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A simple axiom-free relativizing of classical physics
unifies classical physics, quantum mechanics, and cosmology
(and predicts almost everything)
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"Nature is pleased with simplicity. And Nature isdummy' - Isaac Newton
“"Simplicity i s t helLleanardoidanNdincie sophi sticati on

Abstract
We propose a simple, axiefree modification of GaliledNewton'sdynamicsof moving bodies,
termed Information Relativity theory. We claifmat the theoryis capable of unifying physics.
Theclaimedunification issupported byhefactthat the same derived set of simple and beautiful
transformationsapply successfully tpredicting and explaining many phenomena and findings
in cosmology, quantum mechanics, and m@ar modification of classical physicés done
simply by accounting for the time travel of information about a physical measurement, from the
reference frame at which the measurement was taken, to an observer @n egfetknce frame,
whichis in motion relative tahe first frameThis minor modification of classical physics turns
out to be sufficient for unifying all thedynamicsof moving bodies, regardless of theize and
mass Since the theory's transformatgrand predictions are expressed only in terms of
observable physical entities, its testing should be simple and straightforward.
For quantum mechanics the theory predicts and explains matter duality, quantum phase
transition, quantum criticality, emglement, the diffraction of single particles in the double slit
experiment, the quantum nature of the hydrogen atbenstrong force, quantum confinement,
and asymptotic freedorfor cosmology, the theoppnstructs a relativistic quantum cosmology,
which provides plausible and testable explanations of dark matter and dark esevgsl| as
predictions othe mass of the Higgs boson, the GZK cutoff phenomen&dmearzschild radius
of black holes (without interior singularitygnd the timeline oonization of chemical elements
alongthe history of the univers&xtensions of the theory to accounting for the gravitational and
electrostatic fields are briefly discussed.
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1. Introduction

The Special Theory of relativitfsR)[1], and Lorentz's invariance princigllel) havebeen with us

for more than a century. Most physicist are confident that these two cornerstonesNg\ptustian
physics will prevail forever. We do not wish to argue of whether these optimistic forecast are true or
false. However, we do argue, thascientific discipline that isfree from prejudice and dogmas,
should allow dreedom of thoughdibout other models of nature. In fact, without such freedom, many
other theories, including quantum thiesr some of which contradicts both SR and Wwhuld not
have beerdeveloped, and our understandofghe microscopic world would have been impossible.
Even for the macroscopic world, for which SR and GR are more applisabie, degree of freedom

is witnessed in modifications of SRclude doubly special relaity (DSR) [2-4] and the "variable
speed of light" (or VSL) theorie®{8]. In DSRnot only the velocity of light, but also the maximum
energy scale and minimum length scale (Planck energwndPlanck length) are observer



independentin VSL theoriesthe pillar of special relativity (constancy of the speed of light)
removedand in some versioreshard breaking of Lorentz symmeitisyallowed.

In derivinghis SR and R [9], Albert Einstein adopted an ontological approach in his interpretation
of the rotion of relativity.For him relativity is an real phenomenon. The famous time dilation effect
Is real. Stationary clocks with respect to an observer are predicted to run faster than moving clocks.
The same ontological interpretation applies to the predlidistance (Lorentz) contraction, and mass
increase, with increase in velocitodifications of the original theories, includii@SR and VSL
share the samentological view of relativity In theproposed theory, which we terimformation
Relativitytheory, we takea completely different approach by proposing an epistemic interpretation
of relativity. In our approactelativity is not an ontic, true state of nature, but an epistemic difference
in the measurementskenby two or more observers relative motion with respect to each other,
about some observable physical entity.

Thebasic idea behinthe theoryis extremelysimple.Consider the case where information from

a "moving" body of masss transmitted to a "stationary" observer by light signatsume that

the start and end of an event on the body's reference frame, are indicated by two signaifs sent

the body's "moving" reference frame to the "stationary" obsebueee the light @locity is finite,

the two signals will arrive to the observer's refereiname in delayswhich aredetermined by

the distances between the body and the obsevére timewhen each signal was transmitted.
Suppose that the "moving" body dsstancingfrom the observer. In this casee termination

signal will travel dongerdistancehan the start signal. Thus the observer will measioeger

event durationhan the event duration at the body's referdremme (time dilation).

For approachingoodies the termination signal will travel shorterdistancethan the start signal.

Thus, the observer will measureslzorterevent duratiorthan the event duration at the body's
referenceframe (time contraction).lt is obvious from the above description thab
synchronization of the clocks at the two referefiaenes is required

In fact, Information Relativity theory is nothing more than "relativizing" Newtonian physics,
accomplishedby taking into account the time travel of information from one reference frame to
another. The theory has no constraints formulated as axioms (e.g., constancy of c), nor
hypothetical constructs (e.g., spacetime). The theory is also local and realisti¢jtaredements

are observable physical entities. It departs from classical physics onigeimminimal
"adjustment” described above.

We shall demonstrate hereafter that desfstenprecedented simplicitynformation Relativity

is successfuin unifyingquantum mechanics and cosmoloBy treating thelynamicsat cosmic

scales, in the same manner we tteatdynamics of small particlese shall throw a new light

on themysteries of dark matter and dark energythe following section wehall present the

formal derivation of theheory'stransformations ofime interval, length, mass, and energy
relating measurements transmitted by the information sender, to the corresponding information
registered by the receiven section3 we shallsummaize the main features and predictions of

the theoryin section4 we use the theory tpredictionthe seminal MichelsofMorley's "null”

result and the ime dilation of decaying muonsn section5 we use the theory to derive a
theoretical expression for the Sagnac effect; in section 6 we show that the theory predicts with

precisionthe values of— reported by OPERA and other collaboratidnssection 7 we explain

why the theory cannot be fodden by Bell's theorem, and apply it to predict and explain several
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key guantum phenomena, including entanglement, particles' diffraction in the -g@buble
experiment, and the quantization of orbitshgtirogen atom problemn section 8 we use the
theoryto construct aewquantum cosmologynd utilize it to several important predictions, and

to infer about the nature of dark matter and dark energy, which the theory interprets as quantum
matter and matter's dualave energy as cosmic scales. We also use the cosmological version of
the theoy to predict the mass of the Higgs boson andtitne-line of evolution of chemical
elementsin section 8 we summarize and make a few concluding remarks.

2. Derivation of Information Relativity transformations

In this article we limit ourselves to tlease of two frames of reference in inertial motion with
respect to each other. Thus for simplicity, but without losing generality, all the derivations
hereafter are made for a one dimensional space. Generalization to the three dimensional
configuration spee is technically trivial. Generalization to accelerated systems due to
gravitational or electrostatic force is developed elsewhEde [

2.1 Time duration transformation

We consider a system of two reference frai@asd O distancing from each other with constant
velocityv. For the sake of simplicity, but without loss of generality, assume that the observers in
"Oand "O synchronizes their clocks, just when they start distancing from each other, suth that
=0 =0,and that at time zero the points of origin@and "O were coincidedife., ® =0 = 0).
Suppose that at time zero in the two frames, an experiment staiteat ithe point of origin,
terminating exactlg-O seconds according to the clock statiomedO, and that promptly with

the termination of the experiment, a signal is sent by the obser¥@tarthe observer ifO The
"experiment" can be any event at the origin with duration®fas measured fi© .

After 30 seconds, the point at which the event took place stays stationary with r&sfiext

w =w =0), while relative to fram&this point would have departed by equaling:

=030 1)

Notably, in eq. 1 the left side includes a measurement of distance takewhiie the right side
includes a measurement of time duration také@inrhe validity of equation could be verified
by an experimentalljeasible method. As example, if the observeF inonducts an identical
experiment, to the experiment conducted @8 Because the laws of physics are the same
everywhere, he or she will conclude that when the evéattas terminatedD was at a distance

of w =0 30 away as measure

If the information carrier sent from the observeiQrto the observer ifOtraveled with velocity

w relative t0'Q then it will be received by the observer@after a delay of:

0 =— ——=— 0 @)

Since’O s distancing fromOwith velocityv, we can write:

W=wil 3)



Where @ denotes the information carrier's velocity in the lgbtrce rest frame™@ 8
Substituting the value @b from eq. 3 in eq. 2, we obtain:

0 = = wo 4)

Due to the information timdelay, the event's time duratidntthat will be registered by the
observer infOwill be:

AE WO+ 0 =wo+ wo=(p+

\ WO (5)
—2 —2 —2 i

Denoting— by 3 eq. 5 becomes:

= 6
- ©)
Forl << 0 <<w®) eq. 6 reduces to the classical Newtonian equatizna0 hwhile forf © p
bY w),30Y B for &bl positive

For a communication mediuto be fit for transmitting information between frames in relative
motion, a justifiable condition is to require that the velocity of the carrier is larger than the
velocity of the relative motion, i. §. S<p.

