T ‘:L-i
e
2
==

=
F

R}
=

[ p———

&

International Journal of Innovation in Science and Mathematic

Volume 4, Issue 1ISSN (Online): 2347-9051

The Self Smilarity Equivalence Relation Connecting
Newton’s Energy with Einstein’s Energy and Dark
Energy

Mohamed S. El Naschie

Dedicated to Lydh, Shareen and Sonya who are séffilar in the utmost pdtive way

Abstract — In this paper we utilize some¢ deep mathematica
connections between equivalence clses of equivalenc
relations and Edinfinity theory quotient spact. We start from
the basic principles of self similariv which came to
prominence in science with the advent (the modern theory
of nonlinear dynamical systems,deterministic chaos and
fractals. This fundamental logicomathematical thread
related to partially ordered sets is then tilized to show how
the classical Navton's kinetic energy E = % m\? leads to
Einstein's celebrated maximal energy euation E = m¢® and
how in turn this can be dissected into ne ordinary energy
density E(O) = mé/22 and the dark entrrgy density E(D) =
mc?(21/22) of the cosmos where m ithe nass, v is the
velocity and c is the speed of light.

Keywords- Einfinity, Einstein Self Smilarity , Equivalence
Relation, Fractal Scaling, Fractal Quantum Field, Golden
Mean Scaling, Intermediate Asymptotic Quantum Gravity,
Random Cantor Sets, Scaling,Special Relativity, tHooft
Regularization.

[. INTRODUCTION

In mathematicsit is well known thainot only Cantoria
fractals probabilistic equivalence relin (see Appendixe
1-4) can be based on similarities awe will show her¢
how this can lead teurprizing conneions to physics vi
Penrose fractal tiling based self simiE-infinity quotient
spacetime manifold [1]-[20]Self simiarity may be see
as trivially obvious as the number tdreing ten copies ¢
unity and/or as quite complex as thdia and Mandelbrc
set of fractal dynamics [1]-[6].Self similarity (see
Appendixes one to three) is in the mtime a well know!
fundamental principle of modern nlinear dynami,
theory of fractals (see Figs. 3)-as well as deterministi
and quantunchaos in physics andysmology []-[18].
More recently fractaCantorian spacime and Fkinfinity
theory demonstrated how self simily is intimately anc
closely related to the renormalizatiorocedures [1]-[25]
of quantum field theory and ‘ttoft's dimensional
regularization [26]. In fact the said-iEfinity Cantorian
spacetime theory [2618¢] is built alnost entirely on th:
explicit self similarity of the expeation value of it
Hausdorff dimension [10], [28].

D=4+¢
4+ ——
(1)

Whereqo:(\/g—Z)/Z [7-17]. It should therefore be

expected as a matter of jical consistency that tt
equation derived from and ithis spacetime will also t
self similar or at a minimumelf affine [2]-[45]. This is
actually the main theme of tlpresent paper]-[106] and
at the end of a rather detail discussion and analysis
will rediscover a fundamentact, namely that most of the
experimentally verified theo:s were always self simil:
in one way or another [1i]. Looking for instance at
fields as diverse aslassicd gravity [17, [24], [30],
electric fields as well as maetic fields we find that th
basic inverse square law res supreme [4]-[48]. In fact
and as will be analysed in sstantial detail in the prese
work, Newton’s kinetic enerc E = % m¥ where m is the
mass and v is the velocity d probably the most famo!
formula in physicswith which we mean Einstein’s mé
energy equation E = rhavhere c is the speed of light (s
Fig. 3) differ only formally inthe scale and notation us
and nothing much more th that (see Figs. 3 and.
Remembering that energgntropy and information [4€
[49]-[57] are without a oubt some of the mo
fundanental and interrelatedotions in physic, then it is
natural that we utilize these ire mentioned self similarit
to shed light on the majonroblem of the measurak
ordinary energy density [58p3] and the dark energy
density [6063] of the cosmoswhch we cannot measure at
present in any direct way [57$3]. As mentioned earlier
on, this and various related aects [6]-[74] is the subject
of the present paper which:hough relatively shc, has
the character of a survey pa due to the large nunr of
subjects and problems we aess as well as the numerc
theoretical and mathematicohysics references includ:
[1]-[207]. On the other hand/e give limited space to tt
pure mathematical literatu of equivalence relatior
which is never the lesssital to an even deeper
understanding of our metd and resul. This short
coming could be helped byonsulting Refs. [1(]-[111]
(see also Appendix 4).

II. T HE POWER OF BEING VAGUE

The title of this section ist in praise of being slopg
in physics but simplya somewat provocative invitation t
take fuzzy logic [11], fuzzy sets [7]-[85] and
consequently Cantor sefgactals and transfinite set thec
very seriously in quantum pghics [7(-[106]. Nature is
overwhelmingly fuzzy in an-reducible and fundament
way as reflected in the miematics of even the mc
orthodox quantum mechani theorie, Hardy's quantum
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entanglement included [54Consequatly to force natur
to be desgbed mathematically in ahar}, crisp way is
really forcing it to submit to an inaurate mathematici
formulation [11].As an example of wht we have in mir,
let us count quantum particlest the beginning there we
SU(3) SU(2) and U(1) of the standambdel [13], [28],
[46]. The number of the generatorsthis combined Lie
symmetry group corresponds to a dinsion equal to 8 +
+ 1 =12 and this number corresporasjs well know, to
eight gluons,three massive photonand one massle
ordinary photon [47]So are quanturparticle isometrie
of the same Lie symmetry spacesresponding to Li
symmetry groups -this may be ajaive question nc
worthy of a question markn fact naure is far strange
than fiction because fractal logic [83:achs us that these
12 messenger particles are in reality particles and hav
the fractal weight number of 11.7€39325 [83]. Nov
regardless how we answer this ni question and tr
puzzling fractal logical realitywe hastn to say that ESE
super string lteory starts with 496 asi massless gau
bosons and not 12 and one has rally to show how
these 496 isometries are reduced vinmetry breaking tt
our observed 12 gauge bosons of ttandard model [Z],
[47]. In addition we know from boso: string heory that
spacetime is 26 dimensional and :n we imagine 1
dimensions running in an opposite 2ction to these ¢,
then we find 26— 16 = 10 which coresponds to one tyg
of a so called heterotic super stringeory [2§, [47] of
which one may be basesh ES8E8 o on SO(32) whicl
leads to [101]-[105].

