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We present principles of Measurement Quantization (MQ) and approaches to measure-
ment that support the discreteness of measure. Several claims are addressed. Notably,
that measure is discrete with respect to the internal frame, non-discrete with respect
to the system frame and that length is contracted due to the discreteness of measure.
We address the relation of angular measure to momentum, the physical significance
of count bounds and that the fundamental measures — more precise expressions for
Planck’s units — are an emergent property of the internal frame. Quantum experiments
by Shwartz, et. al and CODATA provide physical support. We predict and derive values
for elementary charge and the gravitational, Hubble, reduced Planck, electric, magnetic,
Coulomb, and fine structure constants. We then correlate gravity with electromagnetism
(unification). We present expressions for galactic rotation, dark matter, dark energy, and
accelerating expansion. MQ advances over Loop Quantum Gravity with two frames, the
difference which leads to the physical constants and the laws of nature. We correlate the
quantum and cosmological, describing an inflation free quantum epoch, why it ceases
and expansion. Therein are solutions to the horizon problem and homogenous, isotropic
properties of the universe. Predictions include length contraction unrelated to special or
general relativity (SR/GR), 13-digit measures of the gravitational constant, the Planck
momentum, and universal mass accretion. A calculation of CMB age, quantity, present-
day density and temperature provides additional support. Also offered, discrete solutions
to the size and age of the universe, ground state orbital, SR, GR, and equivalence.

Keywords: Measurement Quantization; discrete measure; fundamental measures; Planck
units; frames of reference.
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1. Introduction

We demonstrate three features of our universe, that

e measure with respect to the Measurement Frame of the observer is discrete.
e measure with respect to the Target Frame of the universe is non-discrete.
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e a description of the difference between these frames allows us to resolve expres-
sions and values for the physical constants and the laws of nature.

Physical support for these claims is accomplished using the Measurement Quan-
tization (MQ) approach to classical expression. For those new to MQ), this approach
is characterized by one feature, an expansion of the existing nomenclature. Instead
of describing, for instance, the speed of light is such that cty = Iy, we expand this
nomenclature using measurement pairs, each measure has some count of its corre-
sponding reference measure. Thus, we would write ¢ = npls/nrty. Note that we
have changed the order of terms purposefully. This paper presents physical support
for the reference measures and with that, the physical significance of a nomenclature
expansion.

This is accomplished in several ways but is most directly confirmed by a measure
of length contraction, a feature of discrete measure that increases with decreasing
distance. Not discussed with respect to other discrete interpretations of nature,
MQ recognizes that a discrete measurement framework is an emergent feature of
physically significant references in nature. And where the notion of length can be
described by the Pythagorean theorem as a function of whole unit counts of the
reference length, we recognize that there also exists a remainder, a fractional count
of the reference (i.e. (12 +12)1/2 = 1.414...) that is lost with each increment of .
This appears physically as length contraction 2Q nr, (Appendix D] a function of
the fractional count @, relative to the length count ny, — and can be verified with
respect to the existing measurement data, as found with each CODATA publication
of the physical constants [IH3]. This effect is not related to Special or General
Relativity (SR/GR) [4].

Accompanying this paper, we add two supplements.®

Both are Excel spreadsheets. The first spreadsheet (Supplement 1) contains
calculations of all expressions in this document. The second spreadsheet (Supple-
ment 2) contains calculations of all expressions in the body of this paper and sup-
porting papers that address applications of MQ.

We would like to bring to the reader’s attention several features that are not a
part of the MQ approach. For one, the fundamental measures are
not axioms to the MQ approach. MQ does not consider approaches such as hidden
or free variables. MQ does not entertain multiple dimensions above the three spatial
and one time dimensions we can readily measure. MQ does not entertain disciplines
such as Loop Quantum Gravity (LQG) [5, 6], String Theory [7], or Supersymmetry.
MQ is not predicated on new axioms or new physics beyond what is implicit to the
existing expressions of classical theory. That is to say, MQ is an approach to writing
classical expressions achieved with a physically significant expansion of the existing
nomenclature.

https://www.researchgate.net/publication/361148724_OnlineResources!
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The purpose of this paper is to use the existing expressions of classical mechanics
to demonstrate discrete measure, to make predictions not previously made (i.e.
length contraction) and then show that those predictions are verifiable with respect
to the existing measurement data.

2. Methods

The MQ approach to classical expression addresses the physical significance of mea-
sure, bounds to measure and those parameters which define the constants and laws
of nature. MQ is characterized by one notable feature. We expand the existing
nomenclature. With MQ, we consider the description of phenomena as a product
of counts nr, nyr, and nr of fundamental measures Iy, my, ty and 6. This last
term represents a momentum as well as an angle. This will be discussed more as
we proceed.

The fundamental measures are similar to Planck’s Units [§], but account for a
length contraction effect associated with discrete measure (Appendix D). And with
these principles, we approach classical descriptions of nature that demonstrate 13
digits of correspondence. There are six papers which demonstrate applications of
the MQ approach [9H14]. That said, the focus of this paper is to address the physical
significance of measure with respect to three frames of reference — the Reference,
Measurement and Target Frames (Appendix K|} — specifically, the observations
presented above.

3. Results

So, where do we begin? To answer this question, we pose a simple query. How
does our existing nomenclature accommodate descriptions of discrete phenomena?
Notably, it does not. Existing classical nomenclature has limited ability, for instance,
to distinguish a geometry from a measurement. Classical nomenclature also cannot
resolve relations such as the count of [; per my at an event horizon. And for
similar reasons, the existing nomenclature is challenged to distinguish properties of
a system (i.e. the universe) from more complex relationships, such as observations of
an expanding universe. Without an accommodating nomenclature, certain questions
are difficult to assess. MQ addresses this shortcoming.

What has been accomplished thus far? There has been some progress with
regards to these needs — mostly a function of work by Planck. Describing discrete
phenomena requires at a minimum, two notions, fundamental measures and counts
of those measures. Planck introduced his notion of fundamental measures in 1899,
today known as Planck’s units. Planck’s units are not understood in the same way
as that resolved with the MQ approach. For one, the Planck units are interpreted
as the smallest measures.

With respect to Planck’s units, we bring to the reader’s attention an important
modification to this interpretation. The notion of smallest measures refers only to
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the Planck length and the Planck time. The Planck mass is, many orders in magni-
tude, larger than all particle phenomena. It is understood or at least expected that
when a person speaks of Planck scale phenomena, they are referring to measures
at or just above the Planck length and the Planck time.

We would be negligent if we gave all the credit to Planck. In 1881, George
Stoney was the first to introduce the notion of fundamental units of measure [15].
He introduced this about two decades prior to Planck. The Stoney units differ from
those of Planck by a scalar but are notably different in physical approach. Planck
took a more general approach describing his measures as a function of G, ¢ and .

With respect to both implementations, neither match the MQ approach. The
existing notion of units is more like a factorization of all remaining nomenclatures,
much like comparing SI units to natural units. Without establishing physical signif-
icance, unit systems are scaling exercises, for which there are several in use today.
The units we propose are not just the smallest units. We show that they are phys-
ically significant, indivisible reference phenomena.

The second component feature which distinguishes the M(Q nomenclature is
a notion of counts. Planck was the first to introduce counting with his energy
expression £ = nhv. Describing the quantized nature of what he termed, a quantum
of electromagnetic action, he introduced the count n into his equation. The term
was intended to describe the discrete behavior of blackbody radiation. But as for
classifying counts associated with length, mass, or time, this was never intended.
And for this reason, the minimum components needed to describe phenomena in
nature never matured.

This brings us to a formal definition of the MQ approach, a physically significant
nomenclature that consists of two classes of terms. Given the notions of length,
mass, and time, we describe phenomena as a function of counts nr, nys, and ny
of fundamental units of measure Iy, my, and ty. Importantly, we do not presume
these terms have physically significant values. Their significance, if any, is resolved
from their application to the expressions for the speed of light, escape velocity and
the uncertainty principle.

So, how do we demonstrate their significance? To date, the most com-
mon approach has focused on direct measurement. Unfortunately, experimental
approaches thus far have fallen short of their calculated value by several orders
in magnitude [16]. We have considered such experiments and recognize that the
Planck units are distinct. That is, they do not share properties and as such a mea-
sure of the three units as a collection — that is the Planck momentum — is as
physically significant as their measure independently. We can predict the value of
such a measure using 2018 CODATA values for guidance.

0s; = ™I _ 396939 kgms~L. (1)

2t
Before carrying out such an experiment, we check the existing literature to see what
has already been done. And notably, we find that this measure has been made,
but only with respect to a radian measure. We would normally disregard such a
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cross-dimensional coincidence if not for additional research whereby we demonstrate
that the angle of polarization and the momentum of the beam are equal in value
at the lower measurement bound. Moreover, both measures can be
made at the same time. We recognize the physics of this relation as a unique prop-
erty of our universe.

First published by Shwartz and Harris in their 2011 paper entitled, Polarization
Entangled Photons at X-Ray Energies [17], several measures are resolved; the value
of 85; being 3.26239 rad +2 prad [I8, [19]. Shwartz and Harris were neither inves-
tigating Planck units nor the relation of measure to other measures. The purpose
of their experiments was to demonstrate that X-rays could be efficiently entan-
gled when aligned in specific Bell states [20, 21]. They approached a description
of the experiment with a distinct combination of Bell state principles implemented
using classical expressions describing electromagnetic phenomena. The expression is
largely incompatible with descriptions resolved using MQ, but nevertheless resolve
the same numerical results. Notably, in 2022, the relation of angle and mass was
mathematically correlated by Chen et al. in their paper entitled, Conserved quanti-
ties in general relativity — the view from null infinity [22], thus providing additional
support for this relation.

We will present several descriptions but begin with a vector approach, which
provides a close bridge between the classical notions of MQ, and the Bell approach
implemented by Shwartz and Harris (Appendix Al).

(nsz cos(0), ngy sin(f)) + (niz cos(), nsy sin(f))
= (npy cos(2m — 0), npy sin(2m — 0)) + G”. (2)
Importantly, 6, = 6; and 6, = 2m — 6. This is to say that this particular measure
reflects a beam of X-rays equal with respect to the angle of polarization for the
signal and the idler such that the momentum of the beam is divided.

With three descriptions of the measure of 6y (i.e. 205 lymys/ty) — the
Bell/vector approach, the momentum approach and the purely vector approach
above — we now ask what has been learned. For instance, have we demonstrated
that measure is discrete or countable? To this, we would say no. Indeed, we have
achieved a measure with six digits of physical significance and yes, we have resolved
supporting measurements that demonstrate a greater understanding of the fun-
damental measures. But we have not demonstrated that measure is discrete or
countable. We have not in any way established that the fundamental measures are
physically significant. And we see no advancement in our position even if the funda-
mental measures (i.e. Planck’s units) could be measured with greater precision as a
collection or independently. For these reasons, we conclude that unit measurements
are not a useful approach in our quest to resolve a physically significant description
of discrete phenomena.

Another solution, we propose, would be to use the MQ nomenclature to solve
for a single solution set of the counts, ny, nas, and np. With that, we would demon-
strate not only what the smallest measures were, but that there were no smaller
measures. And we would be able to use that result to then demonstrate that measure
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is discrete. The correlation between those expressions used to resolve the counts and
the fundamental measures would also establish their physical significance.

We call to the reader’s attention that a unique solution set is not neces-
sarily straight-forward. Take for instance the expression for the speed of light,
¢ =ngly/nrty such that ny, = ny. We could propose that ny, = np = 1, but just as
easily we could propose any factor of that solution. If we then consider the expres-
sion for escape velocity at the event horizon np, > 2ny; (Appendix G)), we extend
our description to m¢, thus revealing that njs is half of whatever value assigned
to ny and ny. Thus, while we can resolve a solution set, we have not resolved a
unique solution set. This is necessary in order to demonstrate discreteness.

With this in mind, we add one more expression, the MQ reduced expression for

Heisenberg’s uncertainty principle [23] as it pertains to the conjugate
pair representing the position and momentum of a particle.

c=mnply/nrty, (3)
nrr > 20, (4)
2nLTnMnL = nr. (5)

We call to the reader’s attention that the uncertainty principle is reduced to an
expression consisting only of count terms. This is a notable advantage of the MQ
approach. Keep in mind, the MQ nomenclature is in itself physically insignificant.
But it does separate the geometry of a phenomenon ny, nys, and np, from the
dimensional measures of that phenomenon, l;, my¢, and t¢. With respect to the
uncertainty principle, there are no measure terms. This is especially insightful in
that we have always interpreted this expression as a description of uncertainty in
measurement. It is difficult to justify such an interpretation with a description that
has no component measures. And that is our point.