Before proceeding to the more technigatt of ths article, some remarks regarding eg. 1 are in
order:

1. In the derivation of eq6 (to be detailed hereaftegynchronization between clocks is
unnecessarylhe time interva0 is equal tad - 6 hwhered ando6 are respectively the start
and end time of the event, as measured by a clock stationed on the everitamesDn the
other hand, thebserveron the other frame wiltalculatethe time intervabo as being equal to
0 -0 hwhered andod arethe reading of a clock stationed on the observer's fraftbearrivals

of the signas indicating the startand the end othe sameevent respectively.There is no
requirement for synchroration betweerhe two clocks, as long as the two are idehttacks
thattick at the same rate.

2. Evidently, eq6's prediction disobeys the Lorentz invariance principle. It is asymmetric with
respect to the direction of the transverse velocity vector, predicting time dilation for distancing
frames and time contraction for approaching frames. Most physicists viewtz'srgymmetry
principle as the cornestone of current physics. We argue that such view is unfounded. First and
foremost, numerous experiments and astronomical observaittes to the possibility of
Lorentz invariance breakin(f. [11-17]), particulaty in the high energy sectdcf. [18-19)).
Second, despite the continued efforts for unification between Einstein's relativity and quantum
theory, it is wellknown that quantum mechanics t@alicts with not only withLorentz's
invariance, and the subseni Special Relativity's Lorentz factor and Lorentz contradt®n

21], but also with the fundamental assumption of lgealism [22-24]. The quantum
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phenomenon whicpresents the contradiction betwe®gpecial Relativityand quantum theory
andexperimental resultsiia most profound way is the phenomenon of quantum entanglement
[25-26]. Recent experimental tests of Bell's theorem provide convincing evidence that
information between two entangled particles passed faster thafi2igB0).

3. Noe that eq. 6, derived for the time travel of moving bodies with constant velocity, is quite
similar to the Doppler Effect formul@1-32], derived for the wawength (frequency) of waves

emitted from traveling bodies. In both catfesdirection of motiomatters In the Doppleeffect

a wave emitted from a distancing body will be-gddfted (longer wavelength), whereas a wave

emitted from an approaching body with be bigbgted (shorter wavelength). In both cases the

degree of red or blue shift will lpositively correlated with the body's velocity. The same applies

to the time duration of an event occurring at a stationary point of a moving frame. If the frame is
distancing from the observer, time will be dilated, whereas if the frame is approaching th
observer will contract. Interestingly, while eq. 6 predicts that the time dilation for distancing
bodies approaches infinity when bY 1, it puts

to for appr oachi nlgitpbeddsidmecontraciion af exaciyo r b Y

4. It is especially important to note that the above derived transformation applisaoriers
of information, includingacoustic optic, etc. For the case in which information is carried by

light or by electromagnetic waves with equal velocity, we fhawe-, wherec is the velocity of

light in the lightsource rest frame.

2.2 Relativity of length

To derive the distance transformatjcconsider the two referenfamesF and O discussed

above. Without loss of generality assume as before that Wae "O start distancing from

each othed =0 =0, andw=w = 0. Assume further thaD has onboard a rod placed along its

w axis between the points 1 andw = w (see Figure 1) and that the observeéOmses his

clock to measure the length of the rod (in its rest frame) and communicates his measurement to
the observer iF. As before, assume that the informataarrier from frameéO to frameF is

light or another electromagnetic wave with velocifgs measured in the light source rest frame).

To perform the measurement of the rod's length, at 6 =0 a light signal is sent from the rare

end of the rod,.e., fromw = to the observer at the point of origin 18
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Figure 1: Two observers in two reference frames, moving with velocitjth
respect to each other

Denote the reference frame of the first light photofibgsee Fig 1) and the time duration'@
for the light photon to arrive the observer@by w 0. If the signal arrives to the observef@n
at timeo =0, then he or she can calculate the length of the rod as: being

d=6=co 7)

Using eq. & as a function ofp 0 can be expresseddas

0 = — (JOC‘):—_(JOC‘) (8)

Which could be rewritten as:
wo=( -)o ()
Becaus€O is departing- with velocity v, the light signal reach and observerHrat timeo
equaling:
0 =Wo+—=wWOo+-0 (20)
Substituting the value @fd from eq. 9 in eq. 10 yields:
0= p — 0+-0, (11)

Which could be rewritten as:

o = o (12)

Substituting the value @f from eq. 7 we get:



o —— (13)

(14)

Or:
—-—= — (15)

Wherg =—8

The above derived relativistic distareguation predictdistance contraction only when the two
referenceframes approach eadther. On the other handh contradiction of the famous Lorentz
contractionfor distancing framesq. 15 predictiengthextension

The theoretical corollaries of the predicted length extensammot be exaggerated. As it opens
the door for a plausible unification between the physics of relativity and quantum mechanics.

will incur a relativistic "stretch"This means thattaufficiently hight , two particles, although
distanced from each ath could remain spatially connect®de briefly note that the relationship
between relativistilengthand time could be easily derived from equation 6 and 15 yielding:

—=2—-1 6. (16)

Figure 2 depicts the relativistic time and distance as a functifnAs examples, fop = -, -,

-k k-, for— and—we get-, -, 2, , 3, 4, and, 2, 3, 5, 7, respectively.
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Figure2: Relativistic time and distance as a functiord of
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2.3 Mass and kinetic energy transformations

Let us assume that that the rod has a totalmestsh distributed uniformly along the axis.

According to eq. 15 an approaching rod will contract causing the mass density along the x axis
to increase. On the other hand, a distancing rod will extend causing its mass density along the x
axis to dilute. Deno{framebyh gthebits hasddensity distributiany i n
will be given by’ =— ,whereAi s t he area of the bodyds cros

direction of movement. Ikt he densi ty —,wheli sen hley objjF=<xt 6s |
Using the distance transformation (eq. 15) we can write

j == =—m (17)
Or,

- = (18)

As could be seen from eq. 18 the relativistic mass density is inversely proportional to the distance
transformation. It is predicted to increase for approaching bodies and a decrease for distancing
bodies.The relativistic kinetic energy density is giveyt b

Q=—pU=—p® —] =e——of (19)

Wheree=—p@8 or b v¥&c)€qol8reduces to=" and eq. 19 reduces to

‘Q =—" 0 , which are the classical Newtonian expressions.

As shown by Figure 3 the relativistic kinetic energy densityafiproachingoodies is predicted
to increase witlp up to infinitely high density values sy -1.
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Figure 3. Kinetic energydensity as &inction of velocity



Strikingly, for distancing bodies the kinetic energy displays a-monotonic behavior. It
increases with b upB=tohmadmabhiemumeatr easlesciby z
obtained asymmetry in the kinetic energy digns its dependence dhis a natural result of our

axiomfree epistemic, in which no symmetry enforcing restrictions were introduced.
Nevertheless, emerging type of Amonotonicity is quite astonishing and difficult to anticipate.

Before we suggest whave strongly believe is what such behaviors tells, it is helpful to
calculating the critical velocify at which the kinetic energy density reaches its maximal value.

Deriving eq.19 with respect t@ and equating the result to zero yields:

B2+ if =0 (20)

Which solves for:

1
1
c
Qo
o

. 618 (21)

Where 0 is the {3&3¥Meuisstitubng!| dndhe enBrgytexpressipn (eq. 19)
yields:

Q =0 — (22)

From eq. 20 we can writd)s + 5 7 1 = 0, whichimplies p B = B and 1+ = —.
Substitution in eq. 22 gives:

Q = @ AT TP PaWT (23)

The resulabove depictedor the energy ternm Fig. 3, are astonishing for more than one aspect.
Mathematically, they are beautiful with fascinating Golden Ratio symmetries. Second, they
suggest aelativistic interpretatiorof the phase transition of matter from a normal (baryonic)
phase to a quantum phagecording to the suggested explanation, in transverse motion of the
type analyzed above, the relativistic matter densiigy distancing boyl is dilutedas a function

of its distancing velocitysee, eql8). For velocities below the Golden ratid<€ ) the kinetic

energy carried by the matter displays a selassical behavior, in the sense that an increase in
the bodies velocity cause an increase in its kinetic energy, although considerably less than what
would be predicted by Newton's quadratedationship (see Fig3). However, adramatic
transition in the distancing matter dynamigpredicted for distancing velocities exceeding the
Golden ratio. We propose that the point of transition discovered by our relativistic approach is
the point of quantum transition. A strong support for our conjecture comes from aSeiezte
article[35] reportingthat applying a magnetic field at right angles to an aligned chain of cobalt
niobate atoms, makes the cobalt enter a quantum critical state, in which the ratio between the
frequencies of the first two notes of the resonance equals the Gdtien Another support for

our conjecture is the fact theaximal kinetic energy at the point of phase transition is
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proportionalto amtrwnmp qwwavthi ch equals to the eighth dec
probability of obtaining an event which caadicts local realism36).