[SO(32)] = (32)(32 — 1)/2 = 496, (2)
asin the EBE8 where E8 is the la:st exceptional Li
symmetry group [28], [55], [57]Thus we could reall
think of internal space dimensions particles resultir
from symmetry breaking related to Mher’s conservatio
laws and symmetry theorem and if  venture into eve
more “fuzzy” spacetime dimensionsl] suchas D = 1
of Witten, D = 5 of Kaluz&lein theneven the D = 4 ¢
Einstein could be seen as a kind of-peaticles [47]. But
what good could this wild mixing cbasically differemn
notions and concepts bring aboutcept a little more
chaos added to a mess of other jlems? We coul
answer this point by working outomething specif,
namely determimg the density of olinary energ, dark
energy,dark matter energy and purark energy densit
of the cosmosThis is what we will doext [6]-[77].

The standard model contains 1particle-like states
when considering super symmetry alisregarding frctal
logic counting [28], [46]In the case f super gravity thi
contain 2 morepamely 128 which cecesponds to half ¢
the 256 EinsteirRiemann independit curvature tensc
components as given by {4¥256 [48]. Without super
symmetric partners this aasponds t64 particles in 4,
which we can detect only if we perm experiments i
4D. However real experiments can: done only in 3L
with time as a parameter [47].

Taking our previous discussion inaccount as well &
realizing that all energies musttimately be a scaling ¢
Einstein’s maximal energy E = fMowe are inclined t
conclude that a good estimate che ordinar, real
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measurable energy density the universe must be E
mc” scaled by the ratio of respace D = 3 to the space
the stadard model plus grity which is in the afor
mentioned fuzzy meaning ) = 64 so that one finc
approximately [36]-[45].

E(0)= ( 34j(mc )

=0.046875 mc”

=4.7% (3)

of the total Einstein energy reasonable agreement w
the cosmic measurements [487]. To account for dark
energy we have the elf explanatory scalin
A C(64-3)/64= 95.312%,again in fai agreement with

measurements  [37]-[45]Finally to find the scalin
associated with dark matteve see that it is reasonable
consider the ratio of the totaumber to the 12 messenger
particles of the standard niel plus the Higgs and tl
graviton making them 14 pticles corresponding to ti

dimension of |G2| = 14 excedtional Lie grou or  dim

OSP (1/4) = 14 of orthosimactic group [2€, for which
one finds

14 )
D(dark matter) = (aj(mc )

=21.875% (4)

yet again in fair agreementith the limit which cosmic
measurements set on the dmatter energy density []-
[47], [60].

I1l. A BLACK AND WHITE CANTOR
UNIVERSE M ADE OF TWO CANTOR SETS

Following the pictorial log of the one dimensional
embeddedterative triadic Cator set of Fig. 1 we see tr
it leads us to consider two s (see also appendix. The
first is the classical triadic seonsisting of an uncountak
infinite number of black Caor points with a Hausdor
dimension equal D(H)#n2//n30 0.63 and a topological
dimension equal zero and irddition the length of this s
is zero,i.e. it is a zero meiure geometric-topological
structureThis is basically thezero set which models ir-
infinity theory the preguantun paticle. The second set is
the white gaps between theack Cantorian points of tt
zero set [36]-[45]The Hausorff dimension of this set
simply one minus the Hauorff dimension of the zer
(black) Cantor set, i.el —0.63 =0.37. The measure of
this set on thether hand is eial to one minus zero whic
is then equal one indicating fat Cantor set as shown
Fig. 2 [72]. Since this setepresents the gaps in {
“black” set, it is essentially a empty set with a negati
topological empty set dimision equal inus one. It
follows then that this “gapsTantor set is the empty ¢
which models the prguantun wave in Kinfinity theory
[10], [13], [28]. The situatin remains the same for
random Cantor set (see Fig) except that D(H) goes

@ = (JE _1) /2 and thus T D(H) goes tog# = 0.381966
instead of 0.37 [36]-[63].
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It follows then from the geometrynd topology of thi
above that each black point is essilly a pre-quantum
particle with a positive topologicaattracting pressur
equal to the Hausdorff dimension ofe iero set which is
¢ Wwhile the white gap between th is the empty s
modelling the preguantum wave vith an opposing
topological pressure equal to the Hdorff of the empt
set, namely ﬁ [63]-[76]. Consequntly we have

resulting net pressure equgl ¢ = which we can viev

as the topological local Casimir forde. turn ¢*is equal

to the Hausddf dimension of the coordism 35], [42],
i.e. the surface of the quantum wavs well as being th
expectation value of the mulftiactal surrounding of the
guantum wave giving rise to thecore of quantun
spacetime as is obvious from the rela [63]-[76]

4) — (]/¢)4—l
=Yg
=V
=4+g (5)
where D(T) = 4 is the topological dimsion and D(H) =
+ ¢ is the expectation Hausdorff cension of quantur

spacetimeWe conclude that the abo is al accurate one
dimensional Cantorian spacetime ch could now bt
expanded to the fully fledged 5 dimdonal Kaluz-Klein

fractal spacetime of our reality [63]9]. That way the

pressureg’ behind the local Casimir essure - ¢ = ¢

becomes a five dimensional uniogf empty sets equal

6)( (f) which leads to a dark eney density equal t
[63]-[76].