The uncertainty principle describes a geometry, specifically a lower count bound
of fundamental measures. Granted, we have not demonstrated that the fundamental
measures are physically significant. So, we will hold this observation until the end.

We would also like to clarify two similar MQ terms, ny, and ny. We could use
a single term instead of two but find MQ descriptions clearer when we distinguish
a description regarding motion from a description regarding gravitational curva-
ture. For this reason, we use the term nr, to describe a count of Iy between an
observable and a center of mass. Conversely, we use the term ny to describe the
change in position of an observable. n;, can also be used to describe the relation of
an observer to an observable.

These expressions can be combined in such a way as to resolve a unique solution
set for the three counts, but there is yet a new problem. And that problem occurred
before the calculation. Where? There exists circular reasoning with the reduction of
these expressions to their component terms. We can demonstrate this by deriving
the relation between Planck’s expressions.

b= (2" )
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W= ()" @

mp = (%)1/2. (8)

We begin with any expression and then seek additional expressions to resolve the
remaining two. Starting with [, and including the expression for the speed of light
ctp, = lp, we resolve the expression for t,. Notably, ¢ is a component term to the
definition of [, and t,, but neither expression is a contributor to the problem we
wish to discuss. The problem occurs when we attempt to resolve the relation of m,
to I, or t,. This requires an expression including G' or some description of gravi-
tational curvature. One example would include the expression for escape velocity
(Appendix G).

To apply the transform and then resolve a solution for m,, the term m, would
have to be a component term of the expression for escape velocity. And that com-
ponent term has to come from G. But how do we resolve the component terms for
G? That is the question which leads to circular thought. To gain some insight to
the problem, we begin by using Planck’s expressions for ¢, and m,, to resolve their
difference.

hG  heG?
o MGG (9)

cb G 8’

2 fie (G 10
My =G\ @2 |- (10)
P
Ignoring those terms immediately to the left and right of the second equality which

are known to be equal by definition of the Planck mass, the remaining terms in the
parenthesis are resolved. We recognize that they must equal the value of one.

G2m2
R A 11
Zroailt (11)
_ 3l
G=c . (12)

With this we resolve the component terms to G. In summary, we take the difference
between ¢, and m, to resolve GG, and then use G' with ¢, to resolve m,. This is
circular. If we take the new position that m, is not resolved as a function of known
physical correlations, we must also agree that we cannot know the component terms
for G nor is there a means to resolve them.

The observation demonstrates that any known classical approach to G as a
function of ¢ and & cannot proceed. The result also calls into question the physical
significance of m,, as a class of measure that should have equal properties to that
of [, and t,. Supporting this interpretation, we readily recognize that m,, is not the
smallest measure.
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We also call to the reader’s attention that the proposed solution for G also
assumes that ny; = 1/2 and with that, all remaining count solutions are built. In
short, the classical approach defines the values we are working to solve.

It follows that we must abandon Planck’s expressions and start anew. We do
so with a deeper investigation of the properties of distance using the Pythagorean
theorem.

(nLalf)2 + (anlf)2 = (nLclf)27 (13)
n%al% + n%bl% = n%cﬂv (14)
n%a + n%b = n%c' (15)

As before we call to the reader’s attention that [y has been canceled out of this
expression. This is to say that the notion of distance is also not a physically sig-
nificant component of this description. Rather, the notion of distance regards a
geometry of counts relatively between physically significant measures of the refer-
ence ly. Admittedly, the distinction can be subtle, but we find it immensely useful
to know whether an expression reflects geometry, or an observed phenomenon is
derived from physical measurement.

We proceed by considering the Pythagorean theorem as would be described

using a right-angle triangle while also considering the MQ definition
of frames of reference (Appendix K)). There are three sides and there are three

frames.

Side a — we designate as our reference count, having a value of one. Side a
describes the Reference Frame and as a reference, side a will always have a count
of one for all considerations of side b, the Measurement Frame. Finally, side c
represents a more precise calculation using those values assigned to sides a and b.

Observe that side c always equals side b plus some fractional count @, less
than one-half. As such and to better conform with the existing naming standards,
we replace the terms ny, and np. with ng, and nyp,.+@r. And with this, we ask
a question. If measure with respect to the internal Measurement Frame is discrete,
then what becomes of Q7

Observer
A

Side a
n,=

C
Target

Sideb n,=1

Fig. 1. Count of I; between an observer and target. Adapted from [9]
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Recall, side c represents the non-discrete Target Frame of the universe in which
phenomena reside, but from the discrete Measurement Frame of (Qp is physically
insignificant. As such, we recognize that @ is lost with each increment np in
elapsed time ¢;. And this loss we recognize as gravitational curvature Qp/ng,.

To transform the expression into SI units, we multiply by {; and then divide by
t2, squared to reflect the accelerative nature of gravitational curvature. This gives
us the expression

Qrly
nLTt?c'

(16)

With this, we also recognize that we have defined curvature relative to the Target
Frame. We will need to apply a transform — also known as a metric differential
— to resolve its Measurement Frame definition. This is accomplished
by multiplying by the rate of expansion ¢ at the leading edge of the system (i.e.
the universe) as defined relative to that leading edge. We then divide by the radial
rate of expansion ; (Appendix A7Z)). After reducing terms, we set the expression

equal to Newton’s expression for gravitational curvature, G/r?.

Qe G (17)

70y r2’

We have used the approximation symbol not because there is a precision issue
with the MQ solution (those terms to the left of the equality), but because New-
ton’s expression (right) does not account for a length contraction effect associated
with discrete measure. We call this effect the Informativity differential 2Qpny,
(Appendix D). This effect is a function of distance (i.e. the count nr,. of If), largest
at quantum distances and decreasing with increasing distance. For this reason,
h is significantly affected when compared with G, for instance when working with
expressions like Planck’s units. The problem is resolved where all terms are resolved
relative to the same frame (i.e. the same count nr,).

When using the MQ nomenclature, we are able to resolve this issue. Specifically,
we do not italicize the term if a term is resolved at the upper count limit. For any
other measure, we italicize the term. Thus, we can write the expression above as

Qrc® _G 7 (18)
rBs; r2
without additional explanation. Because G is italicized, we recognize that its value is
a function of the selected count np, (i.e. r = np,ls) adjusted for the Informativity
differential and that count is the same as that associated with the measure of
the reduced Planck constant. For reference, that is about 84.6005496647(07) ¢
(Appendix AB]), also known as the blackbody demarcation.

While not meant as a diversion from our initial investigation, it is important

to understand the effects of length contraction before presenting a final picture
regarding the properties of measure. For this reason, we will further investigate
published values for G and ki over the last three CODATA publications [IH3].
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We also call to the reader’s attention that the Imformativity differential is physi-
cally distinct from relativity. To be clear, the two phenomena have nothing in com-
mon. Relativity describes the distortion of measure — length, mass, and time —
with respect to an inertial and/or gravitational mass. The Informativity differen-
tial describes the distortion of length as a consequence of the loss of @, with each
increment in elapsed time t;. One might ask, why does this effect not apply to the
remaining dimensions. And to this we remind the reader that @, is resolved as a
function of three-dimensional space. Using the Pythagorean theorem, we need only
two dimensions such that the third is a by-product of the first two. In short, there
is no distortion in the measures of time or mass as both are one-dimensional. This
observation also places new constraints on multidimensional models as any predic-
tion of dimensions in excess of one must also exhibit contraction with respect to
the Measurement Frame. Experimental approaches to a verification of these claims
are to follow shortly.

To begin, we recognize that any solution to a component term in a physically
significant expression should resolve a result that has the same digits as any other
expression consisting of different terms. This is to say that we should be able to use
Planck’s unit expressions for length, mass, and time to solve for the value of G and
that all solutions should be the same. Unfortunately, this is not the case. Regardless
of the publication year considered, results differ in the seventh digit (Table[d). As
our concern is focused on this difference, we will look only at the 2018 publication,
although any publication will show the same discrepancy.

The difference, as some might suspect, is because of the effects described by the
Informativity differential. We can expose that problem by focusing our analysis on
the first two solutions, lines one and two which present solutions to G using I, and t,,.
Notably, both solutions are dependent on ¢ and A, both which are defined with nine
or more digits of physical significance. This leaves I, and t,, which are correlated
by ct, = l,, again with nine digits of physical significance. These observations are
in conflict with our initial observation of variance in the seventh digit. If all terms
are defined with a precision two digits more than the observed variance, then what
has gone wrong with our mathematical equality?

We could take a look at this problem in a slightly different way. Knowing that
something is amiss and having only two measurements — ¢ and /& — we could modify

Table 1. Calculations of G using Planck’s unit expressions.

2010 2014 2018
CODATA® (107" m3kg™1s72) (1071 m3kg™1s72) (1071 m3kg=1s72)
G=12c3/n 6.673845(89) 6.674088(32) 6.674301(29)
G =tic®/h 6.673846(87) 6.674089(29) 6.674302(86)
G = Hic/m? 6.67382(75) 6.674078(07) 6.674300(63)

aPlanck’s Unit expressions are resolved using those values provided in CODATA
publications for 2010, 2014 and 2018 [1H3].
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one or both so as to resolve a final solution. The challenge with this approach is that
the solution appears valid only with respect to the associated np, of that solution.
This would not be known when using a classical approach, but nevertheless has
challenged the CODATA collaboration for more than a decade as there appears to
be no solution that is agreeable to all expressions.

We propose that we use the MQ approach to resolve both G and £ using the
same frame of reference. We can resolve G at a quantum distance that corresponds
with the measure associated with blackbody radiation or we can
resolve T at the upper count limit, the traditional approach to the measure of G.
The latter inherits less questions and as noted we do not italicize h when a term
represents a measure associated with the upper count limit (Appendix TJ).

0,1
h= lim —f

= 204l = 1.05453 10734 Js. 19
e s P f s (19)

With this, we have part of the story. We would also need to know values for the
fundamental measures. While we have not addressed this, they can be derived using
the solution for discrete gravity presented earlier. And with those
results along with the solution for h, we find that all solutions to G using Planck’s
unit expressions are the same, 6.6740779428(56) 10~ m® kg=! s72 to the extent
of precision offered by the component measures.

A second consideration of the effects of length contraction regards experiments
selected to represent a best measure of G and k. Using our knowledge of the Infor-
matwity differential, we find that we can calculate all values assigned by the col-
laboration. That is to say, the selected experiments conform to a macroscopic or
electromagnetic approach to measure and as such values can be resolved either as
a function of ny, at the demarcation associated with electromagnetic phenomena
or near the upper count limit (Table [2]).

Table 2. Matching CODATA values for i, G and the Planck units with MQ calculated values.

G(10~
Year h (10734 Js) 1, (10735 m) t, (107*s) my (1078 kg) m®kg=1s72)
2010°  1.054571726(47) | 1.616199(97) | | 5.39106(32) | | 2.17651(13) | |6.67384(80) |
2014*  1.054571800(13) ' 1.616229(38) fs: 39116(13) | 12.176470(51) | i 6 67408(31) |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

2018* 1.054571817 1.616255(18) 5.391247(60) 2.176434(24) 6.67430(15)

f(1,G)® 1.0545349844(45) 1.6161716871(50)  5.3909684650(90) \2176470o491(26) 6.6738448362(53)

F(h,G" | 1.0545718176(46) || 1.6161999120(35) | | 5.3910626131(72) | | 2.1765085590(91) | | 6.6738448362(53) |

2CODATA publications for 2010, 2014 and 2018 [TH3].

bUsing precise G and F, we account for the Informativity differential at the blackbody demarcation
nr, = 84.6005496647(07) (i.e. italicized), the upper count limit (i.e. limyr,r—00) (not italicized), or a
mix of the two.
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This table is laid out such that the first three lines describe GG and & respective
of each of the last three CODATA publications. The latter four lines are the result
of calculations made using Planck’s unit expressions, a function of G and h at the
upper count limit (i.e. G=c3ts/my, h = 20ls) and G and h at the blackbody demar-
cation (Appendices [Appendix AB] [Appendix T] and [Appendix M)). As well, we
offer three examples, that are associated with blackbody radiation (Appendix AB)),
charge couplings and elementary charge (Appendix AH). In each

case, the first seven digits of the demarcation are the same, 84.60055. The remaining
difference is a function of the phenomenon being measured. Moreover, this is part
of what allows the collaboration to vary & from year to year with minimal effect on
the Planck unit calculations. Given that f is most often measured as a function of
blackbody radiation, we present expressions for G and & respective of the blackbody
demarcation.