2.4 Matter-wave duality

Another conjecture, inspired by de BrogBehm model of mattewave duality(e.g., B7-41]),

is that the"relativistic loss" in kinetic energis carried by the matterdualwave To further

investigate our conjectursubtracting the relativistic term in eq. 19 from the nonrelativistic

(Newtonian) term’Q =-" v =-" 0 | ,yielding:

Q Q-Q=-"071 --0 —f ="0 —=—0 (24)
Where Q =-" 0

I n agreement with de Broglie's model, for boo

and wave energies are predicted to be in a state of equilibrium. As shown in Figure 4, the
predicted waveenergy density component increases rapidly with velodit relatively low
velocities, the bulk of the particle's energy is carried by its matter. The energy carried by matter,

and the energy carried by the w3aacoeesporainggo pr ed i

a stretch equaling- = —— = 2. For higher velocities, the matter density becomes very dilute

and the accompanying wave becomes the primary carrier of the total energy. Surprisingly, at
velocityl = 0 & 0. 6 Jaglistandnyg bodytundertakes a phase transition, seizing to
behave classically, the value of theletic energy density reaches its maximum and this
maximum is exactly equal g e, whi ch a mé&twmnmp §ea @he andount of the

wave energy densitgt this critical point is equalte—=¢ & 0. 2 9 The$: 6eBults.
are striking given theole played by this type of symmetry, in nature, technology and the arts,

including in the structure of plantd2-44], physics B5, 4547, structureof the human brain
[48], music 49-50], aesthetic$51], social sciencebp-53], and more.

3. Information Relativity theory's main features
The main transformations of the theory are depicted in Table 1. In the eqiatieaswherev

is the relative velocity between the moving body and the obsarveés, the velocity of the
information carrier, an2 =-& 0 . As could be seen in Table 1 and Figure 1, the theory

transformations are simple and beautiful, two qualities tieabelieved to be important features

of good theories (cf54]).

Inspection of the table reveals that Information Relativity has four unique predictions, which
distinguish it from all other relativity theoriek: The time interval transformation is asyrtric

in its dependence on the relative velocity (see eq.1), predicting time dilation for distancing
bodies, and time contraction for approaching bodies. 2. The length and mass density
transformations are also asymmetric with velocity, predicting lengtbnsion (and mass
density dilution) for distancing bodies, and length contraction (mass density increase) for
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approaching bodies. 3. The kinetic energy density for distancing bodies exhibits a non
monotonous dependence on velocity, with a unique maxi(samFig. 4), and. A relativistic
dualwave is predicted to emerge (seezband Figuregla & 4b). As shown in the figures, for

any given velocity, the total energy of a distancing body is predicted to be carried jointly by the
corpuscle, and its anpilot wave. At relatively low velocities, most of the body's energy is
normal energy, carried by the corpuscle, while at very high velocities, most of the body's energy

is carried by its pilot wavdnterestingly, at a recession velociy= — the energydensities of

the corpuscle, and its pilot wave, are predicted to be equal.

Table 1
Information relativity main transformations for inertial motion
Variable Mathematical Main properties
expression
Time interval 0 Contraction for approachirgpdies
Increase for distancing bodijes
Length 0 Contraction for approaching bodjes
E (1) Extension for distancing bodies
a
Mass density — " Increases witlfs for approaching bodig
(1 Decreases fadistancing bodies
Kinetic energy i v Increases witlfs for approaching bodig
density — (V) nonmonotonous for distancing bodje
with maximum equaling
atp= a0.618.
Wave energy v Increasesvith 3 for distancing bodies
density— V) Fort -hQ<Q;
Forf = -hQ = Qh
and forf >-Q > Q.
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Figure 4a. Matter and dual wave energgnsities for a distancing body as functions of velocity
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Figure 4b. The ratios of matter and wave enedgnsities out of the total energy, as
functions ofvelocity

Two subtle, but extremely important features of the theory, enables its application to ALL
physical systems:

First, since in the derivian of the theory transformation we did not restrict ourselves to light

or another electromagnetic wave as the information carrier, all the transformations depicted in
Table 1 should apply to classical systems, such as thermodynamic, acoustic, and seismic
systems. The only requirement for applying the theory to a physical system that the velocity of
the information carrier in the system must be higher than the relative vel83#y (>0 8
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Second, and no less important, Information Relativity themplies to all moving bodies,
regardless of their mass or spatial dimension. The logic behind this inference is straightforward:
Since in the mathematical derivation of the equations we did not put any constraints on the
body's rest mass density and lengthanda , the derived equations should be applicable to

all masses and all lengths. In fact, any other inference would contradict the basic principles of
logic and mathematic$én section8.1 we explain why Information Relativity is not forbidden

by Bell's theoremd2-24] from predicting quantum phenomena, and in sectks3.5 we
demonstrate it predictions and explanations of a sample of quantum phenomena, including
quantum phase transitipentanglement, and the diffraction of particles in the desliie
experiment.

Since we claim that Information Relativity universal applying toall physical systemshe
transformations depicted in Tableshould to all physical systems, irrespeetof mass and size.

In what follows we demonstrate ghuniversality of the theory by derivingredictions and
proposingexplanationgo of microscopic and macroscogenomena

4. Prediction of seminal relativistic results

4.1 Michelson-Morley's ""null** result

Whether Einstein was motivated by theminalMichelson-Morley's "null" experiment35] or

not, the success of special relativity theory in accounting for the experiments resodtsyis
times spoken of as a turning point in the historylgfgics, from GalileeNewton's ether physics

in which time was considered absolute,the nonclassical, Einstein's relativistic physics.
Another famous experiment, which was the first to confirm special relativity's prediction of time
dilation is the Fgch and Smith experiment on decaying muons.

For a typicalMichelsonMorley's type interferometer, the fringe shift calculated based on
Information Relativity theoryf¢r details see [5§]is given by:

w0 —1 (25)

Wherew wis the fringe ShiftDo is the interferometer's arm lengtiy =, c & 299792. -

TQC"‘{ handv is the velocity of Earth around tisen(va 2 Qb.d?)S

The comparable predictigorovided by Special RelativityisgivenBYD p T [ 8Table

2 summarizesexperimental results of severB&M type experiments,together with the
corresponding predictions of Information Relativity and Special Relativity.

As could be clearly seen in the table, the "null" result is also accounted for by the proposed
theory. In fact, the differences between the predictions of tbhdheories are either zero or in

the order of magnitude of 16,

14



Table 2
Predictions of findings reported by classical Michelson-Morley type experiments

Experiment Arm length FEi)feeCzE(ijft Fl\lfliilaseusrﬁi?‘t Resolutior ER SR
P (meters) g g prediction|prediction
Michelson anc
Morley [55] 11.0 0.4 <0.020r ( 0,01 |&44.34x10|44.34x 10
Miller [57] 32.0 1.12 00.03 0.03 |81.27x10|&1.26x 10
TomascheKsg] 8.6 0.3 d0.02 0.02 |&3.40x 10| & 3.40x 10
lllingworth 2.0 0.07 00.0004 | 0.0004 |4 7.89x 10| & 7.90x 10
[59]
P'Ccar[z(;‘ Stah 2.8 0.13 ©0.0003 | 00007h1. 11 k1. 171
Michelson et al
[61] 25.9 0.9 00.01 0.01 |&1.02x 10]41.02x 10
Joos[62] 21.0 0.75 d0.002 0.002 | &8.30x 10| & 8.30x 10

4.2 Time dilation of decaying muons

Muons generated when cosmic rays strike the upper levels of the Earth's atmaxsphestable

particles wi t h a | i fi edsingneuntessbf mibns=travelingdwithin a velocity of

0.9945@ to 0.9954, andcomparing their flux dengés at different altitudes (e.qg., top and bottom

of a mountain), reveals that the rate of decay near earth level is much higher than the orge resultin
from classical calculatior{sf., [63-65]). In therenownednuondecay experimer63], assuming

a velocity of 0.992c of muons in akrischandSmithfound that the percentage of the surviving

muons descending from the top of Mt. Washington to thd seas e | (d &8 1907 m.)
2.1) %, considerably higher than 36.79%, the expected percentage resulting froatativistic

calculation.
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Calculation based on Information Relativity (see detailb@}) shows thathe flux densityat
timet on earth$ given by:

0 0=Nm Q (26)

whereN(m) is the count at the mountain'slewdl i s t h e atisaesframeafnedt—i bme=

For 3 =0.992, Figures depicts the rates of decay predictedlibprmation Relativity, Special

- L : NI 8 ,
Relativity, and a nonrelativistic calculation. For an ascending timeaf = 3 a 6. 36
: . . . - . 8
€es., t he ppisterdic RelativigandsSpecidl Relativity are, respectivelyy———
-—2 8 8 8 s
x 100=Q 8 X 100 & 97F+—F%xanwdaQ 8 Xx 100 a

69.42%. By contrast, according to nonrelativistic considerations, the expected gugecent
) . 8 N —— .
surviving muons is only————x 100=Q 8 x 100 & 5. 55 %.