E(D):( 5(&)(% m) (v-c)
=(5¢/2)me’ ©)

This is self evidently the exact rk energy densit
found via accurate measuremeranc cosmological
observationOur second most import inclusion is that th
Casimir energy is the local form of (k energy which b
the well known theorem of Dretzky must b
concentrated at the boundary of theographic boundar
of the universe [76]. Thiis one of he reasons why
cannot be detected locally in directyeriments althoug
we know of its presence directlvia the observe
accelerated cosmic expansion [37]-[49].

IV. ToBE ORNOT TOBE A CANTOR SET IN
MATHEMATICS AND PHYSICS

It is anillusion to think that a Canr set is intuitively
simple. A Cantor set is in fact both e simplest and tr
most mind boggling thing that there on the foundation:
level of pure mathematics and mathetical physic:

To start with a Cantor set constrioct produces at th
end two contradictory Cantor setset us look at thi
classical iterative procedure of Figs:-3Lwhich is rather
familiar to those working in any of tt many branches !
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nonlinear dynamicsghaos ad fractals []-[5], [64]-[76].
At the final stage after a thretically infinite number o
iterations we end up with anncountable infinite numbe
of black Cantorian “points separated by an equal
uncountable infinite numberf white gap. For the black
set we have a truly contratory existence because the
length of this set is clearly rc, i.e. it is “measure” zero
and consequently in the limitis not there in any physic
sense yet this set which isxro topological dimensio,
has another substantial dinsior, namely a Hausdorff
dimension  equalin2//n300.63.For a randomly
constructed Mauldiwilliamis Cantor set [10] th
situation is not different whe we find that the Hausdol

dimension is equal (0:(\/5 —1)/2: 0.618 which is not

much smaller than the 0.63 the classical Cantor triad
set [10]. In defence of thi convoluted logic of thi
situation,one may argue thatis is a Hausdorff dimensic
and more related to informion and entropy while tr
familiar topologcal dimensbn of this Cantor set
following the MengelJrysohn dimension theory is real
zero. This argument howexr would not reduce tr
situation to a more intuitiv level but would in fac
increase the nomtuitive cheracter of a Cantor set]-
[10]. In this case we could s be persistent and point o
that there is nothing called Gtor points because it is jt
a matter of scale and whenso called Cantorian point
magnified,we retrieve yet agn an entire Cantor <. That
would then make ame sens because we can deny t
there will ever be a real oment when a Cantor ¢
disappears except in ouriagined mental picture
infinity, i.e. at a tomorrowwhile we know that thi:
“domani” will truly never cone! But then here comes t
next outageous point relatd to the white set whic
compared to the black set isfat Cantor set because it |
a positive measuré.et us pase a moment and recall tt
we started our Cantor sets istruction by a unit intervi
represented by a line of topolcgical and Hausdorff
dimension coinciding and wal to unit. Similarly the
length of this line is also unityjNow to construct the black
set we must subtract the totength of this black set froi
the £ =1 and since the blaclet is measure zero]-[10],
the white set would remain th a length equal uni. On
the other hand for the Hauwrff dimension we have i
subtract ¢ of the black se from unity and find th

Hausdorff dimension of the t white set to t1-@=¢ .
So far so goodput it remans to find the topologic:
MengerUrysohn dimension crresponding ti¢7 [40]-[45].

The safe way for finding ot this quantity is to use tt
dimensional function of vorNeumann and Connes a
find to our mild surprise tht it does represent again
challenge for classical intubn because the topologic

dimension corresponding t@/ Hausdorff dimension is

neither zero nor one but ratrminus on. Of course naive
expectation wuld have persaded us to believe that t
topological dimension of thdark set is zero so that \
need to subtract zero frome topological dimension ¢
the original “line” interval sohat we have the dimensii
one.However such a conclun would be mathematicall
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totally incorrect because the dimensone is reserved fc
a classical line while the white or fCantor set is not

classical line for the simple reasonat it contains in i
infinitely many black hole forming ou thin black Canto
set. To make a long story shothe resolution of thi
contradiction is found in the topygical concept o
neighbourhoodlt is a well establishecopological concef
that the neighbourhood of a clasi point with zerc
topological dimensions is an empty: with a minus on
topological Mengetdrysohn deductiv dimension [10] s
that we may conclude that first the Wwhite Cantor set i
an empty set and second this emptt is the cobordis,

i.e. the surface of the thiblack Cantr set []-[10]. The

final magnificent outcome shows otally pathologica
situation to be generic and at ttroot of not only
mathematics but also physics. Qtum physics an
cosmology are full with counter intive and classice
paradoxicatheoretically and experimtally well foundec
results such as quantum entangler and dark enert.