05l
h= lim [—f} , (20)
n 1, =84.6005496647(07) QLTLLT
; 3 lf
G = lim 2Qnrc”——|. (21)
n 1, =84.6005496647(07) mpg

We then align solutions for both in the latter four lines, demonstrating a five-
or six-digit correspondence with 9 of the 15 elections offered by the CODATA
collaboration. Two additional results represent variations of A and the remaining
four — in bold — are a function of G to be discussed shortly. Importantly, an
understanding of the Informativity differential is all that is needed to resolve each
value selected in the last three publication years.

With respect to the physical measures of G, GG, h and A, matches exist for all
CODATA elections except the 2018 result for G which then skews the Planck unit
calculations. Matches occur in columns and are identified with differently dashed
lines. Notably, the bolded result for G = 6.67430 1071t m? kg~! s72 is outside
the permitted range associated with length contraction, a function of np, associ-
ated with the phenomenon (6.67384-6.67408) 1011 m?® kg™ s72. So how is this
resolved?

There are several paths that can lead to such a result, most of which regard
a misunderstanding of the Informativity differential. Consider an approach with
respect to the ground state orbital of an atom (Appendix BILJ)). To complete the
calculation, we divide both sides by ¢y and then replace those terms which define
momentum p = lymy/ty.

lymy _ aplome (22)
ty tr
We then solve for ¢;.
pGoMe

t =
! p

(23)

2350069-12



Int. J. Geom. Methods Mod. Phys. 2023.20. Downloaded from www.worldscientific.com

by GERMAN ELECTRON SYNCHROTRON @ HAMBURG on 02/18/23. Re-use and distribution is strictly not permitted, except for Open Access articles.

Measurement quantization

We use the defined value for the speed of light ct; = l¢ to resolve a value for
lr. And with Planck’s expression we resolve a value for my which finally allows
us to calculate G. Granted, this is an exception to the prior argument that my is
uncorrelated to [ and tf. We overlook this fact as the exception is not known in the
existing literature and as such not a contributor to those expressions representing
our current understanding of physical law.

apmMe

ms=a = 2.1765086 - 10~ ®kg. (24)
With this, we bring to the reader’s attention that these calculations may have been
carried out by other collaborators; the relevant inputs being those values used for ¢
and t . Consider a momentum that resolves a value of Iy equal to the 2014 CODATA
value 1.616229(38) 1072° m. With /s establishing the value for ¢s, the researcher
takes these as inputs and must decide from there what value will be used for the
fine structure constant to resolve my. That is, without a thorough understanding
of the prior calculations, the researcher might use Planck’s expression for the fine
structure constant to solve for my = f(a,) = 2.1763929 10~% kg or they might
use the electromagnetic expression as recognized from the previously referenced
CODATA publications to solve for my = f(a.) = 2.176468910° kg [2].

G = f(ap) = — = 6.6743218 10 "'m? kg ' s72 (25)

Sl 3=

G = flae) = — = 6.6740887 - 10" 'm3 kg ™' s72. (26)

The a_ ' = 137.036 approach produces the 2014 CODATA value for GG while the
' = 137.041 approach produces the 2018 CODATA value, the
latter outside of the permitted range for G. And it is this latter approach which
skews the three Planck unit calculations bolded in Table 21 Notably, the o, result
matches the CODATA to one part in the sixth digit, the total of significant digits
offered (i.e. a 0.00001(15) difference). The magnitude of this difference also matches
our calculation, as we have resolved this result at the upper limit rather than a count
nr, of [y appropriate to an ordinary laboratory measurement. In other words, there
is no difference.

Finally, we bring to the reader’s attention that the skew in G is symmetric. If
we take the average of the 2010 and 2018 elected values for G, we find the result
equal to the 2014 election.

(6.67384(80) +6.67430(15)
2

= 6.67407(48)) 107 mP kgt s 72, (27)

We bring all these results to the reader’s attention not because of the physical sup-
port for understanding the effects of the Informativity differential, but to demon-
strate the simplicity of this effect and how accounting for it resolves the challenges
put forth before the CODATA collaboration. The results are not as coinciden-
tal as they may seem at first sight. As noted earlier, experiments take one of
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two forms, either a function of the demarcation count or the upper count limit,
measurements and phenomena associated with different distances. For this reason,
resolving CODATA selections is a straight-forward exercise of combining different
distance measurements of G and % in combinations consistent with the reference
experiments.

With this grounding, we can turn our attention back to the initial discussion,
a unique solution set to counts of the fundamental measures. As noted early on,
we observed a problem with circular reasoning when using Planck’s unit expres-
sions. With this we developed a new approach to gravitational curvature, a discrete
description of gravity (Appendix C)). Using discrete gravity, we can now resolve a

new solution to the gravitational constant (Appendix F)). The final expression is
the same, but the solution is now resolved without use of Planck’s unit expressions.

As such, we avoid the circular reasoning previously mentioned. In the same way, we
can also use the expression for discrete gravity to resolve a fundamental solution
for escape velocity (Appendix H). As before, the result expression is the same, but
the solution is independent of Planck’s expressions.

With these, we can then use the expressions for the speed of light, escape veloc-
ity and the uncertainty principle to find a solution set for the counts (Appendix I)).
This is resolved to find that n, = ny = 1 and np; = 1/2. This solution estab-
lishes that these are the smallest counts of the fundamental measures and that any
other count must be a multiple of these counts. We can extend these requirements
to the remainder of the measurement domain to show that measure is discrete
(Appendix J|). This is essential to complete a description of the fundamental mea-
sures as physically significant references with respect to Measurement Frame.

With this observation, we then recognize that the Target Frame of the universe
has no external reference. For this reason, the Target Frame must be non-discrete
and can be mathematically described as shown with a right-angle triangle in the
derivation of discrete gravity. This is to say that phenomena are measured discretely
with respect to the Measurement Frame but reside non-discretely with respect to
the Target Frame. The difference between these frames is what allows us to resolve
expressions and values for the physical constants [14], for instance, the value for G
as we have just presented above.

Using the expression for discrete gravity we can then resolve the simplest relation
between the fundamental measures [ymy = 20,;tr. We call this the fundamental
ezpression (Appendix V]). And we can also use discrete gravity to solve for the values
associated with each of the fundamental measures (Appendix W]). A comparison

of the fundamental measures with the Planck unit expressions reveal that they

differ by the Informativity differential, as expected (Appendix X)). Likewise, if we

compare Newton’s expression for gravitational curvature with that of MQ, again we

find that they differ by the Informativity differential (Appendix Y]). On all counts,
MQ descriptions match with the experiment and provide a consistent description
of nature.

2350069-14



Int. J. Geom. Methods Mod. Phys. 2023.20. Downloaded from www.worldscientific.com

by GERMAN ELECTRON SYNCHROTRON @ HAMBURG on 02/18/23. Re-use and distribution is strictly not permitted, except for Open Access articles.

Measurement quantization

We can also return to our initial discussion regarding #,; and the units asso-
ciated with this measure. As noted early on, with respect to the Shwartz and
Harris Bell state model, they offer a description of 6y in terms of a Bell state
nomenclature. We offer the classical form of this measure as half of the Planck
momentum (Appendix Q). We also offer a vector description reflecting those exper-
iments carried out by Shwartz et al. (Appendix A]). And we offer an electromagnetic
version (Appendix P)), that being a classical version translated with Planck’s expres-
sion for length to describe 6g; as a function of the reduced Planck constant. With
respect to all these descriptions, each is resolved as a function of the Measurement
Frame. But what about the Target Frame?

A Target Frame description of #,; cannot have a unit-based description because,
as we have observed, the universe has no external reference. Without an external
reference, there can be no physically significant reference to serve as a source def-
inition for the three dimensions. It follows that descriptions resolved with respect
to the Target Frame are dimensionless. One example of this is the unity expres-
sion (Appendix AA)), an expression which describes the relation of ,; to the count
change ny, (i.e. expansion of the universe) at the first increment ¢; of the expan-
sionary epoch.

2/3 2
1 ) ny
+ —= =1. (28)
(2951 n%c

A unity expression can be any Pythagorean expression equal to one, but we single
out this expression in that it correlates the fundamental measures directly to the
radial rate of universal ezpansion (Appendix AZ]). The term ny, is a description of
an increasing count of [y along the radius of the universe. The term nz. describes the
count of [ associated with the motion of light in vacuum. Both are non-dimensional
scalars, such that 26,; must also be non-dimensional. This was expected, in that
the expression is defined with respect to the Target Frame. Notably, the expression
also takes the form of the Pythagorean theorem with a cube root added to the first
term, one root for each of the three spatial dimensions. Recall, 20,; = lymy/t;.
And with this we have presented several descriptions showing #,; as having units
of radians, momentum, or no units at all. But in each case, the value is the same
(Appendix S| [Appendix ADJ). And it is for this reason we use the term 6, for all
situations, not because a radian measure is appropriate, but to call attention to the

unique characteristics associated with this term.

To conclude this portion of the presentation, we offer a derivation of the fine
structure constant (Appendix AA]). The derivation offers us the opportunity to
tie together all the disciplines offered thus far into a single calculation with 12
digits of precision and having two classical expressions with which to compare
those calculations. The solutions demonstrate application of the metric differential
(Appendix T]) needed to transform a Target Frame expression to the Measure-
ment Frame and an accounting of the length contraction effects described by the
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Informativity differential. The calculation follows an approach used repeatedly for
the derivation of nearly all the physical constants in nature.

So as to provide some overview before beginning, we briefly describe the pro-
cess. First, we resolve a local measurement, what is called a demarcation. Demarca-
tions are solutions to the count ny, associated with the measure of a phenomenon.
We can offer three examples, the blackbody demarcation (Appendix AB)), the
charge coupling demarcation and the elementary charge demar-

cation (Appendix AH]). When comparing demarcations, we find that the first seven
digits are the same, 84.60055. If we only desire seven or less digits of physical
significance, we can use any phenomenon to resolve a demarcation.

With the demarcation we then use the fundamental expression to resolve the
corresponding count ng of #,; in the Target Frame for a demarcation count np, of
s with respect to the Measurement Frame. This count represents the count of 6;
associated with the fundamental form of the inverse fine structure constant a;l.
Notably, we consider this expression as our starting point. With this, we then apply
the metric differential to resolve the Planck-like form o, 1. This name reflects that
comparison with any Planck expression will yield a precise match, to the extent
permitted by the physical significance of the least precise measure. And finally, we
apply the Informativity differential to resolve the classical form of the expression
az!, what is measured in the laboratory.

With this outline, we begin with the fundamental expression (Appendix V).

(np)l fT—ff = (2n9)04i- (29)

This tells us that the corresponding count ng will be half of the demarcation count
nr measured locally. We then use the blackbody demarcation to resolve the count
ng with respect to the Target Frame.

ng = RND(n,/2) = RND(84.6005496647(07)/2) = 42. (30)

And this gives us the inverse fine structure constant in its fundamental form
(Table B]). You can see this result listed in the first column of the table (Table [).
Moving forward, we apply a transform to resolve the Measurement Frame solu-
tion. We call this transform the metric differential (Appendix T)). It takes a different
form depending on the units associated with the expression being transformed. For

Table 3. Fundamental, Planck-like and classical solutions to the inverse fine
structure constant.

Measure a;l =420; a;l = meag/myly a;t =4neghic/e?
CODATA® — 137. 04078552(97) 137.035999084(21)
MQ(«) 137.020392764(84) 137.040785529(68) 137.035999083(49)
S&H 137.02039 137.04078 137.03600
Difference — 0.00000000(00) 0.000000000(72)

22018 CODATA publication [3].
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instance, the metric differential associated with gravitational curvature is ¢/6s;.
Notably, this can be reduced to 2/my or half of my as in nas = 1/2. The transform
for elementary charge is complex requiring a great deal more calculation than what
is already associated with the fine structure constant. And the metric differential
for the fine structure constant, being a non-dimensional quality is the simplest of
all. It is the product 426,; minus the whole-unit portion of the same product. Thus,
the Planck-like form of the fine structure constant is (Appendix AA)

Qn, = 420,; — RND(426,,), (31)
041?1 = a;l + Qns =420, + (42951' - RND(42951)), (32)
oyt = 846,; — RND(426,;) = 137.041. (33)

Lastly, we apply the Informativity differential 2Qnr,. This gives us the classical
form a_ ! of the expression (Appendix AA)), what is measured in the laboratory.

as' =2Qrnr, (840, — RND(420,;)) = 137.036. (34)

If we then compare these results to the CODATA [2], we find no difference. It should
be noted that the comparison is based on an initial measure of 8, by Shwartz
and Harris, which is constrained to six digits of physical significance. We are, of
course, motivated to find a solution having greater precision, given that most elec-
tromagnetic phenomena are known to 14 digits of physical significance. Using an

nr, approximated by the blackbody demarcation (Appendix AB]), we can achieve a

measure of the fine structure constant and
]. 951' 051’

200 = .
“ nLrasi (931 + (nLresi)Q)l/Q - nLresi (84051 - RND<42051)) (35)

Is this physically circular? No, provided you do not use the same source measure.
For instance, we use Planck’s expression for the ground state orbital of an atom
to resolve a calculated value for a and then use that to resolve
0si. Planck’s expression is a function of the measures for electron mass, ground
state orbital distance and the speed of light, the latter which is defined. This is
then compared with the 2018 CODATA value for o which is calculated based on
source measures for elementary charge, the electric and reduced Planck constants,
and the speed of light. Thus, we use one set of distinct source measures to predict
the calculated value resolved using a different set of source measures, thus avoiding
overlap of the source with the prediction.