Relativistic DecayIR)

t(es)

Figure 2: Predicted rates of muon decay

5. Predicting the Sagnac effect

The Sagnaceffect, namedafter its discoverein 1913 p6], has been replicated in many
experiments (for reviews, se&771]). The Sagnac effect has w&hown and crucial
applications in navigation6[/-68, 71 and in fiberoptic gyroscopes (FOGsY2-76]. In the
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Sagnac effect, two light beams, sent clockwise and counterclockwise around a closed path on a
rotating disk, take different time intervals to travel the path. For a cirpatarof radiugR, the

time difference can be represented\bs — , wherev=w R andl is the circumference of the

circle ( = 2)m®day, FOGs have become highly sensitive detectors measuring rotational
motion in navigation. In the GPS system, the speed of light relative to a rotating frame is
corrected byt ) wherew is the radial velocity of the rotating frame aRds the rotation

radius. A plus/minus signs is used depending on whether the rotating frame is approaching the
light source or departing from it, respectively.

Many physicists claim that because the Sagféect involved a radial motion, it does not
contradict SR and that it should be treated in the framewbriieneral relativity T7-78].
However, Wang at al.7P-80] strongly refute this claim in two wetlesigned experiments that
show unambiguously thahadentical Sagnac effect appearing in uniform radial motion occurs
in linear inertial motion. For example, Wang et @B|[tested the traveime difference between
two countefpropagating light beams in uniformly moving fiber. Contrary to the LI priec@pd

to the prediction of SR, their findings revealed a trdieé difference of—, wherew as the

length of the fiber segment moving with the source and detector at a v, whether the segment was
moving uniformly or circularly. This finding in itself should have raised serious questions about
the validity of the LI principle and SR. If the Sagreftect can be produced in linear uniform
motion, then the claim that it is a characteristic of radial motion is simply incorrect. Because the
rules SR apply to linear uniform motion, the only conclusion is that SR is incorrect. Strikingly,
the unrefuted etection of a linear Sagnac effect and its diametrical contradiction with SR has
hardly been debated.

For the linear Sagnac effect, using the time transformation depicted in #a difference
between the arrival times of the two light beamgiven by

WeE—-—= = & 27)

Which is in agreement with the analysis and results repor{e®]in

6. Predicting the neutrino velocities reported by OPERA and other collaborations

Several collaborations, includif@PERAhave recently reported results indicating that neutrinos
velocity is not significantly different from the velocity of light. For example, OPERH [
reported an early neutrino arrival tirod & (6:5+7.4 O G8A & (sys.)) ns. The corresponding
relative difference of the muon neutrino velocity and the spebkghtfis:

— =(2.7£3.1 OO O § (sys.)) x10°. A similar "null" result was also reported by other

collaborations, including ICARUS, LVD, and Borexifg2-85|.
In two recent papers86-87] we demonstrated that Information Relativity y®fatecise point

prediction ofthe— valuesreported in all the aforementioned experimelmshe framework of

Information Relativity, contrary to Special Relativity, the direction of motion matters (see eq. 6).
Thus, the neutrino source and detector are tréatibe theoryas beingstationedn two different
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reference framed-or a typical natrino-velocity experimentour analysis (sef87]) yielded a
value of — equaling

— — p-1 (28)

Whered is the travel distancé. ts the early neutrino arrival time with respect to the velocity of
light c. For the OPERA&Xperimen{81], substitutingd = 730.085 kmand & 6.5 ns. yields

= 3 p i1 & 2% 67 x (29
38

Which is almost identical to the reported resulief O w8)=(2.7x3.1 1 0 &0 § (sys.)

x10 © Applying eq28totheexperimentgited abovéoy OPERA, ICARUS, LVD, and Borixeno
collaborations, yielddthe results summarized in Talde

Table 3
Predictions of ER for six neutrino-velocity experiments

Experiment Experimental — Predicted —

OPERA 2012 (corrected resul8l]] |(2.7+3.1 "I 18" § (sys.)) x107 2.67x10°

OPERA 201382 (-0.7£05 "1 184" § (sys)) x107¢ | -0.66x10°
ICARUS 2012 83] (0.4 + 2.8(stat.) = 9.8 (sys.)) x1077 0.41x107
LVD [84] (1.2 + 2.5(stat.)  13.2 (sys.)) X107 1.23x 107
Borexino B5] (3.3 £ 2.9(stat.) + 11.9 (sys.)) X107 3.28 x 107

As the tableshows thetheoryyields precise predictions fail the tested experimentSince
Information Relativitycontradicts both Special Relativity and the Lorentz invariance principle,

by asserting that the direction of relative motion matterssutbesss of Information Relativity in
predicting all the above discussed results, is yet another indication of their inadequacy as physical
laws.
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7. Explaining quantum mechanics

For more importansincelnformation Relativity theorys scale independent, it hold the promise
of aunified physics of everything/Ve shall demonstrate convincingly enough, not only that the
proposed theory is successful in explaining and predicting various quantum phenibsoa,
opens the door for a neyuantum cosmology, according to which cosmological entities, such as
dark matter, and cosmological phenomengh as the weknown GZK cutoff redshiftare in

fact quantum entities and phenomena at the cosmic scale.

Two main properties enable the apption of Information Relativity to quantum phenomena: 1.
The emergence of a matter duwadve,discussed in section 2.4 (see figures 4a and 4b). 2. The
predicted extension of distancing bodies. In the following section we explain why the second
property eables Information Relativity to bypass Bell's theorem, and in the following sections
we demonstrate the validity of our claim by reproducing some of the main predictions of quantum
theory.

7.1 Bypassing Bell's inequality

Before proceeding to explain quantum mechanical phenomena, we must yasyifyour
endeavor is not blocked by the impossibility asserted by Bell's inequmglityrbiddingany local
realistic theory from reproducing the predictions of quantum thelorg. recent papeiBB], we
showed that, despite being &baealistic Information Theory annotbe forbidden by Bell's
theorem.The argument supporting our conclusion is simpke evident from eq. 2 in Table 1,
given a sufficiently high velocity3, a distancing particle from an observer's -fesine, will
extend enough to keepe particleat spatial proximity with the observer's rest fraifteus, even
when locality in time iliminated locality in configuration space could be maintained. This
type of locality, which we term "spatial locality”, was not considgnexyiously,most probably
due to the firm belief in the Lorentz contraction effect, a prediction of SR which in fact has never
been established experimentally.

7.2 Quantum phase transition and quantum criticality

Quantum phase transitigoint [89-90] is explained by the theory as the point at which matter
departs qualitatively in it dynamical behavior from a classical or gulassical behavior. For an
inertial system, likethe one discussed here, the point of quantum criticality is the aesthetically
appealing Gol den Ra4aiThe coriespa@nding maximal matterecieergyF i g .

density at b = Armdwip fahBerkess--@ qual to

7.3 Entanglement

For an EPR bipartite system comprised of two identical particles moving away from each other
[91], the argument given in section 4.2.1 impligst given enough velocity, the two particles
could maintain spatial locality, even when tharticles have distanced enough to eliminate the
possibility of temporal (not faster than light) locality.[92] we foundthat the cross correlation
between the energy densities of two particles A and B, distancing from each other with velocity
b i snbygi ve
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ia QzQ Q, Q, a®W=I()- (30)

>v

Where d=—his therelative stretch (givenby eq.15) of particle A in the restrame of particle

B (seeor vice versa)Figure y depicts & as a function ofé8 The unigue maximum appearing

in the figure is foundby derivation with respect téhto be the solution of the following
polynomial

a-30-40+4=0 (31)

Which forad psolves atida 3 ., ofré@ponihg to a maximum cross correlation of a
0.08994(see Figure 5)

0.09-] Timax = 0.08994
‘:;-/ 0.06
0.5 E i 4': 4 7as ¢ 15 32 2 54 128 236 sl 1024 2048
The energies' functions cressor r el ati on i n terms of the di st

Figure 6.As shown in the figure, maximum correlation is predicted to occur at a distancing
velocityofba 0. 58145 .