Nature,as seen within the limitationf mans’ brain an
logic, seems to be fundamentally palogica. Similar to
treating bacterial infections usingie @ame weapon,
namely antibioticsnothing is better sted to deal with th
natural pathology of nature than theneric pathology c
Cantor sets and multiactals wlich explains th
undoubted success ofiffinity theory [10] for explaining
what quantum d@anglement and darknergy are and wk
E = mé is actually the sum of two qntum componer,

namely E(O) = m@22 for ordinary errgy [3¢-[45] and

E(D) = m&(21/22) for dark energy sthat at the end w
have the energy of a quantum partiE(O) addedo the
energy of a quantum wave E(D) givi us the maximal |
of Einstein (see Fig. 4 a and b) [3€5]

E =E(O) + E(D)

=mc¥/22 + mé(21/22)=mé (7)

In this sense E(O) could be reged as the positio
energy and E(D) as the kinetic energhile E = mé is the
maximal total energy with the posse interpretation o
converting mass to energynly in thecry or also in actu:
real world,but this is not the point w want to discuss i
the present contexf.o enhance undetanding of the rol
of fractals n the present work nd for a deepe
understanding of the role of dimeons, the reader is
referred to Appendix 1-3We shouldalso stress at th
point the fundamental role played Hardy's quantun
entanglement [74] in dark energy [5441].

V. THE LOGARITHMIC SPIRAL CONNECTING
QUANTUM FIELD THEORY WITH E-INFINITY
THEORY

The logarithmic spiral with its seltimilar geometrica
structure creating golden mean rectles step by step
shown in Fig. 5 is a remarkable visuonfirmation that -
infinity space,quantum field theoryogarithmic scaling
and the golden mean scaling ofiriinity theory [6] are
most probably deeply connected asreful mathematic:
analysis would reveal [6]-[10]This is thus more than &
intuitive hunch and is clearly the ison d'etre of the
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success of standard renofization equations such
[26]-[34], [86], [90]-[93]

- = = Mu

ay :0’1+0’2+,0€mm 8)
and its exact Hnfinity counterpart [9(-[93]

ay :0'1+0’2+(0’o)(¢)n ()]

This subject is discussed considerable details in re
[26]-[34]. Here we give on the analysis for a grar
unification for nonsuper symmetric o=1 and the super

symmetric p =1/2 case.The unification energy in thi
case corresponds to &'tHooft-Polyakovmonopole
M, 010° Gev while the refeznce mass is taken as us

to be a typical electroweak:ale, namely m, =91Gev.

That way we find [88][90]93].

- 10" Gew

ag = (9+l) +(l)[nm

=10+32.33

=42.% (10)

which is very close to the oected accurate value [J-
[91]. For thesuper symmetricase we find [9:

Egs=(9+1)+(%](32.33

=10+16.165

= 26.16¢ (11)
Again it is an excellent res: compared to the exact ¢,

namely 26 + k = 26.18033 so far for the logarithmi

scaling of quantum field they. For the E-infinity golden
mean scaling on the other he we find [8¢], [91]-[93].

0= (9+1)+(a./2)()
=(10)+[ (137+k,)/2](9)

=42.36.
and [91]-[93]
ags:(10)+(ao/2)(¢))2
=26+k
= 26.1803398 (13)
exactly as expected [26-34Note that this is the san
result as that which we obn for quantum gravity[]-
[34], [86]. In other words when we include sup
symmetry we automatical include gravity in ou
calculation.This becomes cle when we take in the abo
calculation M, O(10)* instead of (10 and replacen, =
91 Gev by that of the eIectrq’ﬁE =0.511Gev. That way we
find that [26]-[34], [86], [91]-P3].
a,=0,a,=1and

1 10"°Gev

@ =1+ I 0519 1000]Ger

(12)

1+% £n(1.9564)(10)*

1+% (22¢n10) +£n1.9569

=1+(51.39)/2

= 26.6€ (14)
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ay=1+=1{n
2 [(0.519/1000]Gev

1+% £n(1.9564)(10)*

1+% (22¢n10) +£n1.9569

=1+(51.32)/2

=26.6¢
using the golden mean scalir@n the ther hand thing
are quite straight forward leading to [, [91]-[93].

av=(ao/2) (¢

=26+k
just as in the grand unification case [993].

(15)

VI. THE RELATION BETWEEN VOLUME AND
ENERGY

Clearly there can be no energnithout spacetime
volume to contain itThis statement :mains true even
volume and energy are one and same thing as |
general relativity curvature of spacae and gravity ar
one and the sam&low we have twcvolume. First we
have the volume of the fivelimensional pr-quantum
particle [26]-[34]. This is a conventnal multiplicative

volume equa(@)’ where the 5 is D :5 of Kaluzi-Klein
spacetime [46] andp is the Hausdor dimension of the

prequantum particle interpreted asmeasure [2]-[34].

Second we have the volume of thre-quantum wave.
This is an additive volume being ore of the highe
dimensional circumferential length oie wave envelopin

the particle in D = 5 which mean5¢” where ¢ is taken

as a measure for the pgeantum wae. Now since the
wave is the surface of the particlege have as mar
particles as waves and the partickave dualit leads
therefore to the obvious average yme of a quantur
particle,namely the arithmetic mean’ the multiplicative
particle volume and the additive wavolume from whict
we find [35], [42], [60], [62].