A second potential conflict regards the source measure used to resolve ny,, the
demarcation associated with a phenomenon. We avoid this by using the demarcation
associated with blackbody radiation as an approximation to that for «. In that the
nr, for a is resolved with the expression ny,.0s; = 276, its use would return the value
for 0,; thus effecting circular reasoning. For now, the demarcation approximation
is sufficient, but over time new methods should be developed for the measure of
demarcations therein improving this calculation.
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For simplicity, we could just use the Shwartz and Harris results for our source
data. Or we could use studies based on charge couplings. Regardless of the selected
method, the conclusions are the same. We demonstrate an M(Q calculation with no
difference when compared to unrelated measurement phenomena.

A final consideration often used when using MQ to resolve descriptions of phe-
nomena regards scaling operations. Specifically, the fundamental expression is scaled
from the quantum to the cosmological thus correlating these two domains. But is
this scaling physically significant? For one, scaling fixes the rate of expansion as
a constant, such that the radial rate of universal expansion is 6. Scaling also
implies that the universe is flat, a perfect balance such that its rate of expansion
corresponds to its critical density. All of these points-of-view are intensely debated
perspectives which come implicit to scaling. We begin by demonstrating the math-
ematical implementation of scaling.

lymy = 204t (36)

nrlpnymy = 205npty, (37)
(notpnple)lymy = 205t r(nrtnply), (38)
(natyms (ME) 26,0ty (39)

Such that the diameter of the universe is Dy = nr,l¢ and the age of the universe
is Ay = nqyty, then

A
DUmf < UC) =20,Ap. (40)
Dy
Such that
204 A 204t 20,
e L (41)
Dy ly ng ¢ nL nr
(aun 1
R - =1. 42
e = ™ (42)
And finally
Dy = 204,Ay = 23.2623913.794 = 90.003 gly, (43)
D 90.003
my v =2.1764- 10 Skg. (44)

T Apc  13.794299792458

With MQ there are some notable paradoxes that are difficult to avoid — specifi-
cally, ¢ = nply/nrty — such that [y and t; are physically significant references,
scaling of ny, and/or np is applied such that n;, = np. The argument for a break
down in scaling is an argument against an “observed” speed of light for all domain
considerations. Not only is this problematic, but arguments for differences invite
the obvious dilemma of where such domains should end, and new domains should
begin. What are the physical circumstances of these domain boundaries? MQ does
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Table 4. Tests extending the fundamental expression across the measurement domain.

Target frame variances from local measurement

Variances Variance Test Target Measured Difference
Mo s A0t /nily 1.50160 10°° kg 1.50149 10°° £ 2.910%° kg® 0.00011 10°° kg
= f(nrly)
Mayis Myis = QuisnruMaer 1.4794 10°% kg (1.48 £ 0.01) 10°3 kgP 0.00 10°3 kg
= f(nru)
Toms ((namyg)gec®/4oVye)t/* 272553 K 2.72548 4+ 0.00057 K* 0.00005 K
= f(nmmy
Quis Quis = 2/05: (0%, +2) 4.8488348953% 4.97 + 0.82%¢ 0.12%
= f(0s4)

2A consolidate study of CMB temperature measurements prior to 2009 [24].
P Astrophysical constants [25].
©2018 Planck Collaboration Results [26].

not suggest a change in the relation of measures with respect to differently consid-
ered scales. It follows, such that the observed speed of light is constant regardless
of its scope of measurement, then the universe must be flat.

To approach this from a physical perspective, we need a phenomenon that occurs
on a cosmological scale, can be measured in the local environment, and ideally
formed in the earliest epoch. Measurements of the CMB meet all of these criteria
and offer us the opportunity to compare the theoretical calculations of MQ across
both epoch and measurement domains. Specifically, MQ predicts that the CMB is
the result of universal mass accretion during the quantum epoch (Appendix BE]).
Given the fixed period of elapsed time associated with this epoch

and the fixed rate of accretion, we can resolve the total associated energy of the
CMB (Appendix BH]). We then use the measured age of the universe to resolve the
present-day density and temperature and compare that with local measurements
made in the present epoch, thus cross comparing both epoch and measurement
domains. Such that the MQ calculations of CMB formation during the quantum
epoch match the local measurements during the expansionary epoch, we resolve the
correlation in the “difference” column of Table [l

As expected, there is no physically significant difference outside the noted pre-
cision associated with each measure. Moreover, any differences resolved moving
forward, we predict, will remain within the precision error of the measurement.
Why can we make this prediction? Because any deviation from a scaling of the fun-
damental expression opens the door to significant failures of well-tested phenomena,
such as the speed of light in a vacuum.

4. Discussion

With this, we have completed a solution that ties together many concepts in a single
result. Some may wonder why such a foreign series of calculations would produce
correspondence. We would ask a more fundamental question. Where is classical
mechanics less precise?

This completes a high-level review of the foundational components of MQ.
Importantly, MQ is an approach, not a new form of physics, not new axioms, or
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new ideas outside those principles consistent with classical theory. We expand our
existing nomenclature merely to see if something new can be learned. And with
that expansion new observations are made.

Appendix A. Angular Description of 0g;

Consider a beam of X-rays such that the signal and idler are equal.

6 = arccos (L) , (A1)
Npa

Nsx + Nig —

6 = arcsin <L> , (A.2)

Ny + Ny + Npy

(c08(6) (s + iz — 1), SIN(B) (i) + My + 1)) = G, (A.3)

(Nsz c08(0) + iz cO8(0) — e cO8(0), 14y si0(6)
+ Ny sin(f) 4 nyy sin(0)) = G, (A.4)

(nsz €08(6), gy sin(6)) + (nig cos(), iy sin(6))
— (npa c08(0), —npy sin(6)) = G, (A.5)

(nsz €08(6), gy sin(6)) + (nig cos(8), niy sin(6))
— (npa c08(0), —npy sin(6)) = G, (A.6)

(nsz €08(6), gy sin(6)) + (nig cos(8), iy sin(6))
= (npa cos(2m — ), npy sin(27 — 0)) + G. (A7)

Thus, 0, = 0; and 0, = 27 — 0 and half the Planck momentum are equal in value

l
0y = “LITMIN 3 96939 kgms L. (A.8)
2nrty
One solution is
(definition ¢ = nilf/nrty) np=np =1, (A.9)
N = 1/2. (A.10)

Table presents the Shwartz and Harris model describing their measurements.

Table A.1. Shwartz and Harris model of radian measures of
the k vectors of the pump, signal and idler for maximally
entangled Bell state at the degenerate Adapted from [17].

Bell State 0p 05 0;

(|Hs, Vi > +|Vs, H; >)/y/2  0.1208  —0.1208  —0.1208
3.02079  3.26239  3.26239
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Appendix B. Heisenberg’s Uncertainty Principle

Although the expression for variance is usually written to describe the certain prop-
erties of many targets, we modify this usage to describe the certain properties of
many measurements whereby the measurement is uncertain.

ichG 12

2 2
%2m
h=clymy =17, (B.2)
ty
h
oxop Z 5, (B3)
S (XX [SX (A -P)? _h
7 1 = - (B 4)
N N 2
2
nLlf h
)2 = — B
(nartg Py (maams 222 ) =5, (85)
nrly l?mf
rl = B.6
(nrely) (anf nth) 20, (B.6)
2”LrnMnL =nr. (B7)
Appendix C. Discrete Gravity
l
o ©1)
Lr f
Quly (¢ Qi  Qrly* Qe
NER - e (€2)
nLrtf Gsi nLrtfesi nLrlftfesi Tesi
QLCS G
= C.3
r0g; r2 (C3)
Observer
A
\/4142

n;, Side ¢

N

Sideb n;=1

Target

Fig. C.1. Count of Iy between an observer and target. Adapted from [9]
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Appendix D. Length Contraction (Informativity Differential)
a® 4+ b* =, (D.1)
12 + n%b = n%c. (D.2)

Such that np, = 1, nrpy = nr. by definition, we replace nrp with ng, and nr. =
nrr + Q. Qr is always the remainder of a more precise calculation f(b).

1* +ni, = (nor + Qr)?, (D.3)

Qr+nrr =1/1+n7 , (D.4)
Qr=1\/1+n7, —np,, (D.5)
Qrnir =nrr(\/14+n3  —np,). (D.6)

2Qrnr, is the Informativity differential. Alternatively,

QL-F’N,LT:\/l—f—TL%T, (D7)

Q1 +2Quni, +ni, =1+n,, (D.8)
Q1 +2Qrnr, =1, (D.9)
2 1
5+ QunLy = 3, (D.10)
QL(Qr +2nr,) = 1. (D.11)
Such that Q2 /2 approaches 0 as np, — oo then
1
ohm  Qrnie = 3. (D.12)

Appendix E. Classical Solution to the Gravitational Constant

o= els (E.1)
nrty
1/2 1/2
Ve = <2GM) = (72Ganf) . (E.2)
T nrly

Such that ny, = npy = 1 (Eq. (A9)) and ny = 1/2 (Eq. (AI0)), or any factor of
these values, then

nil3 _ 2Gnymy

= E.3

n%t? nrly (E-3)

0L B S AN TS (E.4)
mfn%t? t? myg ty myg ’ '
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Appendix F. Discrete Solution to the Gravitational Constant

Such that half the Planck momentum is defined as p = Iymy/2t; and where this
momentum p and angular measure #,; are shown to be equal in value using the
Shwartz and Harris experiments measure of 8 for the signal and idler of polarization
entangled photons at the degenerate frequency, we use the expression for discrete

gravity and reduce. This is accomplished where Qrnr, = 1/2 at the

upper count limit, Eq. (D.12).
2ty

Qrre®  Qrnpylyc 3
= = l
Gsi 98i QL”LT fC lfmf )

(2 ()

Appendix G. Escape Velocity as a Function of Classical G

2GM\ /2
Ve = < ) )
'

G:

Appendix H. Escape Velocity as a Function of Discrete G
2G M\ /2
Ve = ( ) )
r

9 3 6., 1/2 9 o 1/2
. <_QLTC nap ) S ( nuyc ) 7

r Oy Qrnrrc Ny

Ny > 2npy.

Appendix I. Solving the Minimum Measure Counts

(F.1)

(F.2)

(H.2)

(H.3)

Such that nz, = 2nas at the bound, ny, = ny from ¢ = nply/nrty and 2np,nyng =

nr (Eq. (B), then

2nprnpmng = nr,

2nLrnM = ].,

2(2nM)nM = 1,
1

2 — —

7’LM — 4,

1
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Such that np; = 1/2 and Eq. (B7), then
1
2“Lr§nL =nr,

nr
nr

nrr = =1

)

nLr =ng =np = 1.

Appendix J. Discreteness of Measure

Not measurable

52515 — 5.001; = 0.251;.

Not measurable

10.250 — 5.001; = 5.251,
5.251; — 5.001; = 0.25l;.

Measurable

10.001; — 5.000; = 5.001 .

Appendix K. Measurement Frameworks

The three frameworks are as follows:

Reference Framework — This is the framework of the observer where properties
of the reference AB are observed. With respect to the standard understanding,
this framework differs only in that measure is a count function of discrete length

measures equal to one.

Ay Observer

B Target C

Fig. K.1. Count of distance measures along AC
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Measurement Framework — This framework shares properties with the Refer-
ence Framework. It is characterized as some known count of the reference describing
where count properties of the reference BC are observed.

Target Framework — This framework is characterized by the property of mea-
sure of non-discreteness, that being the framework of the universe that contains the
phenomenon AC.

