
Title Could the Fundamental Laws of Nature be Inferred Logically (Mathematically) from Only a Very
Few Axioms?

Author(s) ZAHEDI, Ramin

Citation 哲学, 52, 91-108

Issue Date 2018-12-02

Doc URL https://hdl.handle.net/2115/75453

Type departmental bulletin paper

File Information 52_t7.pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



北海道大学哲学会 『哲学J52号 (2018年12月)

Could the Fundamental Laws of Nature 
be Inferred Logically 
(Mathematically) 

from Only a Very Few Axioms? 

Ramin Zahedi 

This article is a summary of an expanded version Ref. [1]. In 

Ref. [1]. as a new mathematical approach to origin of the laws of 

nature. using a new basic algebraic axiomatic (matrix) formalism 

based on the ring theory and Clifford algebras (presented in 

Sec.2)，“it is shown that certain mathematical forms of fundamen-

tal laws of nature. including laws governing the fundamental 

forces of nature (represented by a set of two definite classes of 

general covariant massive field equations. with new matrix for-

malisms). are derived uniquely from only a very few axioms"; 

where in agreement with the rational Lorentz group. it is also ba-

sically assumed that the components of relativistic energy-mo-

mentum can only take rational values. Based on the definite 

mathematical formalism of this axiomatic approach. along with 

the C. P and T symmetries (represented by the corresponding 

quantum matrix operators) of the fundamentally derived field 

equations. it is concluded that the universe could be realized 

solely with the (1+2) and (1 +3)-dimensional space-times. On the 

basis of these discrete symmetries of the derived field equations. 

it has been also shown that only left-handed particle fields (along 

with their complementary right-handed fields) could be coupled 
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to the corresponding (any) source currents. Moreover. it is shown 

that the (1+3)・dimensionalcases of uniquely determined two 

classes of general covariant field equations. represent. respec-

tively. new massive forms of the bispinor fields of spin-2. and 

spin-l particles; and (1 +2)-dimensional cases of these equations 

represent (asymptotically) new massive forms of the bispinor 

fields of spin-3/2 and spin-112 particles. respectively. As a par-

ticular result. based on the d巴finiteformulation of the derived 

Maxwell equations (representing by the derived bispinor fields of 

spin-l particles. including Yang-Mills equations compatible with 

two specified forms of gauge symmetry groups). it has been con-

cluded that magnetic monopoles could not exist in nature. Fur-

thermore. along with the known elementary particles. eight new 

elementary particles. including four new charge-less right-handed 

spin-l/2 fermions (two leptons and two quarks). a spin-3/2 ferm・

ion. and also three new spin-l (massive) bosons are predicted 

uniquely by this axiomatic approach. 

PACS Classzjications: 04.20.Cv. 04.50.Kd. 04.90.+e. 04.62.+v. 02.10. 

Hh. 02.10.Yn. 02.20.Bb. 02.90.+p. 03.50.-z. 03.65.Pm. 12.60よ 12.l0.Dm.

12.l0.-g. 

1. Introduction 

Let we start with one of the basic ontological questions that philoso-

phy and science can ask and investigate. Why do the known fundamental 

forces acting on the Universe (i.e.. the four basal forces that appear to 

cause all the movements and interactions between the existing bodies in 
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nature which are made from a few kinds of the elementary particles)， 

manifest in the specific “way and form" which they do permanently? In 

this article we present a summary of Ref. [1]， where we have considered 

this question and tried to find a deterministic answer for it by presenting 

a new mathematical axiomatic approach. 

Eugene Wigner's foundational paper，“On the Unreasonable Effective-

ness of Mathematics in the Natural Sciences"， famously observed that 

purely mathematical structures and axiomatic approaches often lead to 

deep physical insights， in turn serving as the basis of highly successful 

physical theories [2]. Referring to the Oxford Encyclopedia， a law of phys-

ics (or a scientific law) is: "a theoretical principle deduced from particular 

facts， applicable to a defined group or class of phenomena， and expressible 

by the statement that a particular phenomenon always occurs if certain 

conditions be presented [3). In fact. laws of physics (including the funda-

mental laws of nature) have been typically conclusions based on the re-

peated experiments and observations over many years and which have 

become accepted universally within the scientific communities; and， in 

addition， one of the most essential aims of the human race has been to ac-

knowledge (as truths) a summary description of the natural world in the 

form of such fundamental laws [4， 5]. 