<V0|>=%(¢f +5¢7)

=1 (16)
Consequently E = Micould be rewrittn & [62], [76].

e =(5¢)me + 7 me

= E(O)+E(D)

=mc? (7)
as claimed by us at the very beginnif this section [9Z.
In the next section we aim to showat the principle o
self similarity also holds true for :wton gravity anc
guantum gravity [61]-[63].
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VIl. D ARK ENERGY AND ORDINARY ENERGY
DENSITY OF THE CosMOS FROM
DVORETZKY 'S THEOREM OF BANACH SPACES

There are a few things tt we need to know befo
noticing at once that the Dvetzky theorem [Z], [39] is
already the answer to our iin question regardindark
energy questionFirst we nust know that Einstein’
energy E = nttis the maximi energy density possible
the universe when m is the 5s and c is the speed of li(
[34], [39]. This formula is siiply a similarity gauging o
Newton’s E = % m¥ when %1 and v.c . Second we
need to reason that a sphal mult-dimensional ball is
the most likely shape of oumivers. Thus our universe
must be at least a five dimsional sphere which may
regarded as a sufficiently |h dimensionality to mak
Dvoretzky's theorem workNow we see that the theore
employs a volume measure 1centration at the surface
the sphere amounting to 96%hile the rest of the univer:
contains only 4% of the vame. Since energy must be
proportional to the volume olpasetime, it follows directly
that E is 96% at the endf the univers, i.e. at the
boundary of the holograph boundary [3]-[39], [43]-
[45].

It does not seem far fetchat all that our real spacetir
must be at least five dimewona. The 4 dimensions of
Einstein are self evidently 3 ace and one time dimensi
which were merely fused tcther in special and gene
relativity. On the other hanthe phenomenal success
KaluzaKlein's five dimensinal theorie, let alone 10
dimensional super strings d eleven dimensional super
gravity and Witten's Mtheory[47] are all pointing in thi:
direction and seems toeinforce the belief the
Dvoretzky’s theorem appliendeed to our univer. The
measurement of ordinary ergy E(O) = 4.5% and tt
conjectured d& energy preumed to be the cause
accelerated cosmic expana consistent with E(D)
95.5% with the prediction of voretzky’s theorel, namely
E(O) = 4% inside the universwhich means local ordina
energy density and dark ene density E(D) = 96% the
boundary of the universe csing the expansion must
regarded as an excellent »erimental confirmation c
Dvoretzky's theorem appliciility to our cosmic fracte
“manifold” [42]. We could ¢ve a rather short and ne
theoretical analysis confirmie above without appealing
in any direct or indirect way) Dvoretzky's theor. To do
this we start from Hnfinity theory [34, [39] at the
observable electroweak eng scale for which we hay
[88], [91]-[93].

ao :(J/¢)51+52 +a3+0, (18)
Where¢;:(J§—1)/2 , ;=9 and a, =1.We may recall

that &, is the inverse electraagnetic couplin, @,is the
inverse weak force couplingd,is the inverse strong
coupling anda, is the maximl quantum gravity couplin

all measured at the electroak scale and results in t
exact theoretical, =137.082039325 invers

electromagnetic fine structurconstant. It is important to

Copyright © 2016 1JISM, All right reserved

46



==

‘:L-i
|

—d

=i

T A2

,.

[ p———

il
r

observe thata, seen as dimensionsf a correspondin
symmetry groups manifold add to exly 100 becaus
4

D ai=60+30+9+1
i=1
=10C (19)

This could be interpreted as the ncad total dimension
of the universe and could be sdivided into the
following [40]-[43]:

1. Dy = 4% for spacetime of ordinarynerg

2. D, =26 — 4 =22% for compactifid bosonic
dimensions of dark matter energy

3. D3=100— 26 = 74% for the purdark energ)

Again this agrees with a very hicaccuracy with th
COBE,WMAP and Type la superno measurennts and
observations and of coursdso with Droretzky’s theoren
[39]-[41].

VIII. T HE SELF SIMILARITYY BEHIND
NEWTON'S E = % MV?, EINSTEIN'S E =
MC?aAND EL NASCHIE’s E(O) = MC?/22, E(D)
= MC?(21/22)aND E(O) + E(D) = MC?

A cow is definitely not a spheiteut for all topologica
purposes it may be approximated taphere and glossir
over biologically indispensible holess well as the fot
stretched legsThis may be a drasticay to start arguin
for an overwhelming self similarity ohe cosmos and m:
also be the mathematical equations :ribing the cosm.
From this somewhat too general vigoint to be of an
practical valuethe manifest similaritjpetween Newton’
kinetic energy E = % nfwon the oneside and celebrate
Einstein’s maximal energy equaticE mé and El
Naschie’s two components equatior:(O) = m&22 and
E(D) = mé&(21/22) which sum up to ft of Einstein E(O
+ E(D) = mé [36]-[43], on the other de it is difficult not
to dream of finding a universal scaliraw which explain:
that all celestial objects as small a meteorite and ¢
large as a galaxy may be regarded togically as sphere
with three spatial dimensions and twimensional surfac
[36]-[43].

The first stepn this direction couldhave been showir
that four dimensions seems to be tixpectation numbe
of weighted integers from zero to irity in the sense c
E-infinity theory. This is really the rason behind the-
infinity Hausdorff dimension expectan [36]-[43] value

3
(d)=Q/9)
=4+¢ (20)
where 4 +¢3 is also the Hausdorff diension of so the
we may write [10].
d“-(d)=4+¢’
=4.23606
=4 (21)
In such a space with infinite harchal topologice

dimensionsself similarity is basic ar most fundament:
so that it should not come as a surp to observe that ¢
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formulas related to somethi as fundamental as enel
(E) should be subject to a nimum of self similarity ol
self affinity. To stress the pnt we recall that E-infinity
spacetime is made of an inite number of unions at ¢
intersection of random Caor sets with a Hausdor

dimension equal ta#' where n runs from zero to infini.