Appendix L. Precise Description of h
Consider the Planck Length

& h
=~ 5. (L.1)
G
Using G = ¢*t¢/my (Eq. (E2)), then
QLCB G
~ — L.2
704, r2’ (L-2)
e t
M ~ CS_f’ (L3)
951' mpg
m
Osi = Qrnrly (t—f> ; (L.4)
f
3

¢ h h
Osi = Qrnrrly <5) =Qrnrrly (ﬁ) = QLNLT? (L.5)
f

04l
= st (L.6)
QLnLr
. 6’silf —34
h= lim ——— =204l =1.0545310"""Js. (L.7)
nLr—00 QLnpy
Appendix M. Precise Description of G
Using discrete gravity (Eq. (C3]), then
3G
Qe & (M.1)
70s; r?
l 3
G = Yenolie (M.2)
051’
Table L.1. Difference between h and & relative to limy . —84.600549677554 f (11).
84.60051 ¢ 2001 500 I 1,0001 ¢ 10,000 I 13.794 Gly

Dif 6.159910~19% 2.86768 10~°% 3.39266 10~ °% 3.46766 10~°5% 3.4924010~°% 3.4926510~°%
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Table M.1. Difference between Qr.c3/rfy; and G/r? with respect to limy, 100 f(G).

84.6005( ¢ 500 Iy 10,0001 ¢ ay 1m 13.794 Gly

Difference  3.49 1075% 1.00 10-% 2.51079% 0.010-30® 0.010—3%  0.010—30b

2Describes the distance associated with the ground state orbital of an atom.
bExceeds the physical significance of the source measures.

t
G= 2QLnch3m—J;, (M.3)

t t
G= lim 2Qun—L =A—L =6671408-107" " m3kg 's72.  (M.4)

M Lr—>00 mpg myg

Appendix N. Solutions to G Using the CODATA

Using Planck’s Unit expressions solved for G, we consider CODATA values from
2010 to 2018.

Notably, the geometry associated with the Informativity differential is easily
exposed at the mid-point of the 2010 and 2018 results for G, giving us the 2014
selection.

6.6743015- 10~ + 6.6738480 - 101!
2

=6.67407(48) - 10" M m® kg 's72
(N.1)

Gavg =

Table N.1. Calculations of G using Planck’s unit expressions.

2010 2014 2018
CODATA® (107" m3 kg™' s72) (107" m3 kg='s72) (107 m3 kg=! s72)
G =123/h 6.673845(89) 6.674088(32) 6.674301(29)
G=2c5/h 6.673846(87) 6.674089(29) 6.674302(86)
G = he/m? 6.67382(75) 6.674078(07) 6.674300(63)

2Planck’s Unit expressions are resolved using those values provided in CODATA pub-
lications for 2010, 2014 and 2018 [IH3].

Table N.2. Matching CODATA values for h, G and the Planck units with MQ calculated values.

(10 —11
Year T (10734 Js) lp, (10735 m) t, (107%s) my (1078 kg) Gmikg=1s7?)
2010*  1.054571726(47) 1.616199(97) 5.39106(32) 2.17651(13) 6.67384(80)
2014*  1.054571800(13) 1.616229(38) 5.39116(13) 2.176470(51) 6.67408(31)
2018*  1.054571817 1.616255(18)  5.391247(60)  2.176434(24)  6.67430(15)

f(n, G’)b 1.0545349844(45) 1.6161716871(50) 5.3909684650(90) 2.1764705491(26) 6.6738448362(53)
f(h,G)" 1.0545349844(45) 1.6161999120(35) 5.3910626131(72) 2.1764325398(24) 6.6740779428(56)
f(h,G)" 1.0545718176(46) 1.6162281374(12) 5.3911567628(97) 2.1764705491(26) 6.6740779428(56)
f(n, G)b 1.0545718176(46) 1.6161999120(35) 5.3910626131(72) 2.1765085590(91) 6.6738448362(53)
2CODATA publications for 2010, 2014 and 2018 [IH3].

bUsing precise G and 1, we account for the Informativity differential at the blackbody demarcation
nr, = 84.6005496647(07) (i.e. italicized), the upper count limit (i.e. limy ., 00) (not italicized),
or a mix of the two.
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Appendix O. Bounds to Measure
Such that ¢ = I/ty = 2.9979245810% m s~ ! and such that n;, = ny = 2nuy

(Eq. (G3), then
np = 2.99792458 - 10%/1; = 1.8549218804(41) - 10*3 unitss~'. (0.1)
nyr = 4.037112339423(07) - 10%5 /m; = 1.8549218804(41) - 10*3 unitss~*.  (0.2)
nr = 1/t; = 1.8549218804(41) - 10** unitss ™. (0.3)

Count per second describes the length frequency, the mass frequency, and the Planck
frequency. The bound to the mass-to-length frequency is (Eq. (G.3)

oM l. (0.4)

Nrqr 2

Notably, 2nys/nr, equals v2/c?.

Appendix P. Electromagnetic Description of 0g;

Such that fs; = Qrrc® /G, (Eq. (C3)), Planck’s expression for length (¢®/G)=(h/1%)
and limy,r,—0o(Qrnr,y) = 1/2 (Eq. (D12), then the electromagnetic description
of 0 is

red c? Al hi h
Oy = QLT = (E) Qrnpels = Eif = F?f e 3.26239kgms 1. (P.1)
7

Appendix Q. Momentum Description of 0g;

Such that 05, = Qrrc*/G, (Eq. [C3), G=(ls/ts)3(ts/mys) (Eq. (E2)) and
limy,rr—oo(Qrnry) = 1/2 (Eq. (0.12), then the momentum description of 6 is

rc? c? lrc3 lrm
0y = QLG = <5) Qunp.ly = g—G = J;Tff =3.26239kgms™ . (Q.1)

Table P.1. MQ predicted radian measures of the k vectors of the pump, signal, and idler for the
maximally entangled Bell state of X-rays at the degenerate frequency.®

Angle Op Pump (radians) 0s Signal (radians) 0; Idler (radians)

™ — Oax (B/217) — 7 01207976503 71— (h/2l;) —0.1207976503 71— (1i/2l;) —0.1207976503
(35) (35) (35)

Oviax  2m— (W/20;) 3.0207950032  (h/2l;)  3.2623903039  (/2l;)  3.2623903039
(55) (25) (25)

aCorresponds to measurements by Shwartz et al. [I7HI9].
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Table Q.1. MQ predicted radian measures of the k vectors of the pump, signal, and idler for the
maximally entangled Bell state of X-rays at the degenerate frequency.®

Angle 0p Pump (radians) 05 Signal (radians) 0; Idler (radians)

T — Omax (1;¢°/2G)—m  0.1207976503 = — (I;c°/2G) —0.1207976503 = — (I7¢°/2G) —0.1207976503
(35) (35) (35)

Onax om — (I;¢3/2G)  3.0207950032  (I;¢3/2G)  3.2623903039  (I;¢®/2G)  3.2623903039
(55) (25) (25)

aCorresponds to measurements by Shwartz et al. [I7HI9].

Appendix R. Angular Interpretation of h

L=rb=1; (E) _h (R.1)

20 ) " 2
h .
6 = — = 3.26239 radians, (R.2)
2,
Qrrcd A e
0. = = Qunply = =1L R.3
G ~9mlig=57g (8-3)
Iy <c3) (1) &
Osi=> = )=2|3]|=5 (R 4)
2\G) " 2\5) "2
0s; = 6 = 3.26239 radians. (R.5)

Appendix S. Correlating Angular Measure and Momentum at the
Bound

Angular interpretation of h.

I
0 = — = 3.26239 radians. (S8.1)
215
/2 meters
esi
- 7T o —

Fig. R.1. Arc length of a circle of radius Iy subtending angle 6 radians. Adapted from [9]
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Table S.1. Measures of 0g; at the Planck scale.

Dimension Expression Results Units

Angle (nse cos(0), nsy sin(0)) 3.26239 + 0.000002*  rad
+ (njz cos(), niy sin(h))
= (npz cos(2m — 0),
npy sin(2w — 0)) + G

Momentum 0si = ’gtL;f 3.26239030392(48)° kg m/s

Non-dimensional ~ ((55—)%/%)? + (GE)?=1 3.26239030392(48) —

2fs; can be measured as the polarization angle of quantum entangled X-rays at
the degenerate frequency [I7HI9] or calculated as a function of the fine structure
constant. With respect to the Target Frame 65; is non-dimensional.

PCalculated as a function of the 2018 value for the fine structure constant. [3]

Using discrete gravity to resolve momentum with respect to the Measurement

Frame.
Qi G
er =2 (5.2)
~Qure® A g
= a —QLnLrlfG = 9 G. (83)

Such that G=c*t/m; (Appendic F), {ym; = 2.t and i = 26,

(above), then
lf C3 mpg 2lf mpg lf
_ (e —2J (2L e 4
p 2 (1) (Cgtf) 4 ty lf ’ <S )

21 l h
2ly 2t 2y

Comparing results such that each equals i/(2l), then

fradians = pkgms~ . (S.6)

Appendix T. Metric Differential

1. Gravitational Curvature: ¢/0s; = my/2

Qrly

) T.1
o (r1)
e

— |, T.2
nLrt?f Gsi ( )
Qrc® G
—rg -= (T.3)
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2. Fine Structure Constant: 42605, —RND(426;)

a;l =420, (T.4)
a,t =a; " + Qno = 420,; + (4260, — RND(426,,)), (T.5)
oy ' = 846,; — RND(426;). (T.6)

3. Elementary Charge: 4165;/RND(416;)

1
= ——1:? T.7
er 4(951 — 1) e ( )
(Tlg — 1)951
= T.8
"1 RND((ng — 1)fa)’ (T8)
ep = T'qa1€f. (T.9)
4. Scalar Counts of the Fundamental Measures 0g; and Iy : 1/2
ng = RND(ng,/2). (T.10)
5. Orbital Star Velocities: 0,;
Upe = Cy/2my. (T.11)
vp = Osicq/2my. (T.12)
6. Observational Domains: 6;
-\ 2/
Apaif = (T) . (T.13)

Notably, all dimensional transforms reflect a multiple of kilograms while the
expression for orbital velocity has my, meant to be a non-dimensional count.

Table T.1. Unit analysis of the metric differential between the Target and Measurement Frames.®

Dimension Target Frame Measurement Frame Dif  Metric Differential
Gravitation m s~ 2 kg m s—2 kg my /2

Fine Structure non-dimensional non-dimensional — 4265,-RND(4265;)
Elementary Charge m3 72 C (kg m? s72)b kg  4105;/RND(4160;)
Counts ng to np, non-dimensional non-dimensional — ng =RND(nr/2)
Orbital Velocity ms ! m st — Osi
Observational Domains  non-dimensional non-dimensional — (7/6:)3/3

20s; can be measured as the polarization angle of quantum entangled X-rays at the degenerate
frequency [I7HI9] or calculated as a function of the fine structure constant. With respect to the
Target Frame, 65; is non-dimensional.

PThe square of the Coulomb is measured in esu.
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Appendix U. The Metric Offset

(ng - 1)951'
_ 1
’f‘q RND((TLQ — 1)051)7 (U )
(42— 1)6, Mhsi ) 998194048216, (U.2)

"" T RND((42— 1)f,;)  RND(410y,)

Appendix V. Fundamental Expression

Such that half the Planck momentum is defined as p = Iymy/ty and where this
momentum p and angular measure 6;; are shown to be equal in value using the
Shwartz and Harris experiments measure of  for the signal and idler of polarization
entangled photons at the degenerate frequency, we use the expression for discrete

gravity (Appendix C)) and reduce. This is accomplished where Qpnr, = 1/2 at the
upper count limit, Eq. (D12).
2t

Qrre®  Qrnplgc® 3 2tf
= = = N : 1
G 0. 0. Qrnrrlsc Irm; (V.1)
1\ /[t
G = (—f> (—f) (V.2)
ty my
Then,
9.:Qm’03:l_f§:l_f£ my\ L (ms (V.3)
* G 2G 21 \cy 2 \ ty )’ '
lfmf = 295itf. (V.4)

This is physically confirmed by the count solution (Appendix I)) using Heisen-
berg’s uncertainty principle such that ny; = 1/2, np, = nyp = 1.

Appendix W. Fundamental Measures

-5 W)
Using G and ¢ from the 2014 CODATA [2].
S
ty = %f = 2(:;?“' = 26'6233;32;5’)'36239 = 5.3910610"*s,  (W.4)
my = 296 = tfg = % = 21764310 S kg. (W.5)
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Appendix X. Correlating the Planck Units with the Fundamental

Measures
2G6393i - (Z_3G>1/2 (m), (X.1)
0 (%) ) (x2
Wi o (%>/ (k). (X.3)

Such that h ~ 04lf/Qrnr, and G ~ 2Qrnr.c3ty/mys, we can validate the
correlation.