In Ref.山， in essence， we've presented a new mathematical axiomatic 

approach based on the ring theory (including the integral domains) and 

the generalized Clifford algebra. Using this approach， first we've shown 

that the basic algebraic properties of natural numbers， as the most logical 

elements which are using for representing and describing the universe's 

physical laws， should be axiomatized in a matrix formalism base. Then 

by assuming that the components of relativistic energy-momentum (D-mo・
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mentum) -as one of the most elemental quantities of physics -can only 

take the rational values. it has been shown that the fundamental relativis-

tic field equations of physics. that are representing the laws governing 

the fundamental forces of nature. could be derived uniquely from only a 

very few axioms. 

In summary. the main steps of the procedure of this axiomatic deriva-

tion approach are as follows. Firstly. it has been shown that the relativis-

tic energy-momentum quadratic relation. necessarily. should be linearized 

(and simultaneously parameterized. as necessary algebraic conditions 

based on the above assumption for D-momentum). Consequently. corre-

sponding to the relativistic energy-momentum quadratic (algebraic) rela-

tion. a unique set of the systems of homogeneous linear equations (which 

are fully compatible with the Lorentz rational symmetry group and also 

the Clifford algebra) have been derived for various space-time dimensions. 

respectively. Subsequently. by first quantization (followed by the mini-

mal coupling procedure) of the obtained relativistic systems of linear 

equations. a unique set of general relativistic “massive" (tensor) field equa-

tions (including a specific form of torsion tensor) are derived. It is shown 

that the derived tensor field equations (that are compatible with the Clif-

ford algebras corresponding to the certain spin groups). quantum me-

chanically. represent a new unique massive tensor formalism correspond-

ing solely to the certain bispinor fields (of spin-ll2. spin-312. spin-l and 

spin-2 elementary particles). In this regard. based on the presented deri-

vation approach and also assuming a set of the basic discrete symmetries. 

it has been shown that the obtained tensor field equations which corre-

spond uniquely to the known fundamental forces of nature including the 

gravitational (Einstein). electromagnetic (Maxwell) and nuclear (Yang-
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Mills) field equations， are expressible solely in (1+3) space-time dimen-

sions. In addition， on the same basis， it is also concluded that the derived 

relativistic massive equations which present certain cases of the bispinor 

fields of spin-l/2 and spin-3/2 particles corresponding to the Dirac and 

Rarita-Schwinger equations， are expressible solely in (1 +2) space-time di-

mensions. As a particular consequence， it is shown that a unique massive 

formulation of the general theory of relativity -with a specific torsion 

that generates the gravitational field's mass・isobtained only by first 

quantization (followed by the minimal coupling procedure) of a unique set 

of the special relativistic algebraic matrix relations. In addition， it is also 

shown that the Lagrangian densities specified for the obtained new mas-

sive Lorentz covariant forms of the Maxwell's (and Yang-Mills) equations 

and also Dirac equation， are locally gauge invariant as well-where the in-

variant mass of each particle field is generated by a torsion field. In this 

regard and in agreement with recent experimental (astronomical) data， 

the invariant mass of a new particle (identified as the massive gauge 

boson of U(I) symmetry group) has been calculated and specified as: my== 

1.470696 X 1041 kg， where its invariant mass is generated by a coupling 

torsion tensor of the background space-time geometry. 

Moreover， based on the definite mathematical formalism of this axi-

omatic approach， along with the C， P and T symmetries (represented basi-

cally by the corresponding quantum operators) of the fundamentally de-

rived field equations， it has been concluded that the universe could be re-

alized solely with the (l +2) and (l +3)-dimensional space-times (where this 

conclusion， in particular， is based on the T-symmetry of these equations). 

