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Abstract
Starting from the classical Newton inverse square law of gravitation we arrive at a modified Newtonian gravity in the spirit of the work of Milgrom-Bekenstein pioneering work. This is achieved
by injecting the needed quantum mechanical dissection of special relativity into Newton’s law via
the modified energy mass relationship which transforms Einstein’s famous formula E = mc 2
from a smooth four dimensional space to a rugged fractal-like spacetime manifold. The confidence
in the present result stems not only from the consistency of the mathematical scheme but also
from agreement with the general direction of cosmological measurements and observations.
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1. Introduction
Newton’s well known inverse square law of gravitation is as exceptionally successful as it is simple to write
down for two masses m1 and m2 separated by a distance R . The force of gravitational attraction F in this
case is simply [1] [2]

F = G ( m1 )( m2 ) R 2

(1)

where G is Newton’s gravitational constant. There has to be something much deeper than classical mechanics
in this law because its basic form holds true for electric as well as magnetic charges [1]-[4]. Of course things
become immensely complex when we move from the integrable two-body problem to the nonintegrable threebody and more problem [3]. This subject is studied within the modern theory of dynamical systems, deterministic chaos and fractals initiated by Poincaré and Kolmogorov, Arnold and Moser and culminated in the formulaHow to cite this paper: El Naschie, M.S. (2014) From Modified Newtonian Gravity to Dark Energy via Quantum Entanglement. Journal of Applied Mathematics and Physics, 2, 803-806. http://dx.doi.org/10.4236/jamp.2014.28088

M. S. El Naschie

tion of KAM theorem [3]-[7]. This theory in turn is rooted in many subjects particularly number theory [8]-[10],
transfinite set theory, the continuum hypothesis [9] [11] and the hierarchy of infinites as well as the zero and
empty sets hierarchy [12]. Other extremely relevant pure mathematical subjects are the Menger-Urysohn deductive dimensional theories [13], K-theory, E-infinity theory and Woodin’s ultimate L-theory [9] [10].
With all these subjects in the back of our mind it is no longer possible to think of Newton’s inverse square law
of gravitation as being the final word on the subject, particularly with the benefit of modern measurements and
observational anomalies which cast doubt on the universal validity of this law [14] [15]. For instance and as far
as pure mathematics is concerned, for the two extreme cases, namely R = 0 and R = ∞ we have F = ∞ and
F = 0 respectively. Of course we know in principle that infinity and zero are not numbers but deep philosophical concepts. The Indian are normally credited with “inventing” the zero but the Arabs are definitely the ones
who communicated the “Zifr”, i.e. the zero to medieval Europe. In fact the word “ziffers”, i.e. numbers come
from the Arabic “Zifr” which means zero. Be what it may be, a definite value such as zero does not exist in
quantum mechanics because of Heisenberg’s uncertainty principles [1] [2]. Infinity on the other hand is quite
vague because there is a hierarchy of countable and incommensurate “uncountable” infinities and each is larger
than the other [9] [12]. Since infinity is the result of inverting the zero, then there must be many sets which correspond to things smaller than the zero, namely empty and emptier still, empty sets [12]. Luckily we do not need
to worry about all these things in the average normal situations. However when probing extremely small distances near to the Planck length as well as unimaginably large distances taking us near to the borders of the holographic Klein-Penrose hyperbolic compactified projection of our bulk universe [5] [10], then we must worry
about all these subtle deep mathematical concepts related to zero and infinity.
In physics quantum gravity [5] [10] as well as dark energy [18] [19] are inextricably connected to these fundamental problems of pure mathematics [3] [8] [9] [12]. In what follows we show a logical way to overcome at
least some of these problems and limitations via the magic of Hardy’s quantum entanglement and arrive that
way at a modified Newtonian formula which agrees with measurements as far as energy is concerned, i.e. when
converting dark matter to dark energy theoretically using Einstein’s equations [1] [18]-[25].