In turn Hausdorff dimensionare a measu of complexity
and therefore are deeplrelated to entropy ar
consequently energy ergo t property of Cantorian se
similarity is expected to be issed over to energy whi
means passed over to the eions defining ener¢. Could
such a thought have gged inthe mind of the great Albe
Einstein?This might be e or even far fetche
unscientific speculationHowever there is a curious a
partially amusing story whiclcould lead one to think th
such ideas may really hawrossed the great mind
Einstein (see Fig. 4 a and f@he said story is recorded
the classical and wholly enanting book of the notab
German American physicistanfred Schroeder “Fract;,
Chaos and Power Lawdh there Schroeder tells the stc
of how Einstein found a d4f similarity proof for the
theorem of Pythagoras ai shows that this part |
Einstein’s proof includes a fmally identical formula to [
= mc (see Fig. 6)However irall fairness to Schroeder
said that it is a mere coinc:nce and has nothing to
with the real E = nfcexcept he appearance and that
mc® can be meaningful onlyr the context of Lorentzia
invariance. On this count bwever we beg to diff.
Admittedly biased by our wn result E 22 +
mc*(21/22) [36]-B3] and ourresearch on thsubject we
see here far more deep rees than a coincidence as '
will momentarily explain [37].

Let us start by quoting wh is written on page 4 of tt
excellent book of Schroeder|

“The “resemblance” of eciation 3 to Einstein’s late
discovery, his dmous E =md, is of course entirely
fortuitous.The equivalence anass m and energy E whi
is at the basis of nuclear wer in all its guises is
consequence of Lorentz invance. This invariance which
underlies special relativity ws predicted by Estein in
1905 after it seemsgveral fabe starts

Now analysing the aboven a liberal way consistel
with the big fuzzy picture ajroach of Finfinity, we can
take the resemblance to meielf similarity or self affinity
while the Lorentz invarianccould be understood as a
gauge which means scalingd renormalization and the
notions are in turn just anotr more or less sophisticat
form of self similarity whichEinstein used to devise
alternative proof for the Pyagoras theorem [. In fact
this theorem of Pythagoras indispensible in giving
simple derivation of E = micas used in another excelle
popular book on the subjt by Brian Cox and Je
Forshaw “Why Does E = mt[36]-[43]. With all of that
in the back of our minddgoking atE = %2 m¥ of Newton
compared to E = mcof Einstein we do not need mu
persuasion to see that it is 0 a matter of scale where tl
% -1 because we are integng in the case of v =c ov
a constant velocitynamely thit of light and - c is also a
matter of scalef-or this reaso maximal energy equation
= mc and El Naschie’s two imponents equations E(O!
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(1/22) mé and E(D) = (21/22) nfccould be seen as
scaling of E = mt when due to ceain conditions tht
Lorentzian factor y = 1 of maximal“Einstein” energy

takes two other valueg(O) =1/ 22and y(D) =21/ 22 for

ordinary and dark energy respectiveBeen in this way |
is quite conceivablegven though it isiot very likely, that
Einstein could haw discovered the eneral form of ,

namely [36]-[43] E = (mt22) + mé&(21/22) = m? long
ago. After all it is sometimes good tthink superficiall.

This dialectic statement could be strated by a wel
known observation of Einstein himsevho explained time
as that quantity that we measure wa clocl. A second
not so good example of the abo\s that when v i
constant then it goes out of the integn belonging to th
definition of energy and % becomenity and v may b
replaced by a new notationamely th: constant ¢ so th
at the end E = % muis replaced b E = mé From a
formal view point that is really all al our conclusion i
that self similarity and generalized uivalence relation
[106], [108]-[111] are far more powful sciettific tools

than we could have imagined before advent of cha,

fractals and nonlinear dynamics.

To end this section we should ¢ that according t
Manfred Schroederthe story of Enstein’s proof o
Pythagoras’ theorem was recoed to him by
SchneiovLifson of the Weizmann ltitute in Tel Aviv
who had it from Einstein’s assistant Ist Strauss who we
told the story by Albert Einstein hiself [6]. Similar to
Newton discovering gravity by watcig an apple falling
from a tree, the Einstein stois so nie that it should b
true even if it were not.

IX. SELF SIMILARITY IN NEWTON GRAVITY
AND QUANTUM GRAVITY

It is remarkable that our self simiity principle which
we used to justify moving from E = 1v? to E = (mé&/22)
+ m&(21/22) = mé can be extened to the realm ¢
Newton gravity and quantum grav [36]-[43]. In the
particular case considered heggiantim gravity inverse
coupling constant can easily be s following our E-
infinity derivation to be the ratio betven the total numlr
of isometries of the EBE8 quantum setime and the tot
number of isometries at the energyale of the standai
model. This means [36]-[43].

|ESES|
“TlsuG)sU@UQ)
496
12
=413 (22)
which is very close to most of the:sults found in th
literature in the nosuper symmetriccas. Similarly the
number of isometries of the manifollombining classice
gravity with all other fundamental fces is a staggerir
number, namely 18 as we will shov later or. We also
know that at the point of totalinification of all
fundamental forces ware simply deaxg with the Plancl
energy scale and that the coupling cant in this case is
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maximum equal 1This is tte only degree of freedc
Thus the equation correspong to [47.