In addition， on the basis of these discrete symmetries of derived field 

equations， it has been also shown that only left-handed particle fields 
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(along with their complementary right-handed fields) could be coupled to 

the corresponding (any) source currents. Furthermore， it has been shown 

that the metric of background space-time is diagonalized for the uniquely 

derived fermion field equations (defined and expressed solely in (1 +2)-di-

mensional space-time)， where this property generates a certain set of ad-

ditional symmetries corresponding uniquely to the "SU(2)_L x U(2)_R" 

symmetry group for spin-l/2 fermion fields (representing“1 + 3" genera-

tions of four fermions， including a group of eight leptons and a group of 

eight quarks)， and also the "SU(2)一Lx U(2)_R" and SU(3) gauge symmetry 

groups for spin-l boson fields coupled to the spin-l/2 fermionic source 

currents. Hence， along with the known elementary particles， eight new 

elementary particles， including four new charge-less right-handed spin-l/2 

fermions (two leptons and two quarks， that could be represented by “z_e， 

z_n ; z_u， z_d"， where two quarks“z_u， z_d" in particular are mixed solely 

with the triple compositions of antiquarks in anti-baryons' structures)， a 

spin-312 fermion， and also three new spin-l massive bosons (where in par-

ticular， the new boson is complementary right-handed particle of ordi-

nary boson)， are predicted uniquely by this axiomatic approach. Further-

more， as a particular result， based on the definite and unique formulation 

of the derived Maxwell's equations (and also a determined new form of 

the Yang-Mills equations， compatible with specific gauge symmetry 

groups)， it has been also concluded that magnetic monopoles could not ex. 

ist in nature. 

2. Summary and Results 

2・1.The main arguments and consequences presented in Ref. [1] follow 

from these three new basic assumptions : 
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(1)・“Anew generalization of the axiom of nonzero divisors of the do・

main of integer elements， based on a matrix representation of the gen-

eralized Clifford algebra; and subsequently， constructing a basic alge-

braic linearization theory for the set of integers ; " 

This is one of the new principal concepts which has been presented 

in Ref. [1]， and has been formulated as follows : 

“Let F (bl ， b2 ， b) ....， b，) be a homogeneous polynomial of degree rさ2

over the domain of integers Z (ん巴 Z).We assume the following new ax-

iom as the generalization of algebraic axiom of 'nonzero divisors'， 

ヨn，ヨペ=[aυ]εZ，，，"，T = [t.]εZ，似I

[(AxT=O， To;toO)̂ (A' =F(bpb2，b)，・..，bJl..)]<=> F(bpb2，b3，...，bJ = 0 (A) 

where aυ ~ Hi;"bp. Hijp are coe妊icients(independent of integer variables 
p~1 

b，.)， Z"x" and Z"x I are respectively the set of n X n square matrices and the 

set of n X 1 column matrices with integer components， T is a non-zero 

parametric column matrix and んisthe identity matrix." 

As a consequential remark， it is noteworthy that since in the axi-

omatic relation (A)， F(bl， b2， b)，.“， b，) = 0 is a homogeneous equation (b"ξ 

Z)， the relation (A) in particular. is applicable to equation F (bl， b2， b3....， b，) 

= 0 as well. for b，. E Q where Q is the set of rational numbers. 
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(2)-“The components of relativistic ener白人momentum(D-momentum) 

can only take the rational values ; " 

We assume， in general， that the components of relativistic energy-mo-

mentum (D-momentum) of a particle can only take the rational values 

This basic assumption is fully compatible with the rational Lorentz group 

which is dense in the group of Lorentz transformations. It also is in 

agreement with the formalism necessary for the quantum relativistic 

physical theories (20]. Moreover， this assumption is also c1early compat-

ible with the quantum circumstance in which the energy and momentum 

of a particle are merely transferred as integer multiples of the quantum 

of action (Planck constant) h. 

Using the assumptions (1) and (2)， in Ref. Il] it has been concluded， 

straightforwardly， that the relativistic energy-momentum homogeneous 

(quadratic) relation should be linearized (and simultaneously parameter-

ized) necessarily. Consequently， a unique set of the Lorentz covariant 

systems of linear algebraic equations (satisfying the Clifford algebras) 

have been obtained for various space-time dimensions， as the modified 

matrix forms of the relativistic energy-momentum quadratic relation. 