2. Modified Gravity via Quantum Entanglement
We know from recent intense research that Einstein’s most fundamental and equally elegant formula relating
energy to mass and the “constant” speed of light [1]

E = mc 2

(2)

when seen under a magnifying “transfinite” microscope of set theory and quantum mechanics, consists of two
parts. The first part [18] [19]

E ( O ) = mc 2 22

(3)

is the quasi potential energy of the quantum particle. This part of the energy is merely 4.5% of the total energy
density in the universe and can be measured in a rather conventional although sophisticated way. The second
part [10] [19]

E ( D ) = mc 2 ( 21 22 )

(4)

is the quasi kinetic energy of the supposedly energy-less quantum wave which guides the particle as it propagates through quantum space. Thus E ( D ) amounts to 95.5% of the total energy density. The delightful final
result, which stresses the consistency and correctness of this picture, is that the sum of both energies adds to that
of Einstein’s beauty, namely [10] [18] [19]

E ( O ) + E ( D ) = mc 2 22 + mc 2 ( 21 22 ) = mc 2

(5)

as should be. The vital difference between E ( O ) and E ( D ) is that in contrast to E ( O ) we cannot measure
E ( D ) using any of the presently known methods because of a fundamental property of orthodox quantum
mechanics called quantum wave collapse on measurement [10] [18] [19]. Now we apply the above to Newton’s
classical gravitational law. We start by expressing the mass m
=
m=
m in terms of the only energy we can
1
2
measure, namely E ( O ) . Consequently we can write for the force due to ordinary matter corresponding the
E ( O ) ordinary energy that

804

F=

(E

1

c2

)( E

2

R

2

c2

M. S. El Naschie

)G

(6)

and find the measurable F to be

 m1c 2  m2 c 2  G
=
F ( O ) =

 2 4
 22  22  R c
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m
 G
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1

(7)

where the factor 22 could be interpreted in two different ways [18] [19]. First it could be seen as the compactified dimension of Nambu-Veneziano 26 bosonic string theory spacetime dimensions after subtracting the 4 large
2
dimensions of Einstein’s spacetime. The second interpretation is to see the factor ( 22 ) = 484 as being the remaining massless gauge bosons of E8E8 superstring theory after subtracting the 12 massless bosons of the standard model [18] [19]. That means [18] [19]

(

)

E 8 E 8 − SU ( 3) SU ( 2 )U (1) = 496 − 12 = 484

(8)

exactly as it should be [18] [19]. However this is by no means the end of the story because we have still 20 per
cent dark matter included in the 95.5% dark energy. This complicates the real situation considerably and will be
discussed in subsequent research.

3. Conclusion
In full agreement with what has repeatedly been expressed by leading mainstream scientists as well as mavericks [16] [17] who do not shrug from contradicting conventional wisdom when faced with undeniable imperical
data, firm measurements and observations and that applies not only to Einstein’s general theory but even and
maybe more so, to the special theory of relativity breaks down in an organized very specific way at Witten’s
T-duality extremities [1], i.e. at the imaginable small distances as well as the unimaginable large distances [18]
[19]. On average we find an energy-mass relationship which consists of two parts. The part which we can measure happened to be given by E ( O ) = mc 2 22 . The other part, dubbed dark energy is E ( D ) = mc 2 ( 21 22 ) and
cannot be measured in any direct way known at present. However its reality is clearly inferred from the accelerated rather than decelerating cosmic expansion confirmed by all modern accurate cosmological measurements
and analysis [10] [18] [19]. Needless to say, the situation is quite complex because part of the E ( O ) is in the
form of ordinary matter and that 20 percent of the (21/22) percent is conjectured to be dark matter with attractive
force leading to astrophysical contradictions to observations. We should remark that in itself Newtonian attraction can calculate almost everything except dark matter and dark energy. However Newton’s law really explains
nothing and does not make it one bit clearer why matter is self attracting. In that respect Einstein’s theory fares
better but does not capture the complete picture. Only when we take on board fractal-Cantorian geometry with
its zero measure thin fractals and positive measure fat fractals implying quantum entanglement do we come to
an almost complete understanding at least as far as dark energy and quantum gravity is concerned at present [10]
[18] [19]. In conclusion we should draw attention to the deep relation between earlier publications by Czajko
and El Naschie [20]-[25] and the present work as far as dark matter and deriving Newton’s gravitational constant from first principles is concerned. The connection to Witten’s T-duality [26] is equally important for understanding our present viewpoint.
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