere being identical to the black hole entropy [24] 

• an equation for gravity [33] 

• the phase-field equation [31] 

 

 

 
Figure 3: Graphical summary of the equations being derived from the basic equation (center). The 

“mereophysics” approach being detailed in the present article in a surprisingly direct way allowed 

deriving several well-known equations from physics by “quantifying” one of the axioms 

underlying the philosophical concept of mereology. Some of the equations shown were derived in 

previous articles and are based on the “gradient entropy” equation being depicted in the present 
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article. 

 

Concluding remark: This article is driven by personal enthusiasm of the author, who – after deriving 

the ideal gas equation from the mereological equation – was curious to see “what else” could be 

derived. In this sense it was the scope to derive “known equations” and these derivations 

themselves thus may be biased. Actually, however, the applied scheme unexpectedly has even led to 

a minor, but perhaps important, correction to the ideal gas equation. The consequences of this 

correction on the nature of vacuum energy have still to be further explored.  
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