These matrix forms have been used for a unique derivation of the funda-

mental field equations of physics in various space-time dimensions (see 

the next basic assumption (3)). 

(3)・“Thegeneral covariant forms of all the fundamental field equations 

of physics， corresponding to the laws governing the fundamental forces 

of nature， are derived solely by first quantization (followed by the 

minimal coupling procedure) of the relativistic algebraic matrix equa-

tions obtained on the basis of assumption (2)， by linearization (and si-
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multaneously parameterization) of the relativistic ener白人momentum

quadratic relation." 

In addition， in Ref. [1] we assume that the source-free cases of the ob-

tained field equations have also certain discrete symmetries separately. 

Following is a summary description of some notable consequences of 

the axiomatic approach presented in Ref. [1]， where the metric signature 

(+一...一)， the geometrized units and the following “sign" conventions have 

been used: 

-The Riemann curvature. Ricci and Einstein tensors : 

Rρ =θrρ +iP，i'. -θiP. -iρi':.. . V'.R σ= V'..R _ -V' R.... G .. = -8nT.. +... 
μ 』て7μA，" L'，σ'σμνρ - """ 

2・2.Two categories of the general covariant field equations that are de-

rived directiy by linearization (and simultaneous parameterization)， fol-

lowed by first quantization (and applying the minimal coupling proce-

dure) of the Lorentz invariant energy-momentum relation (defined for a 

particle with rest mass mo). are as follows: 

VλRμ'JXI + Y'"R・加 +Y'vRみ'fXT= TTAp Rn.fXT + T~".Rr.相 + T'VsTl'fXT ' (1-1) 

(0) 
1m 

Vん一ードん=-J~~; (1-2) 

Rμ''1''' = (θλ 申 - 1J~v1 A<7p ) - (θμF阿 ，- 1，1'1'1'1加 ); (1-3 
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VλFμν+V'μF ，." +V'，.Fノ，u=0， (2-1) 

マμFμ，.= _.Jlア (2-2)

im~L~/) . . ._ im~ 
Fμ，，= V'"Au -V' uA" = (V'" +ーよ一kJA"-(V'" +ι~k" )A，， . (2-3) 2n v μμ 2n 

where rρ叩 isthe affine connection， i hvμis the energy-momentum quan-

tum operator where V" is the general covariant derivative with torsion 

tensor T""， that generates the invariant masses of the tensor fields R，叩 aand 

F"v (マμalsodenotes formally the derivative operator without torsion， i.e. 

defined just by Christoffel symbols， however， it is not a covariant opera-

tor). In equations (1-1)ー (2-3)，R， 

sors corresponding， respectively， to the Riemann curvature tensor (repre-

senting the gravitational field) and the Maxwell and Yang-Mills fields 

solely in (1 +3) dimensional space-time. These fields in (1+2) space-time 

dimension， quantum mechanically. correspond to a new massive formal-

ism of the bispinor fields of spin-1/2 and spin-312 particles !l]. 

The torsion tensor T""， in the field equations (1-1)一(1-3)is given by : 

T... .=盟主(g"λ-g，..k，，)， T，. = T';".=(D-I)盟二k" (3) 2n 'C:>Tjr-" OTI' -JI'" μ， ， 2n 

¥ 

and for the equations (2-1)ー (2-3)the torsion is defined as follows : 

T_ =当竺(g"，k"-g".k，，)， T，. = Tμ =(D-I)出竺k，. (4) 211 'orp'-v o n"-p'" -I 川 2n

where D is the number of space-time dimensions. Moreover. the source 

current tensors in the field equations (1・1)ー (2-3)are defined necessarily 

by the following relations， respectively : 
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:_(EM) 

必 =一(玖+与wr，JT)=-Waft-KJWf) (5)

where !p};j，) and〆EM)are the given tensor quantities. mff) and m(EM) are the 
invariant masses of the tensor fields Rl'v(XJ and 九 九，= (c /ぷ.O. .... 0) is 
the general relativistic velocity of a static observer (that is a time-like co・

variant vector). and Aμis the gauge potential vector. 