Ymax= 0.0899

0041

0024

= 0. 58145
DDDDD L L Y

Figure 6. The crosscorrelation between the energies of two distancing particles as a function of
their distancing velocit
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7.4 Diffraction of particles in the double-slit experiment

The wavelike diffraction of corpuscles in Young's doulskt experiment haseen demonstrated

many times, using photons, electrons, neutrons, atoms, and mol&3dX). Nonetheless, it
continues to be an unsolved mystery. Richard Feynman, who was very fond of the diffraction of
particles in the doublslit experiment, called: "a phenomenon which is impossible, absolutely
impossible, to explain in any classical way, and which has in it the heart of quantum mechanics.
I n reality, it contains the only mystery. We
how it works. Intelling you how it works, we will have told you about the basic peculiarities of

all quantum mechanics'10]]. In a recent articl¢10Z2 we showed that Feynman's view is
incorrect, and that the buildup of a particles’ diffraction pattern in the dsliblxperiment

could be predicted and explained in the framework of Information Relativity theory.

To apply the proposed theory to the dieutit experimentconsider such an experimenthich
electrons are fired, one at a time, from an electron gun, towards two open slits in a barrier
separating the electron gun from an observation screen. According to Information Relativity, an
electrontraveling with sufficiently high velocity, will exhibit the particieave nature, from the

first moment it is fired from the electron gun. In the experimenter's refefeamoe, the
corpuscular component will "stretch” along its travaih (see edL5,). Such predicted "stretch”,
resonates with Schrédinger's original thoughts, that particles in quantum states become
physically "smeared out" over a region in configuration space. The energies carried by the
corpuscular electron, and its pilot wave, as a tioncof the electron velocity, are given by
equationsl9 and24, respectively (see ald@ures 4a & 41). The corpuscular particle may either

hit the barrier and bounce back, or pass through one of the two slits and hit the screen on its upper
or lower pat, depending on the slit from which it passed through. However, the pilot wave will
pass through thisvo slits, generating two secondary waves, which will start propagating in phase
from the two slits, while interfering with each other. If the particle passes through, it will be
guided by the superposition of the two generated waves. When hitting the tibsesceeen,

the particle's velocity will decelerate very rapidly. As a result, the particle will shrink back to its
restframe dimensions. The energy of the pilot wave will diminish dramatically and vanish (see
Fig. 4a). Simultaneously, the corpuscularpaill regain the energy lost to the wave, hitting the

screen in one point with energy equaling the classical magnitddel ). This prediction could
be easily verified from equations 4 and 5 for

As the reader might notice, thelbof the above explanation resembles the explanation given by
the de BroglieBohm theory. However, the proposed explanatio®s not suffer from the
measurement problem. In our explanation, the "collapse" of the wave is a direct result of the
corpuscle'sollision with the screen, which causes its velocity to decrease sharply, resulting in
the transfer of the wave energy to a classical kinetic energy of the corpuscle.

In [102 we derived gantitative predictions for particle's diffraction in thedoubleslit
experiment Using eq24 for the particle's dual wave ener@nd the equatio® = hf, where
'O is the wave energyf is its frequency, andQs the Planck constant™Q a
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4135667662 T e V. s & 6. p &6@ Y ove® thund that the wavelength of the
particle's dual wave could be expressed in terms of the particle's velocity as:

> = (32)

Whered is the electron rest mass, and the velocity of light in the experiment's site with
respect to its sourcBor aconstructive interferende appeaon theapparatus's observisgreen
& Should satisfy the relationship

d sin 6 =1n, N, 3, & n (33

Whered is the distance between the two slits, &nd the angle between the orthogonal line
connecting the center point between the two slits with the observing screen, and the line
connecting the center point between the two shitd) a constructive interference point on the
screen For thefar field, the distance between two constructive lines in the fringe pattern could
be approximated as:

WO - A (34)

Wherex is the distance between the barrier and the observing screen (sexrkig

Screen
_XA
Ay = d
y
7 : =
i X

Figure 7. A schematic setup of a doukdét experiment.
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Substituting t h3inagd34weget: of & fr om

R AR —

To demonstrate, for electrons, the rest mass is atfp@p 1 kg Thus:

8 o
= & 2. 4p210 In=0.024 A.

A= ——4& 0 .—62A

eq.

(35)

(36)

(37)

Figure8 depicts the length of the electron's piedive ) a function of its velocity[).

Electron's wavelength 4 (A)

0014

, ‘ , ‘ , ,
02 o1 01 02 03 04 05 05 07

Velocity p

Figure 8. The length of the electron's pata v e, @&, as

I
T
0.9

a

fAnction

Equation 35 yields two testable predictions: 1. That the fringe width should decrease
hyperbolically with the increase in the corpuscle's-megss, and 2., thatshould decrease even

sharper with increase in the corpuscle's velocity.

Qualitative explanations of ffierent variants of the doubkit experiments are also simple and
plausible. For whiclway experiment§103-105, installing detectors in front of the slits, causes

the particle passing through one of the slits to slow down, due to its interaction with the detector.

As a result, its velocity will decrease, causing the pilot wave to diminish and practically

disappearThus, no interference will occur, which is exactly what happens in such experiments.

This explanation conforms with the conclusion readndd 04, in which the disappearance of
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the diffraction pattern in the reported whialay experiment was attributed correlations
between the detector, and the atomic motion, rather than to the uncertainty principle.

In experiments in which the detectors are placed after the barrier, as in Wheeler's delayed choice
experiment$107-108, a particle which has passedahgh one of the slits, will slow down upon

its interaction with the detector, causing its pilot wave to diminish and the interference to
disappear.

To summarize, the proposed theories explanation is simple and sensible, with no "mysteries”
involved. Whatgoes on in the experimental apparaitithe double slitould be summarized as
follows: 1. The corpuscular matter and its pilot wave esiisiultaneouslyn the apparatus; 2.

Their paths exist as real trajectories in the apparatus; 3. The "observet'sieffaused by the
mechanical interaction between the corpuscle and the measuring devices; 4. The collapse of the
(real) wave occurs due to the particle's collision with the observation screen, causing its velocity
to decrease rapidly to zero, and thevevéo diminish, while giving away all its energy to the
corpuscle, which by this restores its classical Newtonian energy.

7.5 Solving the hydrogen atom problem

It is well accepted that a satisfactagiutionof the hydrogen atom problem, whictc@mpatible

with first principles and having first principles as the basis of quantization wasfaemdr{109]

The classical model of the hydrogen atom proposed by Niels Bohr was in fact a straightforward
application of Newt ond Hsl dvasv off . Hdvaierdhe i and o€
solutionis with theelectromagnetic theoyyvhich predictsthat the orbiting electron witladiate

energy in the form of electromagnetic wavasd will eventually loose energy and fall spirally

into thenucleus Toovercome this problem Bohr enforced a law of orbits quantization, according

to which electron can orbit the nucleus only in specific arbits

Quantum electrodynamics was proposed by Dird®62to provide a generalization of quantum
mechanics for high energiesdonformity with the theory of special relativity and to provide a
consistent treatment of the interaction of matter with radialanr ac 6s quant um el ec
gave a more consistederivation of the results of the correspondence principle, but it also
brought about a number of new and serious difficulties. (1) It does not explain thadmetion

of bound electrons, (2) It admits solutions of negative rest mass and negativeedieegy, (3)

It leads to infinite kinetic energy and infinite electron mass for the interaction of the electron with

the predicted zerpoint field fluctuations, and (4) It still yielded infinities when Dirac used the
unacceptable states of negative masdHe description of the vacuum [1,11.11].

Information Relativity solves the hydrogen atom problem witlemfiorcing quantization of the
electron's orbits.For thispurposewe consider a simplified modelf the hydrogen atomn
which the electron orbits the protahthe nucleus a circular orbit{see Figuré®).

The centripetal force which binds the electron to the proton is equal to:

F=—— (39)

Neglecting the gravitational forceie can writéO "0, or:
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— (39)

WhereQ is the electrostatic constar®E 8.987551787368176 1tN-m%/C? &
8.99>p 1tN-m?/C?). From eq.39, the radius could be written as:

r= = (40)

Wheref3 = -, andc is the velocity of light (in the source rest frame).

Figure 9. A simplified representation of theydrogen atom

According tolnformation Relativitythe orbiting electrorwill stretch relative tahe restframe
of a fixed perimetecorresponding to eadius r is Using eq. 15, the wavelength of the
electron's dualvave isgiven by:

A=d=Q —=2i — (471
Wherei is the radius of the electron at rest (i.e., the classical radius). The electron will stabilize
in a given orbit with radius only if the weave front of the electron’'s wavacket, arrives in

complete phase synchronization witie wave'stail", i.e., only if it constitutesa standing wave
(see Figl0).
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Figure 10: First three harmonics of a "standing wave

For this to occur, the wavelengthshould satisfy:

Or:

Equating

t he

Which could be written as:

Whereo =

. Defining 0

— Q.46 couldbe written as:
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Which could be simplified to yield:

ff 81t ®& mn= 1, 2, 3, é (49

For n=1 we have:

0 = = 3 - - —=y& v vapar -— (49)

There is no agreed upon length of the electron radiusa farangeradius of5.5x 102 m.,
reportedn [114] we obtain:

. . 8 o
0 =y uvvapar —= —5 @ 0.016 (50
Substitution in e@8 gives:
Por =1 2 m n= , 2, 3, & (5

Table4 depicts the radii of the electron's orbit forn=1¢2, 6, t oget her wi t h

electron'svelocity 3. These relationships aaésoshown in Figured1and12.