- 496
Aoy =—— 23

%= (23)
must now be [74].
_ 1019
Ol Planck = (24)

Newton degrees of freedom
That means
1019
(25)

Newton degrees of freedom

In other words Newton’s (grees of freedom i 10"

The next step is somewhssubtle and needs delice

considerationWe know thatSU(3) SU(2) U(1) = 12 i

actually the square root ohe inverse electromagne

constantThe accurate transfte expression is really []-
[36].

ISUG)SU@U@)| =,

=+/137.0820393
=11.7082039325

=12
It follows then that

\/ E’(Newlor) Dlolg

That means
— 2
a(New‘torj I:I (1019)

C10% (28)
in a rather excellent agreentt with the inverse value
the dimensionless Newtoniairavity. As for the spacetime
manifold with 18° isometrieswhich we mentioned earli
on, this was investigated aht eight years ago []-[36]
and named Finkelstei@lifford manifolc. The main idea
behind this very large numb starts from looking at ho
many Planck length mini bl holes10* cm could fit
into a proton wave length 178 cm which means 16710
1= 10" or alternatively hov many proton masses [
939 Mev fits into a Planckiass 1°Gev which means

nearly10*° Gev/ 1Gew= 10" [26]-[36].

(26)

(27)

X. CONCLUSION

Starting fromnonlinear dyamic, chaos and fractals
and linking that with the pur mathematical results of t
theory of equivalence relatis [10{-[111], the present
work takes very seriously seral ideas revolving arour
self similarity and scaling/ithin such thories we regard
nature as generically fuzzy d almost pathological at tl
fundamental level [65], [LO7We take then the view that
these ideas are by no meantirely new but were thoug
about deeply probably by Azrt Einstein and for sure |
the great RussiaAmerican icademician G.l. Barenble
who wrote in his book ented “Simply Scaling” [106
“every mathematical modes based on ‘intermediat
asymptotic”. Adding this tc what the French Fielc
Medalist and exceptional nthematician and theoreal
physicist A. Connes [107] rote about the pathologic
Penrose universe [46]6%] the main thrust of the prese
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paper becomes cleareffrom ther to arrive fronm
Newton’s kinetic energy to the ne Einstein ordinan
energy and dark energy density the universe it is
exceedingly shorter than the long wa Tipperary

APPENDIX 1

lllustration of the first five erations of the
construction of a deterministic Car se

Referring to Fig. 1 and with the aiof having a cleare
representation as well &@e introduce the link betwee
measure and sdhe segments in the ure were chosen
bars of fixed width and consequly representing
uniform density distributed over theupport se. As the
number of iterations goes to infly, the Hausdorff
dimension goes tdn2/£n3 = 0.63029753€= 0.63.

In other words nothing remains oie initial black line
of unit length except an uncountakinfinite number o
“Cantorian” black points (or bars) wita total length equi
zero.Thus we could imagine the ble line tc have been
replaced by a white line of the leh one minus zer
which is the original line of the leng of the black lin.
Therefore we could say that we hatwo “Cantor” sel.
The first is an infinite number of ack “points” with
length, i.e. measurequal zero and a ausdorff dimensiol
equal 0.63 apart of a topological ension equal zer
because it consists only of points at limiting infinity.

The second set by contrast is aite line of a uni
length of a Hausdorff dimension equ — 0.63 = 0.37.
It is important now to find a caistent topologice
dimension for this set which represe the totality of the
gaps which we created in the ial black line by
removing the middle third iteratively the familiar fracta
construction manner. Siache white 5et” must be eithe
nothing or an empty sethen its dmension must b
negative.Formally it is minus one ¢is clear from vol
Neumann€onnes formula or it is mus infinity for the
same reasons but taking into accowe special situatio
of a one dimensional universe rathean the real infinit
dimensional spacetime of Cantoriarirfinity theory [7]-
[17].

APPENDIX 2
Generalizing the f(@ssical Canor Set to Two
Dimensions

The two dimensional counterpart e one dimension
triadic Cantor set is neither the two cznsional Swiss fla
fractal (see Fig. 7) withD, =(2)(/n2//n3) nor is it the
Sierpinski carpet (see I 8) with
D, =¢n8/¢n3=3(¢n2//n3) but ratier the Sierpinsk
gasket (see Fig. 9) witlD,, equal he inverse of thi
Hausdorff dimension of the Qtor se, namely
(n3//n2=1.584962501Again the white triangles
correspond to empty sets with gative topologics
dimensions. The generic iBfinity fracctal correspondin

to this gasket is the two dimensiorrandom Cantor s¢
which is also found from the inve: of ¢ to give us
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1/9=1+9=1.618033989 which is rather close

¢n3/¢n2=1.58496250 (see Refs. []-[6]).

APPENDIX 3

Generalizing the classid Cantor set to thre
dimensions

Referring to Fig. 10 aniFig. 11 we can say tt
following:

The generic generalizatioof Cantor’s triadic set to
dimensions is neithethat stown in Fig. 10 nor is th
Menger sponge of Fig. 11 wch is a generalization of tt
Sierpinski carpet shown in g. & On the other hand a
generalization of a randomantor set of the Mauld-
Williams type, i.e.is easily ichieved for any dimensic
using von Neuman@onnes dimensional function «
equivalently the bijection frmula of E-infinity theory

d =(@/¢)™ where n is thetopological dimensic. That
way a “generic” random Merer sponge dimension shot
be  D(H)=(Y¢)"" =2+¢p=2.618033989and in four
dimensions it iSD(H):(J/¢))3
[1]-[6] and Ref. [10]).