Based on the torsion formalism of field equations (2-1)ー(2-3)(corre-

sponding to the Maxwell and Yang-Mills equations). and in agreement 

with the recent experimental (astronomicai) data [9・12).the invariant mass 

of a new particle (identified as the massive gauge boson of U(1) symmetry 

group) has been calculated and specified as: (m~E)== 1.470696 x 1041 kg). 

where its invariant mass is generated by a coupling torsion tensor of the 

background space-time geometry. 

It is noteworthy to note that our axiomatic approach could be consid-

ered in framework of theories which lie beyond the Standard Model [14. 

15). as it also includes new consequences such as a certain massive formu-

lation for the gravitational field. 

In addition. we also should note that the field equations (1-1) -(2・3).

quantum mechanically. would correspond to two different bispinor fields : 

they present a new massive form of bispinor fields of spin-l/2 and spin-3/ 

2 particles. formulated solely in (1+2) dimensional space-time-where we 

necessary have R20，阿 =R02pσ= 0 and F20 = F02 = 0 [6. 8); These equations also 

present a new massive form of bispinor fields of spin-l and spin-2 parti-

cles. formulated solely in (1 +3) dimensional space-time [16. 17). It should 
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be emphasized here that the quantum mechanical solutions of these ten-

sor equations are taken to be complex necessarily [6， 7， 8， 16， 17]. However. 

in the context of relativistic quantum mechanics. tensor equations (1-1)ー

(2-3) are also subject to a process of the 2nd (canonical) quantization ; then 

these equations would describe the bosonic fields in (1+3) dimensional 

space-time， and the fermionic fields in (1 +2) dimensional space-time. 

2・3.The tensor field equations (1-1)一(2-3)，firstly and originally. are ob-

tained in the following matrix formalism which are compatible with the 

matrix representation of Clifford algebras corresponding to various spin 

groups [18， 19] : 

(inαμvμ-mo2γk，，)¥f'R=O， (1-A) 

(inαμ'¥7" -moaμkμ)¥f'} = 0 (2-A) 

where αμ=βμ+β'ぺaμ=βμ一β'μ (6) 

、I'R. 'I' E are column matrices， sI' and s'I' are contravariant square ma-

trices. These matrix quantities in (1 +2) and (1 +3) dimensional space-time 

are given as follows， respectively : 
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In relations (7) it is assumed that R20，ρσ = R20pσ= O. F20 = F02 = 0 ; in [1] 

we've shown that a certain discrete symmetric assumptions yield these 

conditions. 

For (1 +3) dimensional space-time we have: 
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R10P(I I 円。

R10向 I I F10 
Rミ0""I I F，。

川 = 1 n 0 1. '1'， = 1 ~引1. J必J以ニ =一一-(V作マ 4 久削仰叫叫)rpば昨伊ばぽニr} J川u小E)ド:1=_(←ベ4一べ-(V，作夙マ玖E + !竿竺呼千千子子ヂ:こ:k )Mψ〆fE山ε日川羽
H勺~ .'阿 I ，，:!目， I " 

R""" I I F， ， 
R'1PU I I F;1 
伊川II 1 

where 

|100ol O000100011000|  。o1 0 0 I 1 I 0 0 0 0 I 1 I 0 0 0 0 I ..3 I 0 0ー10 
y' = 10 0 0 0 l' y = 10 0 1 0 l' r = 1 0 0 0 0 l' Y = 10 1 0 0 

00001101011000 00100i  o 0 0 1 1 ..5 1 0 0 0 0 1 ..6 1 0 0 0 0 1 ..7 _11 0 0 0 
Y =1自o0 0 0司 r= 11 0 0 0 l' Y = 1 0 0 0 1 l' Y = I 0 0 0 0 
o -1 0 01 10 0 0 01 10 0 -1 01 10 0 0 0 

It is noteworthy that the 4x4 matrices Y' in (8-1) fully generate the 

Lorentz Lie algebra in (1 +3) dimensions as well. 
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2-4. In Ref. [11. we've also shown that from the massless case (i.e. mO
G
)= 0) 

of the gravitational field equations (1-1)ー (1-2)(or their equivalent matrix 

formulation i.e. equation (1-A))， i.e.. 