Table 4
radii and corresponding electron velocity in the hydrogen atom

n b R (inm.)
1 0.112929 2212 xp 1
2 0.0823563 4.156 xp T
3 0.0682074 6.059 xp T
4 0.059583 7.940 xp T
5 0.0536128 9.807 xp T
6 0.0491606 1.166p 1
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Figure 11. Velocity of the electron at various orbitsTr end |1 i nel: 8 mHRe=0.9999) . 1132

¥ (x10-%m.)

Figure 12. Radii of various electron orbi{3rend line:r(n)=1.8878*n+0.3649; R2=0.9999

It is important to stress that the above derivation of the hydrogensgtermitted radii was
accomplishedvithout anyassumptiosabout quantization as done by Bohr, and withamyt
considerations of uncertainty, neither directly, nor through utilizatid?larfcks constant.

8. A new relativistic quantum cosmology and astrophysics

The proposed theory, without alteration or additional assumptions, provides a simpleyahte
model of the cawology of the universebased only on the classicBloppler redshift (a z
cosmology)We term this model "quantum” because iatsehe dynamics of receding galaxies using
the same model of matterave duality utilized for explaing quantum mechanics. In the framework

of Information Relativity, the scale of the system is of no importance. We shall show in the
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proceedings that dark matter is quantum matter at cosmic scale, and the amounts of "dark energy”
reportedin ar g e BM asewatiana studies.

8.1 Information Relativity's cosmological transformations

To apply the theory to cosmologye rewrite théransformationsn Table 1in terms oftheredshift

z, instead othevelocity 3. For deriving theelationship between redshift and velocity, consider an
observer on earth who receives redshifted waves emitted from a receding galaxy. Assume that the
recession velocity at the time the waves were emitted was equdlsing Doppler's formula, we

can wite:

z= = (52

Where_ ("Q is the wavelength (frequency) of the wave emitted by the galaxy anfiQ s
the wavelength (frequency) measured by the obséiMemlso havéQ =——and 'Q =—,

Where w0 ©& QO are the time interval corresponding t6Q and "Q h respectively.
Substitution ineq. 52gives:

z= = 1 (53

. Substitution in eg53yields:

TI
T
o
3

8
(@)}
2
<
.‘T
|
=
>0
@
D
gon)
=50

z= — 1=— (54)

p=— (59

For blueshift the same equation holds except that we must reflbge b . SubsthSinuti ng
the transformations depicted in Taldleyields the transformation as functions of the redshift z
depicted in Tablé&.
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Table 5
Information relativity transformations in terms of redshift z

Physical Term Relativistic Expression
Time interval — =741 u( P
Distance — =27 +1 u(X
Mass density — (58
Kinetic energydensity (59
Wave energy densil
ay — = @

In previous articles 15116 we applied eqgations 5660 to construct a simple and plausible
cosmology. Here we summarize the more impontasilts:

8.2 The pattern of recession velocity
The recession velocity iag.55 fits well with current inflammation cosmological models. As could

be seen in Figuré3, for very high redshifts (froma 8o z 1¢89), the predicted recession velocity

is close to the velocity of light, and its deceleration rate is low and relatively steady. This prediction
confirms with accepted inflation theoriI7-118 predicting an early period of accelerated
expansiorof the universe. For very low redshiftsQz 0 thelrgcession velocity is predicted to be
low and relatively steady. In the midrange of redshifts, betwe8ganad zOg, the model predicts

that the universe underwent a period of rapid deceleration.

Quiescence

Recession velocity

T Deceleration

Inflation

0.0009765625 0.00390625

Now

0.015625 0.0625 0.25

64 256

Redshift (log scale)

Figure 13. Recession velocity as a function of redshift z
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8.3 Predicting the expanding universe
The constructed model predicts an expanding universe. From equggiand57 it could be easily
seen that:

—=2—-1 (61)

Which predicts a unidimensionakpandinguniverse,in which the relativisticspatial dimension
increasedinearly with the relativistic time interval.

8.4 Explaining dark matter and dark energy

Perhaps the most important result of applying InformatielatR/ity to cosmology is the

interpretation it provides for dark matter and dark energy. According to the theory darkisatter
quantum matter at cosmic scaleereas the measured amounts of what is believed to be negative
dark energyis the energy of associated with the recedingmological structures (e.g., galaxies)

pilot waves. This explanation abolishes the mystery of the source and nature of dark energy.

The kinetic energy density, and the accompanying wave energy densityctsris of redshift (in
logarithmic scale), are depicted in Figl#

The predicted decline in kinetic enekngmwn densi
GZK cutoff limit to the cosmigay energy spectrunil9-120]. In the proposed theorydhGZK

cutoff point is the point of cosmiguantum criticality.As shown in Figl4, the maximal kinetic
energy density is predicted to be at agreemdesthi f t
with the HiRes experimerghow a break inthe umi nosi ty densities QSOO
z=1.6, as well as with numerous discoveries of quasars, galaxies, and AGNs, indicating a break in
luminosity densities at about z=1.6 (e.d.2]-127), including a recent discovery of galaxies at
redshift equiing exactly 1.618123.

@5 =0.09016994

7 =0 +1~1.618 10 100
Redshift z

Figure 14. Matter and accompanying wave energy densities as functions of redshift
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A testable prediction of the model is the prediction that at redshifts below @erresponding to

recession velocitf = -) the universe is dominated by normal matter suchitb#ébe kinetic energy
density is larger than the energy density of the accompanying wave, while at redshifts higher than z
=—the universe is dominated by the accompanying wave (dark energy).

For a given redshift rang@ ;& ), & > &, the amounts of matter and wave energies could be
calculated by integratingverthe functions in equatior®® and60, yielding (sed116]):

==-In ) - (62)

And,

= Qq +2—1 2In( -=In( (63

8.5 Predicting the results of s CDM cosmologies
Calculations based on the above expressions are in good agreemeabseithationally based

sCDM cosmol ogi es. As e x a mpl, tested By Wittman leteal. (RO8Q) s h i f
[124] , it was concluded that dark matter is distributed in a manner consistent with either an open

universe, withmy  0.045,m -m 0405m O, or with m GOGDM wi t
m -m  0.291,m 0.67, wheram is the fraction of gtical density in ordinary (baryonic)
matter,m is the fraction of all matter, ana) is the fraction of dark energy. In the open
universe model, we havg =0.045+0405=045amy O, whereas in the
havem =0.039 + 0.291 = 0.33, ang  0.67. Calculating the ratios of kinetic and wave

energiesrom equation$2 and63 forthe same redshift range gives:

— = = a 0.382 (a 38. 26%)

And,

- = 8 0.618 (A& 61. 866

Which is in agreement with themn ehsger)Fttheons b

entrerange ofseni | assi cal matter +98—©é 8. 108%8)adawd ¢
0.3420, yielding:

0.233 (or 23%) 66)

I
Qo

And,

1
Q)o
o

. 767 (or 76.7%) (67)
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Which is in excellent agreement028int hrXtxee, s CDWN
e.g., 125127]), and quite close to thg =0.26,m =Tt 1Ccosmology (see,.q., [128-130]).

8.6 Predicting the Schwarzschild radius of black holes.
Karl Schwarzschild whi |l e serving in the German Army on
field equations for a nerotating unchargedsphericablackhole [L31-132. Fora star of a given

massM, Schwarzschildoundthe critical radiu®k =——, whereG is the gravitational constant

andc is the velocity of lightat which light emitted from the surface would have an infinite
gravitational redshift, and thereby infinite time dilation. Sadtar, Schwarzschild concluded,
would be undetectabley an externabbserver aanydistance from the star.

Our understanding of the processes involved in the evolution and decay of bladk laotely

due toquantummechanical andhermodynamic theorie€arly in 1974 Stephen Hawking
predicedthat ablack hole should radiate like a hot, Ablack figrayo) body [L33. Hawkings

theory of black holess consistent witlBekensteits generalized second law of thermodynamics
[134)], stating that the sum of the blabkle entropy and the ordinary thermalrepy outsidehe

black hole cannot decrease. According to this predichiatk holes shoultlave a finite, non

zerq and nordecreasing temperature and entropy.