=4+ ¢ (for details see Refs.

APPENDIX 4

Equivalence Relations in &athematics aniPhysics

The interest of the presenbrk in the pure mathemati
and mathematical logic of ewalence relations stem fro
numerous expected and | expected connections
theoretical and mathematl physics []-[111]. For
instance we know that equlence relations is a bina
relation that is reflexive well as symmetric ar
transfinite, all simultaneousl [108]. From that we can
deduce that this equivaler relation will result in
partition of a set of equivalee classe. In other words, it
results in a quotient set of quotient spa. A generic
quotient space on the e@r hand is the x spa
representing Penroseattal iling universe []-[17]. In
turn this space is a ototype of A. Connes
noncommutative geometry iwell as a realization of-
infinity Cantorian spacetimenith the same dimension
function [75]. In other wordsit is akin to a similarity
classifier with a golden mee [109] and could be draw
into understanding the similey of Einstein’s formula E -
mc?, as well as the Planck ration expression E = hf ai
possibly Newton's second v F = ma as well as tt
similarity of Newton’s kineticenergyE = % mv and our
dissected Einstein formula £ (mc?/22) + mé(21/22) =
mc* [53]-[59].

)
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experience the overwhelming feeg of discovering
something new.Forgetting to acknwledge those fror

whom we learned so mucbonscioisly and far mor

(15]

unconsciously is painful in both direons and the Authc

takes this occasion to deeply acknolge the intellectu:
indebtedness to many of his cher,

16
colleagues, [1e]

associates as well as past and preswudents from whor

he learned a great dedl.is of cours: too late to say

more

(17]

than for history regardin those who ar

unforgettable who are sadly no longvith us, particularly

Prof.

influence and guidance |
Weizecker, Prof.
Martienssen cannot be overstatedckily there are man

Alf Pfliger and Prof. Theor Lehman. The [18]
receive from Prof. C.F.

W. Heisenberg nd Prof. Werne [19]

who | can still reach directly withgratitude for thei
profound work which guided me s it guided man

younger and older generationgn particuar | must

(20]

mention G. ‘tHooft, D. Grosd,. Sussknd and O. [gssler.
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Fig. 1.A one dimensional Cantmniverse (see Rel, 2 and 6])
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Fig. 2. Construction of a fat fractdl.has infinitely many holes but the remainders kaéptal length that is greater th
zero (see Ref.[6]).
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Fig. 3a and b Fwo random versioﬁofthe Cantor seln (a) each interval is divided intoree equal parts from whic
some are selected at randdm(b) each interval is replaced by two subintes\@ random length
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Fig. 4. a -A light hearted historicayicture depicting the moment wn the truly great Alert Einstein was about"
discover Einfinity dark energy formla E(D) = m?(21/22) as well as the ordinary enerormula of the same theo
E(O) = mé/22. 1t seems possible at after giving an alternative proof for the them of >ythagoras based on the
principle of self similarity that he rezed that this theory and Newton’s kinetic eneEyy ¥ m\? are self similar. That
way he could have discovered theaotic nonlinear dynamics beneath quantum mec$ and found El Naschie
dissection of E = nfdnto its cuantum components E = (/22) + mé (21/22) (se€Refs. [36 and 50

Fig. 4. b — Einstein’s E = mds probably the most famous equation in scie. In fact this ohoto was taken when t
Author was passing in therridors ¢ Dubai airport in 2015 and was struck by sedingmc on the walls. The rest,
namely
Eo = m&/22 and = m&(21/22) & well as E = o + Ep = m& were superimposed latoy the Author (see Ref
[50]and[62] as well as Appendix 4)
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2b—a

2a —3b

Fig. 5. Aself similar succession of gien mean rectangl, produced by the logarithmic spl. This is a clear hint at the
deep connection betweeniifinity golden mean scaling and the logarithmic scaling adum field theory (see Sectic
5 of the preserpaper as well as Appendix 4).

C

Fig. 6.Pythagoras’ theorem sketchr proof by the 11 year old Einstein based on sighilarity (see Section 8 of tF
present work as well as Ref. [6])
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Fig. 7.The Swissflag fractal which is the Cartesian productwo Canor set
. .

Fig. 8.The Sierpinski carpet is thevo dimensional version of the Menger spc. The generic case is found for

random fractal to that found from thaijection formula of -infinity theory dc(”) = (]/¢)”'1 by setting n = 2 and findin

that d,® = (1/¢) =1.618033989
A AL A
— — : — A *1& —
AA Ll WV,
Fvy K daw
Fig. 9. The Sierpinski gasket as tlright way to lift the one dimensional triadic Gamnse: D(H) ={n2/{n3 to two

dimensionsThe Hausdorff dimensn in this case is the inverse £n2/£n3, namelyfn3/£n2. Thus it obeys the
dimensionl function of von Neumar-Connes (see Ref. [107]).
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Fig. 10.A three dimensional versiorf the Sierpinski gask. Its fractal dimension log 4/Ic 2 = 2 has an integer val
(2), albeit smaller thn the dimension of the supporting space (3) Refs [1]-[5]).

Menger sponge D = IogZO/IogB 2.73

Fig. 11 - The Menger sponge ahugh it is not the real generalization of a Casttrtothree dimensions has
Hausdorff dimension quite close tae random three dimensional Cantor(D=(1/¢)2 - 2.618033989)' It is used in

manyapplicatbns including modelling three dimensional fractpéce
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