2G0,  (hG\'?
= ~ (c_3) , (X.4)
462,
h~ i G, (X.5)
051lf 492 3 tf
2 59 rCo—, X.6
O~ @ QrLnrrc " (X.6)
t
esilf ~ 89§i_f(QLnLT)27 (X7)
mg
Lymy = 205t 1(2Q 0Ly )?, (X.8)
) 1
nLlilgoo(QLnLr) = 5 (Xg)
Appendix Y. Correlating the Newton and MQ Expressions for
Gravitational Curvature
QLCS G
N — Y.1
05 r2’ (Y:1)
1 ¢
RIS L, (Y.2)
951‘ nLTlf myg
1 ty 1
r " Ug——— = 7, Y.3
Qrnr L m; 2 (Y.3)
li _ ! Y4
odim (Qrner) = 5 (Y.4)
Appendix Z. Energy Relation of Baryonic and Electromagnetic
Phenomena
l 951’
h= lim L2 =26, (Z.1)

npr—o0 QLN

2350069-32



Int. J. Geom. Methods Mod. Phys. 2023.20. Downloaded from www.worldscientific.com

by GERMAN ELECTRON SYNCHROTRON @ HAMBURG on 02/18/23. Re-use and distribution is strictly not permitted, except for Open Access articles.

2, _ O

Measurement quantization

= = Z-2
" c Qrnr,c’ (22)
0si Osic
Enm=mc®=n <$>C2n ( = ), 7.3
M\ Qrnrre "\ Quni (23)
4104l
E; = npythv =nyy (%) = npsdml;c, (Z.4)
f
El 7’LM47T951'C
—_ = =4 = 2m, 7.5
Em na (esic/QLnLr) T‘—QLTLL m ( )
El thv nyr

E,=—= = | —) ho. Z.

27 27 ( 27 ) v (Z:6)
Appendix AA. Fine Structure Constant

ay! =420, = 137.020, (AA.1)
Qno = 420,; — RND(426,;), (AA.2)
a, ' = a;! 4+ Qnp = 420, + (420, — RND(420,)), (AA.3)
o, b = 846,; — RND(426,;) = 137.041, (AA.4)
nr, = 276/05; = 84.6005, (AA5)
Qrnrr = np, (14 n2,)Y2 —np,) = 0.499983, (AA.6)
A(P_C) = a;l(l - 2QLnLr)7 (AA?)
05;1 = a;l — A(P—C)» (AAB)
a !l = a;l - a;l(l —2Qnr,) = 2QLnLragl, (AA.9)
as' =2Qrnr, (846, — RND(426,;)) = 137.036. (AA.10)

Table AA.1. Fundamental, Planck-like and classical solutions to the inverse

fine structure constant.

a;l = 47raohc/e2

Measure a;l =420,; a;l = meao/myly
CODATA® — 137.04078552(97)
MQ(«) 137.020392764(84) 137.040785529(68)
S&H 137.02039 137.04078
Difference — 0.00000000(00)

137.035999084(21)
137.035999083(49)
137.03600
0.000000000(72)

22018 CODATA publication [3].
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Table AB.1. Planck’s unit expressions calculated using h,h.*

Unit ner O(radians)  Length (1073% m) Time (10%*s) Mass (108 kg)
h 84.6005496647 3.26250425394  1.6162281374 5.3911567628  2.1764705491
(07) (01) (12) (97) (26)
h 0 3.26239030392  1.6161999120 5.3910626131  2.1764325398
(48) (35) (72) (24)
CODATAP 1.616199 5.39106 2.17651
(97) (32) (13)

2Planck units intentionally calculated with lim, 1,00 f(G) for all results. As treated today,
this mixes frames, which causes the discrepancy between h and /i results.
2010 CODATA publication [I].

Appendix AB. Blackbody Demarcation

B Qrrc? _ el _ Ay
931 = a = a QLnLrlf - 2G ) (ABl)
Qr = (1+ni,)"* —nr,, (AB.2)
3 h
0y = 5 QLnLrlf = l_2 QLnLrlf7 (ABS)
f
Gsilf esilf
- _ , AB.A
L hQr  R(L+n2 )2 —ng,) ( )
04l
(n%r + n%r)l/Z - n%r = h f’ (AB5)
0l 0T 20,0m3
ng, +ng, = < . +n2u) = St =, (ABG)
20,1 02,13
n2 (1 -2 f) _ h2f7 (AB.7)

= bl =0l ! (AB.8)
" TN R = 200 /0) N R(h - 2040,

nr, = 84.6005496647(07), (AB.9)
nrlp = 1.36731400926(18) - 10~3* m, (AB.10)
Qrnrr = 0.499982536418(89). (AB.11)

Appendix AC. Quantization Ratios

nrls

" RND(nz0y) (AC-1)

T'q
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Table AC.1. Quantization ratios rq for np, with respect to the
measurement frame.

Parameters
Corresponding Count np,, rq nrrlsi  ng
82.7614034026(45) 0.9981940482(16) 270 41
83.0679271189(51) 1.0001488522(98) 271 42
83.3744508352(57) 1.0001488522(98) 272 42
83.6809745515(63) 1.0001488522(98) 273 42
83.9874982678(69) 1.0001488522(98) 274 42
84.2940219841(76) 1.0001488522(98) 275 42
84.6005457004(82) 1.0001488522(98) 276 42
84.9070694167(88) 1.0001488522(98) 277 42
85.2135931330(94) 1.0020198790(63) 278 43
Using blackbody radiation as a guide, then
84.6005457004826.;
= = 1.00000000000(00). (AC.Q)

"1~ RND(84.6005457004820.;)

Also, the fundamental expression resolves the count relation between frames as

(m)lf?—;” — (2n)bs:. (AC.3)

Table AC.2. Repeating quantization ratios for
counts ng with respect to the Target Frame.

Beginning ny,, Ending ny, Repeat Count

3 6 2

4 40 10

7 21 3
11 44 4
15 105 7
19 627 33
23 322 14
26 52 2
27 135 5
31 93 3
34 204 6
35 70 2
39 78 2
41 82 2
42 1050 25
49 147 3
50 200 4
53 265 5
58 116 2
61 6893 113
64 128 2
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This gives us a Target Frame count equal to
ng = RND(ny/2) = RND(84.600545700482/2) = 42. (AC.4)

Combining all results, the solution must conform with a Shwartz et al. measure of
0s; = 3.26239 rad +2 purad [I7], a count ny = 42 and a solution to the fine structure
constant having 12 digits of correspondence (see the following section). All three
criteria are met only where

nibs = 276. (AC.5)

Discrete solutions for quantization ratios are presented for the first 64 integers.
Notably, our universe corresponds to 42, this describing the fundamental expression
for the inverse fine structure constant and with that establishing the ground state
orbital of an atom (Table [AC2]).

Appendix AD. 6;; As Measured with the Fine Structure Constant

Using the Pythagorean Theorem, we resolve an expression for @ from discrete
gravity. To solve for 6,;, we multiply all instances of ny, by 84 such that np,.0s =
276 until only #,; remains.

Qr = (1+ni,)"* —nr,, (AD.1)

QLgsi = (931 + (esinLr)2)1/2 - nLT98i7 (AD2)
2 \2\1/2 .

Q= Ut <”“95:9) V7 b (AD.3)

Using the expression for a., then

1
— = 2QL7’LLT(84951' — RND(42951)), (AD4)
1 0 1
20, = — 2 , AD.
@ nrr 951‘ QL(84951' — RND(42951)) ( 5)
20 LI 2 (AD.6)

" ni0y Qp (846, — RND(420,;))

And such that np,0s = 276 and o, = 7.2973525693(11)10~3 (CODATA), then

1 O Og;
20, = 5 = , (AD.
@ nr0s; (931 + (nLréisi)2)1/2 —np0s (84951 — RND(42951)) ( 7)
0s; = 3.26239030392(48)." (AD.8)

*Units are a function of physical context and frame of reference, either radians,
momentum or non-dimensional.
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Appendix AE. Charge Coupling Demarcation

Such that nr,,0, = 276 describes a;l and such that 6,; = 3.26239030392(48) kg m
s~ then

np, = 276/0s; = 84.6005457004(82), (AE.1)
nrlp = 1.36731394519(20) - 10~ % m, (AE.2)
Qrnr, = 0.499982536417(25). (AE.3)

Appendix AF. Upper Count Bound to Fundamental Mass

t &
\/2— \/ S 2f BMPy \/2—§"M —c 222 (AF.)
tsmy npely Uy Npr nrr
The smallest count of m; with respect to [; corresponds to the inverse of my =
2.1764721078 kg.

2.17643 108 units my Lunitmy 1
L unit ¢  4.59467491733107 unitsl;  1/my

= IlMb- (AFQ)
Such that m; is dimensionless and 1/(1/my) = nmp, at the bound, then

92 _ ¢\ /2my. (AF.3)
nLr

The effective classical bound velocity v, localized to the Target Frame, 6; is
then

Vpe = C

vy = Ogicy/2my = 204.054kms ™. (AF.4)

Appendix AG. Observable Mass Bound

1. Calculations

Osicy/2my = (AG.1)
2 2 mf
My, = 20%,Rc*my G = 20%,Rc*m;y 3—tf (AG.2)
2 mysly M3
— 202, R — 99, g7 (AG.3)
ly 2ty lf
mj
My = 0,7 (AG.4)
f
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2. Dimensional Analysis

2
12md 1rm>
f°f Sy
My, =2np, 1L =on;, [ L], (AG.5)
4t5 ( 2t ¢ )
m3 m3
My = ROy~ = np, 05—, (AG.6)
ty ty
My = 2nLT0§im?c. (AG.7)
And such that one unit of ms is dimensionless where v, = Osic(2mf)1/2

and such that 6g; is dimensionless when defined with respect to a system bound

(Appendix AQ)), then we are left with the units of mass in kilograms.

Appendix AH. Effective Mass of a Galaxy

vp = Ogicy/2mp, (AH.1)

(U —vp)  Um
Afom) = 0 T b (AH.2)
Ve
M, = My(2A 50y, + 1) = M, <2£ —2+ 1) , (AH.3)
M, = M, <2“—e - 1> , (AH.4)
p
m:} Ve
M,=04R—L[2— 1], (AH5)
ty Osicy/2my
m? Ve
M.=R-1 (2 — 0, (AH.6)
ty c\/2my
Up Me
. = — 1). AH.
v 5 (Mb + ) (AH.7)

Appendix Al. Effective Velocity of a Star

Such that v, = v} for effective and bound velocities with increasing radial distance,

then
GMA\Y?  rGMy, [ v 1/2
. = = 2= -1 , ALl
! ( R ) < R <Ub >) (ALL)

_ Cstf 1 m? 12
A P
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Ve = (20§imfc2)1/2,
= (2031Ef)1/27

Ve = 951'\/2Ef.

Appendix AJ. Correlating Star Velocity to Kinetic Energy

\/2Ef = \/4951'62 c

-
cvams=¢ 1/mf \/> \/7

\/2mf

Ve

(AL3)
(AL4)
(AL5)

(AJ.1)

(AJ.2)

Such that 1 = (2605;/cmy) where Ef = 204;c (Appendix Y]), E represents some

count 26,;c of E¢ and any count nyp, of my, then

2951’ 1 202 4951'0 2F
v = - — — N
cC myg NMb nMbMmf m ’

Appendix AK. Galactic Rotation
1. Definitions

nm

Vpe = Cy| —— = Cy/2myy,
Npyr

vy = Og;c/2my,

3
m
— RO, —L.

2. Calculations

(Um — ) U
Af(,um) = T = v—b — 1,

M, = My(2A o,y + 1) = M, (2”—’” 24 1) ,

Up

M, = M, (2”—’”—1),
vp

3
M, = RO, [o—"m ),
ty Osicy/2my
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Milky Way Velocities _Ef';‘;z't?je
(km/s vs. thousands light-years) Modelled
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100 T
50 ////
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Fig. AK.1. (Color online) Milky Way star velocities (green) [26], effective velocity (red), bound
velocity unadjusted for mass distribution (purple) and classical velocity (blue).

The effective velocity ve is
GM N\ (GMy (o 1/2
= - 2" 1 : AK.8
() (R ) s
1/2
t m}\ 1 v

3 Uf f m
e = — | [ROsi— | 5 ([27—F=—1 , AK.9
° <<C mf) < ty ) R ( (Osicy/2my) )) (A1)

1/2

Ve = <c2m2 <2U—m — clg; ) , (AK.10)

f

\/2my

v =402 (22— —ch,; | (AK.11)
1/2mf

Appendix AL. Quantization Crossover

g

3
mf Um,
M,=R—L|2—2— 04|, (AL.1)
ly cy/2my
Um
v? = 46% (2 —chy; | . (AL.2)
V25

To demonstrate equilibrium where classical and non-classical behaviors meet, we

resolve vy, at the velocity bound v, and substitute vy = O;c(2ms)'/2.

v? = 40, <2L - cesz) , (AL.3)

\/2my
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300
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—Classical
5 (billions M© vs. thousands light-years) assica

250 ——Bound

40
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Crossover
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0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84

Fig. AL.1. (Color online) Milky Way mass: classical (blue), effective (red) [27, 28] and bound
(purple).