The first Xray source, widely accepted to be a black hole, was CygfiuglZ5. Sincel1994,

The Hubble Space Telescope, and other speafes and extremely large ground telessipee
e.g.,136-139, have detected numerous black holes of different sizes and redsfift®w know
thatblack holes exist in two mass ranggsall ones of (MM 10 Ms ) (Ms , solar masspelieved

to betheevolutionary end points of the gravitational collapse of massive stars, and supermassive
black holes of Mm p 1TMs , responsible for the powering of quasars and active galactic nuclei
(AGN) [140-142. Supermassive black holes, residing at the centers of most galaxies, are
believed to be intimately related to the formation and evolution of their galaxdigsl42].

The SchwarzschildsolutiontoEi nst ei n 6 s Vieldes & critica boleradiusod R s

—. However,Schwarzschild s s osuffers from a serious patholodgygcauseét predicts a

singularity wherby the fabric of spacetime is torn, causing all matter and radiation passing the
event horizon to be ejected out to an uimf spacetime, leaving the black hole emtitys,in
violation of the laws of thermodynamics and contradiction with quantum mechargcsy3-

144]. Many believe that the black holes (and the Big Bang) singularities anbr&akdown in

GR.

Attempts to solve thsingularity problem are aplenty. Bardeen was the first to propose a regular
black hole model [45]. In 1968, he produced a famous model, conventionally interpreted as a
counterexample to the possibility that the existence of singakmay be proved in black hole
spacetimes without assuming either a global Cauchy ksipéace or the strong energy
condition. Other regular nAnBardeen bWl hol es
but rone of these models is an exact solution to Einstgunations 152]. Other solutiondo
produce singularityree black holecome fromquantum mechanics [e.d.53157], andstring
theory e.g., 158159, and.As examples, Ashtekand others proposed a loop quantum gravity
modelthat avoids the singularities of black holes and the Big BEimgjr strategy was to utilize

33



a regime thakeeps GR intact, except at the singularity point, at which the classical spacetime is
bridged by aliscretequantum oneAlthough the solution is mathematically difficult, its strategy

is simple.It begins withsemc | as si c al state at | arge | ate tir
time, while keeping it sertlassical until one encounters the deepnékaregime near the
classical singularity. In this regime, it allows the quantum geometry effects to dominate. As the
state becomes sefdliassical again on the other side, the deep Planck region serves as a quantum
bridge between two largelassical spad¢enes [L53].

To derive Information Relativity solution for an uncharged,-naational black hole, consider
Figure 15 which depictsa schematic representation o$@permassivelack hole with mass M

and radiukresiding at the center of its hagtlaxy The figure shows three particlegith equal

masses and velocities, different distances from the center of the black hdedepicted in the

figure, the more distant particle will be deflected toward the black hole, but will escape it due to
its large distangeand continue its travel in spad®y contrast, the closest particle to the black

hole will experience a strong enough gravitational force to cause its absorpdidheirblack

hole. Now consider the third particle, whialotates aroundhe black hole at radiusr. Such

particle could be a baryon or wave quanta entrapped at a critical distance, ensuring that it rotates
around the blackole For such particle, the accelerat@®gsupporting a unifornadialmotion

with radiusr should satisfy

@O wl=—=—1 (68)

The force supporting such motion, accordinglewton's second lavzould be expressed as:

'G— = =m +v =

mw+t)—— —=mw+va—— = (mM+v—)a (69

Figure 15. Three patrticles near a black hol
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Substitution the term fanfrom eg. 18 in eq. 69and deriving m with respect toyields:

F=T—— 4 a (70)

F=—— 4@ a=——4& — 4 O ———1 - (71)

Using Newtoids general law of gravitatiome get

G—=a & ——1 - (72

Solving forr yields

r= 1 (73

Assuming spherical symmetry, et describes the dynamics of the host galaxy as a function of
velocity. For dight photon}  p hwe have

r ( p =R=—— (79

Which exactly equals the Schwarzschild radiosy t  wi t h no singul arity i
Interestingly, the solutioreq. 73) has a nakedpatialsingularity af satisfying

p ¢f T m (79
Solving forf3, we have:

B=Mc-1 & 0.4142 (76)
With corresponding redstiof:
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z=—=—4& 0.707 (77)

It is important to stress that the predicted singularity is in space and not in spacetime, as
prescribed by General Relativity's fieddjuations. In fact, Information Relativity in general,
including in its present application to the black hole problemesdot require reference to the
notion of spacetimeRather, it isa straightforward relativistic extension of GaliBewton's
physics, and as such, it treats space and time independently of each other.

To express the derived radius in terms of retlshié substitute the value Bffrom eg. 55in Eq.

73and solve foi hyielding:

i =( (79)

Figure16 depicts the ratid , normalized by—, as afunction of z.

rl <M
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741.618

Figure 16.I / — as a functionf redshift

As shown by the figure, for very high redshiftsonverges tq —%’— (theSchwarzschild radigs

Moreover, the result ireq. 78 has some interesting propertigd) i has a nakedpatial

o

singularity, atz= —=a 0 , (2) &x displays a striking Golden Ration symmetry, such that for z

= ( & 11(—6-181.618, (3) It has a point of minimum in the range between the above
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mentions redshifts. To find the point of minimum we delive (—— with respect to z and

equate the result to zero, yielding:

4¢ ¢a pm@ @a p T (79)
Whichsdvesatd a 2. 078, yielding
i &1.5867(— (80)

The prediction of an extreme galactic activityz@ 0 .is7sOpported by mangbservatioal
studies, which reportetthe detection of quasars, blazand other AGNs ata 707[e.g.,160
-163]. For example, a recent study Bteinhardet al.[16( reported the discovery of a Type 1
guasar, SDSS 0956+5128, with extreme velocity offsets at redshifts z = 0.690a0d 04/07.
The prediction of AGNs a & 2.078is also confirmed bgbservationge.g.164-165].

| also compared the dynamical dependenaeant redshift €g. 19) with the dynamics reported
in [166] for a cosmology ofp =0.3 andn =0.7,( =70kmO MpA . Figurel7adepicts
the predicted radius(in Km) as a function of redshift fontermediate and massive black holes
and Figurel7b depicts comparable results reported166]. Comparison of the two figures
despite differences in scalinggveals a remarkable similarity between thsultsof the two
models.
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Supaermassive black holes
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Figure 3. Predicted as a function ot (Fig.17a) and comparable results base¢ oG D vhodel
m =03 m =0.7( =70kmO MpA reported by Hook (2005).66 (Fig 17b).

8.7 Predicting the mass of the Higgs boson

The possibility of existence of the recently discovered Higgs bd€xi1[68 was proposed more

than forty years agdn the Standard Model (SM), electroweak symmetry breaking (EWSB) is
achieved by invoking the Higgs mechanism, which requires the existence of the Higgs boson
[169-177. In theSM, the Higgs boson mdss |, is a priori unknown. However, for a givén

hypothesis, the production cross sections and branching fractions of each decay mode are
predicted, which enables a combined search with data from several decay ch&Thels Jily

2012, the ATLAS [67] and CMS [L6§ collaborations announced that they had discovered a

new particle with a mass ~125 GeV, which qualifies as a candidate for the theorized Higgs boson.
ATLAS reported a particle mass D126 GeV with a | ocalCMSigni fi
reported amass =125.3+0.4(stat.)£0.5(syst.)Gew,i t h a | ocal ®kthgni fi ca
signal region of5.56i 5.68) GeV thereconstructed mass & andQ using up to4.6"Qc at

7 TeVof pp collision datas shown in Figure 1 (se&{3-174)).

To predict the mass of the Higgs boson we took a cosmological ofi¢iae creation of the

unstableHiggs boson(e.g., [175178]). Like the W and Z bosons, the Higgs boson gets its
mass from the Higgs mechanism. It imssumedthat this process has occurred at an epoch in
the early universe, characterized by an unstable phassitions[[178]. This assumption fits
well with the prediction of Information Relativity theory, which predicts that quantum phase
transition is predicted to have happére a redshift equaling = 1 + (seedig14). 6 1 8
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Figure 1. The reconstructed massof andy candidates, fitted with a thremmponent PDF (blue
solid curve) consisting of signal (blue dashed curve), combinatorial (magentdasingd straight line)

and6 background (red dedashed curve, bottom(Source: 173])

To calculate the Higgsiass,from eg. 23, which gives the kinetic energy adshiftz

we can write:

Or:

a 1.

(81)

(82)

For the lower bound of the signal regioi(5.567 5.68) GeV reported by ATLASwe have:

a HG=2x2— x 5.56 (GeV) &
And for theupper bound we have
a G=2x"_ x 5.68 (GeV) &
And the average mass is equal to
@ ha——2 8 124.652

22.180
22.180
Ge V.