V' ;.R" vpa + V'"Rv.抑 +V'νRみ'P<'=0 ， (9-1) 

V'，，R午σ=-J:，;:'; (9-2) 

the Einstein field equations are obtained directly as follows. First， using 

the relation R叩 =-R~ρ (as definition of the Ricci tensor) by contraction of 

the 2nd Bianchi identity (9-1) we may get: 

VσRμ"p" = V'λp-vls少 )
 

ハり1i
 
(
 

(However， in our approach the Ricci tensor R"" is defined， basically， by re-

lation (10)). 

Then from (9)， (10) and the following definition for current J，¥J!J， 

J;二=-87l'(V'σら-V' pT，.，，) + 8Jl'8(V' "Tg叩-V' pTg，.，，) ， (11) 

where T，，. is the stress-energy tensor (and T = T行，)， g，川 isthe metric and B 

is a constant (which would be specified for each space-time dimension)， 

we obtain the Einstein field equations : 

Rμ，，=-8π(九，，-BTgμν)-Agμν (12) 

where A is a cosmological constant (emerged naturally in the course of 
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obtaining (12)). For (1+1) dimensional case from (12) we get: (however. 

matrix formalism of (12) in 1+1 dimensions defined by (1-A). doesn't hold 

one of the basic assumed discrete symmetries for matrix equations (1-A) 

and (2-A)) 

Rμν = -4trTg川+万八gμv (13) 

where B = O. For (1 +2) dimensions we have 

RμJ 巧Rgμ"= -8trT" " -2Agμv (14) 

where B = 1. For (1 +3) dimensional space-time. we obtain 

Rμv一万Rgμ，，=-8π九，，-Agμν (15) 

where B = 112 . 

2・5.Based on the definite mathematical formalism of this axiomatic ap-

proach. along with the C. P and T symmetries (represented basically by 

the corresponding quantum operators) of the fundamentally derived field 

equations， in Ref. [1]. it has been concluded that the universe could be re-

alized solely with the (1 +2) and (1 +3)-dimensional space-times (where this 

conclusion. in particular. is based on the T-symmetry of these equations). 

In addition. on the basis of these discrete symmetries of derived field 

equations. it has been also shown that only left-handed particle fields 

(along with their complementary right-handed fields) could be coupled to 

the corresponding (any) source currents. Furthermore. it has been shown 

that the metric of background space-time is diagonalized for the uniquely 
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derived fermion field equations (defined and expressed solely in (1 +2)-di-

mensional space-time)， where this property generates a certain set of ad-

ditional symmetries corresponding uniquely to the "SU(2)一Lx U(2)_R" 

symmetry group for spin-1/2 fermion fields (representing “1 + 3" genera-

tions of four fermions， including a group of eight leptons and a group of 

eight quarks)， and also the “SU(2)_L x U(2)_R" and SU(3) gauge symmetry 

groups for spin-1 boson fields coupled to the spin-l/2 fermionic source 

currents. Hence， along with the known elementary particles， eight new 

elementary particles， including four new charge-less right-handed spin-l/2 

fermions (two leptons and two quarks， that could be represented by “z_e， 

z_n ; z_u， z_d"， where two quarks “z_u ， z_d" in particular are mixed solely 

with the triple compositions of antiquarks in anti-baryons' structures)， a 

spin-3/2 fermion， and also three new spin-1 massive bosons (where in par-

ticular， the new boson is complementary right-handed particle of ordi-

nary boson)， are predicted uniquely by this axiomatic approach. 

2・6.According to the unique mathematical structure of the derived field 

equations (2-1)ー (2-3)corresponding to the Maxwell's (and the Yang-Mills) 

equations， in Ref. [1] we've shown that magnetic monopoles (in contrast 

with electric monopoles) could not exist in nature. 
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