Osich/2m

o = 802, V2T e (AL.4)
\/2my

v? = 803%.c — 463,c = 463,c, (AL.5)

Ve = 2951’\/ 05ic. (ALG)
Ve = 04i\/2E5. (AL.7)

Changing from Target to Measurement frame, (i.e. remove 6y;), we resolve v, =
(2F f)l/ 2. This reduces to the expression for kinetic energy, demonstrating that the
crossover occurs where v, = vy, at 9.072419 102 light-years (2.779712 kpc).

Appendix AM. Elementary Charge
Defining Two Frames at the Bound

(definition)—- = b —d. (AM.1)

ISHES

Correlating Frames to Physical Values

Using the Shwartz experiments for reference, the base b is the elementary charge
ey as a function of the fundamental mass f(my) relative to its quantum of angular
momentum h (ie. f(mys)/h). And we know that the Planck momentum relative
to theta is 05 = (1/2)lymy/ty thus, indicating that we divide h
by two. And we know that f(my) — the metric differential associated with my
between frames — is the square of m; when coupled with 0y;, My = 2np,(0sims)?
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(ie. lp(mymy)/2ts), Eq. (AGG).

b (flmy) _ mi _omj
a- ( n/2 ) @2 T Togly (AM-2)

Such that d =0, b= efmft/lf and such that b/d = b — d, then

Bfmfc . Bfmfc

= — 0, AM.

Osil Iy (AM.3)
ef(m?ﬁsi — m?c) = lfﬂgi, (AM.4)

116% 13
= % = : (AM.5)

7m0 — 1) 4205 — 1)
1

ef = mlfc2 = 1.60512538253(81) - 10~ . (AM.6)

Applying the Metric Differential

ng = nrrasr — 1+ ((2QLnrrnry) pary — (2QLnrenry) paz)),  (AM.T)

ng = 40 + (40.993904252021 — 41.994049305633), (AM.8)

ng = 41.000145053612. (AM.9)
(ng — 1)951‘

= = 0.998197579719(51 AM.10

"4 RND((ng — 1)05;) (51), ( )

ep = rquer = 1.60223227199(59) - 10~ 1. (AM.11)

Applying the Informativity Differential

Qrnp,r = 7’LLT((1—|—7’L%T)1/2 —nLr), (AM12)
A(p,c) = ep(l —2QLnLy), (AM.13)
ec = ep — A(p,c), (AM.14)
ec=¢ep—ep(l —=2Qrnr,) =2Qrnrrep, = 2Qrnp,rrqaer, (AM.15)
e. = 1.602176310(70) - 10719 C. (AM.16)

Appendix AN. Elementary Charge Demarcation

1. Definitions
2(0s; — 1)?
= AN.1
77 (Qunr) (846, — RND(420,,))r2,, (AN-1)
(6si — 1) 2 12

= . AN.2
" (Qrn)? \ 346, — RND(420,:) (AN-2)
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2. Calculations

€c = 2QLnLrep = 2QLnLrTq41€f7 (AN?’)
(0 — 1) 2 1/2
c = 2 r
¢e = 2QunL (Qrnr,)? \ (340,; — RND(420,;))y
1
S— AN 4
X4<95i_1) e ( )
2 1/2
cp = —HC ( 2 ) . (AN5)
2Qnr,y \ (8465 — RND(426,;))y
lfc2 2 1/2
r = y AN.6
Qunir =5 ((849” - RND(42951-))7) (AN.6)
lec? 2 1/2
(1 2 \1/2 T:f AN.7
ol ni,) " =) = 5 Ggn —rND@egn ) (AN.7)
ni, = 84.6005499213(87), (AN.8)
nrlp = 1.36731401341(03) - 10~ % m, (AN.9)
Qrny, = 0.499982536418(99). (AN.10)
Appendix AQO. Electric Constant
1. Definitions
2(0g; — 1)2
= AO.].
7T Qi) (840, — RND(420,,))r2,, (A0.1)
1 e? 1 €2 Qrnpy €2
= = ¢ = — ¢ = r € . AO-2
£o noc?  2hacc  hdrmacc Osily 4mace ( )
2. Calculations
co = 20101, (8405 — RND(420,,)) LL"Lr e (AO.3)
Osily 4mc’
)2 (8460, — RND(420,;
-, (@une, (840, — RND(26,)) 20,0
27T95ilfc
2
(QLTLLT)2(84951' — RND(42951)) lf9247‘q41
= 2 r——=1 , (AO.b
€0 2mllsc @une m?p(ﬂsi -1) ( )
(QLTLLT)4(84951' — RND(42951‘))Zf62T341
= AO.6
<0 drmy(fs; — 1)2 ’ ( )
c? ly 12 1
co=— 1 —885418 1072 Fm . (AO.7)
2ry my
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3. Extending Precision with v = f(uo) at the Blackbody
Demarcation (Appendix AR])

C2

o =
0 2my my
2nyeomy = c2ly,

G = 2mepry.

Appendix AP. Magnetic Constant

1. Definitions

— 2(0g; — 1)2
" (Qune) (48, — RND(£20,1))r7,

2
Y g85418-10"2Fm~ L.
2wy my

2. Calculations

1 47Tmf(951‘ — 1)2

!
L — 8.85418781278(70)10 2 Fm !,

M= 20 ~ (Qunir) (346, — RND(420,,))l7c'r2,,

P
o = XY 956638 10 S Hm L.
C4 lf

3. Extending Precision with v = f(go) at the Blackbody
Demarcation (Appendix AR))

2
fo = Lj? = 1.25663706211(82) - 10" Hm ™,
ct
= @> G2
v (27T <

Appendix AQ. Coulomb’s Constant

1. Definitions

— 2(0g; — 1)2
" (Qunn) (B0 — RND(a26,))rn
2
Eo = C__f — 885412 . 10712Fm71.
27y my
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2. Calculations

1 my(0s; — 1)
ke = = , AQ.
471'80 (QLnLT)4(84951‘ — RND(42951‘))1]0027‘241 ( Q 3)
ke = %? — 8.987555 - 10? Nm2C 2. (AQ.4)
f

Extending Precision with v = f(uo) at the Blackbody
Demarcation (Appendix AR]J)

- l”—f — 8.98755179227(44) - 10° Nm2C 2, (AQ.5)
3ty

v = 2kec” ——, (AQ.6)
my

v = 2k,G. (AQ.7)

Appendix AR. Gamma — The Target to Measurement Frame

Transform
t Nm? m®  kgm m® mb
= 2k, G = 2k.A—L = = — — . (AR1
" G ¢ my C s?2kg 2 Cs’kg Cs*’ ( )
v = 2k.G = 1.1996724235(38)m°® C~1s 74, (AR.2)
vy = G = 1.1996724235(38)m® C~1s~4, (AR.3)
27‘(80

_ (MO 2 _ 6 —1_—4a
v = %) Ge? = 1.19967242354(18)m° C~ s, (AR.4)
dreoke = 1, (AR.5)
4rke = poc?, (AR.6)
gopoc® = 1. (AR.7)

*Precision is extended not as a function of G, but ¢*ty/my. Selecting a non-
related source measurement (ke, ug or €g) for v assures physical independence.

Table AR.1. Electromagnetic constants as a function of the fundamental measures and -y, adapted
from [14].

Gamma Source Measures

Physical

Constants e (10719 C) g0 (10712 Fm~1) o (1078 Hm™1) ke (10° N m? C~2)
MQ 1.60217064225(03)* 8.85418781281(30) 1.25663706211(82) 8.98755179227(44)
CODATA [3] 1.602176634 8.8541878128(13) 1.25663706212(19) 8.9875517923(14)

2Resolves the value of e at the charge coupling demarcation. The remaining values are calculated
using the gamma approach.
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Table AS.1. Elementary charge as a function of demarcation nr, and ~.

Gamma source measures

Source

Constants nr, of source eo (10719 Q) po (10719 C) ke (10719 C)
ot 84.6005457004(82) 1.60217663400(74) 1.60217663400(51) 1.60217663400(74)
h 84.6005496647(07) 1.60217663400(22) 1.60217663399(98) 1.60217663400(22)
e? 84.6005499213(87) 1.60217663400(18) 1.60217663399(94) 1.60217663400(18)

2 Associated ny,, is solved as a function of the fine structure constant and the defined value for

e [3].

Appendix AS. Solutions to Elementary Charge Using the Gamma

Approach
Gamma resolved as a function of the electromagnetic constants.

1

= G = 1.1996724235(38) m® C~ s,
271'60

o

y = (’;—0) Ge? = 1.19967242354(18) m® C~1s~4,
™

v = 2k.G = 1.1996724235(38) m® C 154,

Definition of gamma.

(definition) 20 — 1)°
ernn =
7T (Quni,) (846, — RND(426,,))r2,,

(esi 1) 2 1/2
Tga1 = )
M (Qpnr)? \ 840, — RND(420,, )y
With these, we can resolve elementary charge.
ec = 2QrnLrTqa1€f,

(0si — 1) 2 1

1/2
o T B G ((84951- - RND(4295i))v> Hsi = 1)

1/2

1 2 |2

= Cc .
2QunL, \ (840, — RND(420,,))y f

€c

Appendix AT. Unification

o Qre’r  Qul} l 1 Qrnrrly
= = n r = — 5
951’ 951t§ by 951’ t?f

B ty QL”Lrljlf (lf62>
LympQrniy t; ’
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) (8460, — RND(4204;))r? 2
o — (Qrnrr)( (4205:))rgar (1y¢* 7 (AT 3)
4dm(fs; — 1) my
(Qrnr,)* (840 — RND(42951-))7’§41
= AT A4
€o 47_‘_(057; — 1)2 G7 ( )
2(0g; — 1)2
= AT.5
77 (Qunr,)* (846, — RND(420,,))r2,, (AT5)
€0 11
N_-- AT.6
G 2ry’ ( )
G = 2megr. (AT.7)
Appendix AU. Contraction and Dilation with Inertial Mass
a® 4+ 0% = ¢, (AU.1)
ar2nax + br2nin = Cl%ound? (AU2)
(a”maX)2 + (b”min)2 = nl2)ound7 (AU.3)
) (Y (AU.4)
=n . .
Nmax N'min bound

Testing each condition, we find npoung = 1.

0 2 - 2 1/2
Mbound = ((TL ) + <nmfn> ) = 17 (AU5)
max min
n 2 0 \? 12
Nbound = ((nma") + (n . ) ) =1 (AU.6)

Thus,
a 2 bo\?
(o) + (=) -u (AUT)
Timax Tmin
2 2
( - ) + (i) —1, (AU.8)
Nic nri
n 2 n 2
( L) +< L") =1, (AU.9)
Nic nri
2 2
ZLo _ ( - "TL) : (AU.10)
L nic
n2 \ /2
NLo = NLI (1 2L> : (AU.11)
i

2350069-47



Int. J. Geom. Methods Mod. Phys. 2023.20. Downloaded from www.worldscientific.com

by GERMAN ELECTRON SYNCHROTRON @ HAMBURG on 02/18/23. Re-use and distribution is strictly not permitted, except for Open Access articles.

J. A. Geiger

For clarity, beta is
2 1.\ 2 ¢ 2 2
n_ <_”L f) <_f ) . (AU.12)
ny, ty nrely c

Applying ¢ = Iy /ts, we resolve the expression for time. Applying the fundamen-
tal expression Iy = 204;tr/my to length, we resolve the expression for mass.

n2 \ /2
o (1 B TL) 7 (AU.13)
Nie
4 . 9 N\ 1/2
Wity _ Wity (1 B ”TL) ’ (AU.14)
Mo my NTc
n2 \ /2
mp = me ( - TL) ) (AU15)
L

The contraction and dilation expressions for each are then

n2 \ /2
lo=1 (1 - TL) , (AU.16)
Nre
n2 1/2
me = ml/<1 - TL> , (AU.17)
Nie
n2 1/2
to =1 <1 - TL> . (AU.18)
Nrc

Appendix AV. Contraction and Dilation with Gravitation Mass

20 1/2
v = ( l:”) ) (AV.1)

o2 = 2Cnumy 2t (AV.2)
nr,ly fnLTlf my ’

V2 2thfc3 _ 2nacd _ 2nM027 (AV.3)
nryly nLrc nLr

’1)2 nyr

2= 2nL . (AV 4)

Such that the expressions for motion and inertial mass both resolve to v?/c?,
we resolve equivalence

2
DL gl (AV.5)
N nrr
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Thus,

n 1/2
lO:ll(1—2 M> ,
nrr
1/2
mozml/(1—2nM) ,
nrr

n 1/2
t, =1 <12 M) .
Ner

Appendix AW. Equivalence Between Inertial & Gravitational
Mass

(AV.6)

(AV.7)

(AV.8)

Such that expressions for motion and inertial mass both resolve a v?/c? component,

we can describe their equivalence

2
ny, o 27’LM
— - = .
ny. nrr

Appendix AX. Unity Expression

Expansion of space as a count ny, of I¢ at t = 0 of the expansionary epoch.