X

X

Which highly agrees with the reported results of the mass of the Higgs boson.
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9.8 Predicting the evolutionary timeline of chemical elements

Currently, the details of the ionization hist@renot well understoodl]79], but it is believed to

exist at as early asD 20 [180]. It is well accepted thdtision reactions (starting with hydrogen

into helium) inside stars synthesize the elements up to iron, and that elements heavier than iron
cannot be formed by fusion, atithat they are synthesized as a result of slow and fast neutron
capture reactions, known ascapture 180].

The proposed theory can be used to make predictioost thecosmic ionization of light and of
heavy elementsThis highly important issue goes far beyond the scope of the present paper, and
will hopefully be addressed in a subsequent pagere, | only give a glimpse of the topic by
applying the theory for predicting the times of formation, after the Big Bamgpdight elements,
Carbon # and Oxygen #8

For this purpose;onsider the generic nuclear fusion of the type

8+ 9= : 5 © (86)

Wherek, |, andmar e t he atomic weights of the el ement
elementary particle, an@ is the emitted kinetic energy. Denote the difference in atomic mass

bet ween the interacting and the pmitedkinetcd el em

energy is carried by the newly formed particle Z, from5&gwe have the following:

0=-46 ——=-amd (87)

. y
Solving for—, we get

=— (88)

The rightside term in eg88is identical to the kinetic energgrm (see e9), implying that the

dependence oty— on z mimics the dependence on z of the kinetic energy density depicted in

Figure 4, with maxi mum obt #88(see aso Bidurd4) reviealsl . 6 1 8 .

that for very high redshifts, the rate of increase in atomic massis very low suggestinghe

differences between the atomic masses of very heavy elements are predicted to be small. A similar
prediction applies to the differences between the atomic masses of very light elements. As we
move from epochs of very low redshifts to epooifilarger redshifts (or from epochs of very high

: . Yoo . . :
redshifts to earlierepochsy-i s predi cted to increase, reachi
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. . y . .
To derive the term for the dynamical dependence-ef on time, denote the redshift

corresponding to thBig Bang momentby (& 1089), with correspondi
BY). From eq. B, we canwrite the following:

—=a +1 (89)

For any timet, and redshiftz, usingequation66 and89 we canwrite:

-—=— (90)
Which yields:
z=@ p--1 (91)
Substitutingz from eq.91 in eq.88, we get:
e ©2)
Fora a 1089 >>eq92forsgiVeyi ng
e A — (93)
For T & 13.789 BY, we get
04 ——. 13.789 BY (94)

In principle, given any nucleuses reaction, @jcould be used to explore the timeline for the
formation of the various chemical elemer@slving eq92 for z gives:
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20 +(5—5—)a +4z+1=0 (95)

To demonstrate, wapply the model for estimating the redshifts and times for the cosmic
formation of two important elements: Carbo# and Oxygen / 8Carbon #is produced by
the nuclear fusion:

"A (A #+0 (96)

Thus,

<
09
09

= = 0.000658925 (97)

LY . . ,
Substituting— = 0000658925 in eq.®and solvingor z yields:

G848 75634 aon.do 27

Using eq90, we have:

0 = T= X 13.789 a 9.6 BY. (98)
And:

. 8 2

0= T= X 13 .0083BY al3MY. (99)
For Oxygen / hthe nuclear fusion reaction is:

#+ (A 1 +0 (100

Thus,
y 8 8 z 8 .

= = & 0.00086l61D 1
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LY : ,
Substituting— = 0.00086891 in e@5yields

Ga 573ga aOn.do 31

Which correspond to:

o = X 13.7R28BY. & (102)
And,

. 8 o

0= T= X 13. 00@3IBYaE 13 MY. (103)

The above results are consistent with observations. The low redshift predictions are in agreement
with the findings of several survey studies using highly ionized metal absorption lines in
ultraviolet, and Xray spectra. These findings revealedadmndane of Carbon and Oxygen in

the Milky Way, at redshift z = 0.027 [50], and of Oxygen at z = 0.Q39][ Precision tests for

the predicted high redshifts are (still) unfeasible, but several survey findings were successful in
tracing the formation of Carbaand Oxygen t o ed®)])]y epochs, of z
The above mentioned predictions are quite interesting, because they im@githan # and

Oxygen [/, and most probably all chemical elements, were created twice: once in massive
galaxy structures in theady universe epochs, at redshifts z > 1.618 (golden ratio), and a second

time in the more recent hi st oltig noounredliskiceto uni v e
conjecture that the ionization of elements at low redshifts is indeed a seconti o * nr e
ionization, 0 probably in the internal gal axy

applies to an observer in any galaxy, the theory predicts that the process of ionization that took
place closer to the Big Bang repeats itself Irgalaxies, with their massive black holes playing
the role of the Big bangnother of all blackoles

9. Summary and some concluding remarks

In this article we proposeah axiomfree modification of GaliledNewton's dynamics of moving
bodies.Specifically, we extended classical physics to the realm of high velocities, simply by
accounting for the time travel of information about a physical measurement, from the reference
frame at which the measurement was taken, to an observer in anotherceefesene, which is

in motion relative to the first frame. We demonstrated that this modificattapable of unifying

the physicsof moving bodiesregardless of their size and ma$ée claimed unification is
supported by the fact that the same derisedof simple and beautiful transformations, apply
successfully to predicting and explaining many phenomena and findings in cosmology, quantum
mechanics, and moré major advantage of the theory, besiite unifying approachis that it

deals only with observable physical entiti€able6 summarizes the maingaiction presented

in this article.The signs-, +, ?, and ?Mn the table's cellsndicate neprediction, successful
prediction, disputed, and highly disputed preadiag, respectivelyOf particular significance are

the solutions of the hydrogen atom problem and the mystery of the double slit experiments, for
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which no satisfying explanations have been provided yet. No less important are the explanations
proposed forhie bewildering phenomena of dark matter and dark energy.

Generalization of the theory to include the gravitational forsrasghtforward ands detailed

in [10], wherewe show that the theory is capable of providing predictions and simple
explanationsdr the strong force, quantum confinement, gnantumasymptotic freedom. Since

the theory applies equally to the temall and the tobig, we conjecture that similar forces and

guantum processes may govern the interaction of black holes with mattéatgchbly them.

Experimental Result/ Special General | Quantum | Information | Remarks
Observation Relativity | Relativity | theories | Relativity
1. Particle physics
1 | MichelsorrMorley _ _
"null" result
2 | Time dilation of decaying _ _
muons
3 | Radial and linear Sagnac _ _ _ Contradicts
effect Special
Relativity
4 | Higgs Boson mass _ _ + +
2. Quantum mechanics
5 | Matterwave duality _ _ + + Compatible
with de
Broglie-Bohm
theory
6 | Quantum phase transition _ _ + +
+ +
Quantum criticality _ _ + + At the Golden
Ratio
(Coldea, 2010
8 | Entanglement _ _ + + Explained in
physical terms
9 | Particle's diffraction in the _ _ Explained in
doubleslit experiment physical terms
10 | Hydrogen atom problem _ _ ) Quantization
) is concluded,
not assumed
11 | The strong force _ - + + Explained in
physical terms
see [10]
12 | Quantum confinement + + Explained in
physical terms
see [10]
13 | Asymptotic freedom + + Explained in
physical
terms see [10]
3. Cosmology
14 | Dark matter _ _ o) + Explained as
cosmic
quantum
matter
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Experimental Result/ Special General | Quantum | Information | Remarks
Observation Relativity | Relativity | theories | Relativity

Explained ag
15 | Dark energy - - 7 + the energy of
the matter's
dualwave at
cosmic scales
16 | GZK cutoff + Quantum

criticality at
cosmic scales
17 |Predicting results _ o) _ + Explained ag
Of CIRBM cosmologies ' the amounts o
cosmic dual
wave energy

18 | Black holeradius _ + - + Without an
interior
singularity

19 | Timeline of evolutiorof _ _ _ + Not predicted

chemical elements by other
theories

We are fully aware of the fact that the proposed approach constitutes a huge paradigm shift in all
physics. The difficulties in merging it with contemporary physics are enormous, and so are the
social and psychological difficulties which would result freach mergerHowever, he fact

that our theory is grounded only on physical fagith no theoretical axiomgoupled withits
unquestional@ succestul in predictng and explaininga multitude of physical phenomena,
should be enough taconvine an unbiasedeader, that it deserves a chance to be put for
experimental testg. At present, the theoretical model of realitfregmented, mathematically
cumbersome, expressed in Aamysical terms, full of inner contradictions, Rbndgeable with
Newtonian physis, and incapable of answering fundamental questions like the nature of dark
matter and dark energin contrast, & propose a unifying alternative whichcgherent, non
axiomatic, simplend beautiful, consistent wittlewton's physicgswvhichprovides plasible and

easy to test explanations of fundamental questions of phyibsss directed by prejudice or
conservatism, it is hard to understand vahtyuescientist will notwantto consider th@roposed
theory.
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