1/2
3\
Nro = N1 - 5 )

Aee — Aqe<205i)1/37

nry = nre(205) "3,

NTo 1

nry (205:)1/3

1 _ <1 - i) 1/2
(205:)"/? i
1 2/3 n%
—L —1
(2051) " n%c ’
2
t 1/3 (e 2 .
lfmf NEe '
Appendix AY. Physical Significance of the Fundamental

Expression for all Applications Throughout the
Measurement Domain

(AW.1)

(AX.1)

(AX.2)
(AX.3)

(AX.4)

(AX.5)

(AX.6)

(AX.7)

Comparing dimension-dependent properties of the universe with their Measure-

ment Frame measures today establishes the physical significance of the fundamental

expression across the entire measurement domain.
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Table AY.1. Tests extending the fundamental expression across the measurement domain.

Target frame variances from local measurement

Variance Test Target Measured Difference
Mcub Age02,/nply 1.50160 10°° kg 1.50149 10°° £2.9 10%° kg® 0.00011 10°° kg
= f(nrly)
Myis Myis = QuisnruMaer 14794 10%% kg (1.48 £0.01) 103 kgP 0.00 10°% kg
= f(nru)
Tom s ((namy)gec® /4o V)% 2.72553 K 2.72548 + 0.00057 K* 0.00005 K
= f(namy)
Quis Quis = 2/05:(0%,+ 2) 4.8488348953% 4.97 + 0.82%° 0.12%
= f(0si)

2A consolodated study of CMB temperature measurements prior to 2009 [24].
P Astrophysical constants [25].
©2018 Planck Collaboration Results [26].

Appendix AZ. Correlating Diameter, Age of Universe
to Fundamental Mass

We begin with the fundamental expression and expand to include counts. Such that
nr and ng are representative of the age Ay = nrty and diameter Dy = nply of
the universe, then

lymy = 20,ty, (AZ.1)
nrlgnymy = 20nrty, (AZ.2)
(nrly)narmy = 205 (nrty), (AZ.3)
Dy(nymy) = 204 Ay. (AZ.4)
We anchor the relation to the Target Frame using the mass frequency
ny = 1/my = 4.59467491733(49) - 107 units kg " (AZ.5)

And where the speed of light constrains ny = np for all frames, then
nymy = (4.59467491733(49) - 107)(2.17643253982(38) - 107%) = 1. (AZ.6)

It follows, from the perspective of an observer with respect to the Measurement
Frame

Dy = 204,Ap = 23.2623913.794 = 90.003 Gly, (AZ.7)

Dy 90.003

=4—= — 21764 10 ke, AZ
A~ 13794 x 299792458 »1704-10 ke (AZ.8)

mg

Appendix BA. Hubble’s Constant (For The Expansion of Space)

3.08567758 - 1012

km/Mpc km/Mpc -1 -1
H= - = 70.885kms ™' M BA.1
Ay 13794109 315576 - 107, ms™ Mpe™, - (BA.1)
885kms™ ! Mpc ™
; 70-885kms _ Mpe =2.2072. 1078571, (BA.2)

T 3.08567758 - 1019 km Mpc !
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Appendix BB. Physically Significant Domains of the Observable

Universe
Definitions
Qtot = Qobs + Qdk, (BBI)
Qar + Qops = 1, (BB.2)
Qobs = 2951'91)1'3’ (BBg)
Quobs = Qobs - Qvis- (BB4)
Calculations
2951'91;1'5 - Qob57 (BB5)
2 Qm's
— =4 =0 BB.6
031 GsiQobs I ( )
2
Qf = 7 = 18.T913577316(20)%. (BB.7)
205inis = Qobsa (BBS)
62, 62,
2051'Qvisﬂ -1= Qo sﬂ -4 BB.9
9 bs (BB.9)
62
egiﬂvis -1= Qobs% — 1. (BBlO)

Given the dark equality above and such that Qgx + Qobs = Qtot, then we replace
the Qs to show that

62, 62,

Qur = (Qtot — Qdk)% —1= (1 — Qdk)? -1, (BB.ll)
62,

Qar = (1 = Qar) 5F — L, (BB.12)

62, — 2
Quy = go—y = 68.3624161042(52)%. (BB.13)
Such that the dark is the total (i.e. 1) minus the observable, then

62,

1—Qups = Qobs§ -1, (BB.14)
62,

2 = Qobs% + Qobs, (BB15)

Qons = gz = 3LO3THEIBI5T(48)%, (BB.16)
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Table BB.1. Comparison of CMB Planck survey results with MQ calculations.

Domain
a
Phenomenon / MQ Term ACDM % (MQ) % (MQ) kg
Dark energy Q4 /Dark Qgp, 68.34+ 0.84%  68.3624161042 2.0857 10%4

Dark Matter ¢/Unobserved Qops
Qc + Qp/Observable Qps

Baryonic 3 /Visible Q45
—/Fundamental Q

26.73+ 0.82%
31.66+ 0.84%
4.97+ 0.82%

(52)
26.7887490004(13)
31.6375838957(48)
4.84883489533(52)
18.7913577316(20)

8.1733 10%3
9.6526 1053
1.4794 1053
5.7333 1053

22018 Planck collaboration results using TT,TE,EE+lowE [26].

4
Qo s = 295iQUis = 79 o
’ 02 +2
2
Qvis = 3 702 o\
05 (62, +2)
Quobs = Qobs -

= 4.84883489533(53)%,

Quis = 26.7887490004(13)%.

Appendix BC. Alternative Domain Relations

Dark

Qobs
62, + 2
Qobs (SZT>
62
Qobs (% + 1>
1- Qobs
Qar

Qqr

Qqr, =

Observable
M; = Apfy =L,
ty

Qobs
)
Qtot

Qar, =1 -

2

= &Qobs -

2

1

)

2951’ 951’ Qobs

Qobs 4

esiQobs

Qobs - 1a

= Qobs - ]-7

4Qvis

Qobs
Qy
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O = —9b °°f BC.1

dk Qf ) ( C 0)
Qobs Qobs - Qf
L= = ; BC.11
Qtot Qf ( )
Qobs - Qf Qobs) <Qobs Qobs)
1= + — (=214 ., (BC.12
< Qy Dot Qf Qiot ( )
Qobs Qobs
n _9, BC.13
Qf Qtot ( )
Qtothbs + QfQobs = 2QthOt7 (BCl4)
Qtothbs = Qf (2Qt0t - Qobs)» (BCL’S)
Qobs
Qops = Qf (2 — b > , (BC.16)
Qtot
Qobs = Qf(2 - Qobs)a (BCI?)
Qobs(l + Qf) = 2Qf, (BC.lS)
Q

Qo s — 2 . BC.1

b Qf+1 (BC.19)

Appendix BD. Curvature of Universe: Flat (13, Eq. (97))

2

62, — 2
1007 g5 — = 214.766864214(77). (BD.1)

Appendix BE. Mass Accretion in the Universe

Definitions
Mobs
Mg, = —1 BE.1
dk Mf ) ( )
Mdk =1- Mob57 (BE2)
Mf = nTumfGSi. (BE.?))
Calculations
Mobs
7]-:]-*M057 BE.4
i b (BE4)
Mo = M —1), BE.5
rot ! (Mobs ) ( )
202 +2 63,
Mtot - nTumfesi <IMT - ]-> - nTu"”f? (BEG)
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N M 93

Maer = = ? = 17.3611207370(89) units ms per unit¢s. (BE.7)
N
94
Moer = l— = 7.00887947539(16) - 10*° kgs ™. (BE.8)
f

Appendix BF. Quantum Referencing

Until the count ny, of [; representing the radius of a discrete measurement frame
is greater than n = /3, points external to the system cannot be referenced. The
universe cannot expand at the speed of light.

2
\/n2+nd = \/712 n2 + nb) =, (BF.1)
n2+n2+n?=+112+12+12 =3, (BF.2)

Appendix BG. Quantum Epoch

nLulf _ 2951' (BG 1)
nryty MM f ’ '
nroty  Naumy’ '
’ N lf 2051 2951' 2051 2951
= = = = = B .3
v Nty nywmy My Vupe (4/3)7rc39§’iAgepc7 (BG.3)
3 1 3 81G 4 lgc?
"= = - BG4
U T PR, pe | 2nPGLAY, 3HT | POLADHI 20, (BG4)
o — 12y _ 2 2lf _ 2l
2 93 ep3 3
Hf esiAge e asiAge esiAqe
= 8.1195732436(21) " ms~ !, (BG.5)
21y 20y
Rqe = 9—3‘1 (Aqe) dt = 03 hl(A ) (BGG)
Age = eV3%2/2 = 1.14652655409(32) - 10'3s
= 363,312.341272(21)y. (BG.7)
Appendix BH. Quantity, Age, Density, Temperature of CMB
2lf 1 _2ly
R dt In(A BH.1
U — (AU ) 93 ( U)7 ( )
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Table BH.1. Comparison of MQ predicted CMB values with measurements.

Qak AcumB pCcMB Tomp
MQ 214.767 363,312.34127(22) y 4.1750 10714 Jm—3 2.7255 K
Measurements 216.4 + 1.3> 379,000 yP 4.17 10~ Jm—3¢  2.72548 + 0.00057 K?

aA consolodated study of CMB temperature measurements prior to 2009 [24].
PMicrowave (WMAP) All-Sky Survey [29].
¢Corresponds to about 411 photons/cm? [30].

Age = V3052 = 1.14652655409(32) 103, (BH.2)
Ace = Age(204)'/3 = 2.14242727551(18) 1035

= 678,894.236415(88) y. (BH.3)
03,

Mcug = nTumf§ = 1.5016 - 10°° kg, (BH.4)
M. 2

p=—CMBC _ 417501074 Jm™3, (BHL5)

Vu
o= 8ok _ 7.565733250- 10710 Jm 3K 4 (BH.6)
T ¢ 1533 T ’ '
1/4
T= (3) — 27255 K. (BH.7)
a

Appendix BI. Age of Universe as a Function of CMB Temperature

Temp = 2.7255 K [24], (BL1)
k= 1.380649 - 10723 JK~!(exact) [25], (BL.2)
a= STk _ 7.565733250- 10716 Jm 3K ~* [25], (BL.3)

©15e3h3 T
RU = AUQSZ'C, (BI4)
4
Vu = gwR?f], (BL5)
Ep:cmb = TéMBa7 (BIG)
Ecymp = Epemb VU, (BLT)
E
Mcns = C;JQWB, (BLS8)
AT Apbgc)?
Mo = Foupam(Avduc)” (BL9)
3c?
Age = V30072, (BL.10)
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Aee — Aqe (205i)1/3a
4

MCMB = Aeel_za
f

02,
= e(\/gesi)/2(298i)1/3ﬂ'

Mcums L

4Té‘MBa7T(AU98iC)3 _ e(ﬁesi)/2<29 ,)1/39_;1,1'
302 St lf )

ATE \rpam AL 63,31y = 3e(V30:00/2(26,,)1/3 264,
A 395i(295i)1/3e(\/§9si)/2 1/3
v 47raclfTé,MB

= 13.794 billion years.

Appendix BJ. Mass of the Universe as a Function of CMB

Temperature
6,
Mocr = % = 7.0088794753(92) 103 kg s,
f
1/3
3051' 2051' 1/3¢(V305:)/2
Ay = (205:) i = 13.794 billion years,
draclyTé g

bly

—1
- =3.0510- 10k
3.15576 - 1016 s) &

MU = Macr (AU
My = Q¢ My = 5.7333 - 10 kg,

Myis = Quis My = 1.4794 - 10°® kg,

My
M

(BL.11)

(BL.12)

(BL13)

(BL.14)

(BL15)

(BI.16)

(BJ.1)

(BJ.2)

(BJ.3)

(BJ.4)
(BJ.5)

=4.84883%
=18.7914%
Mg, =31.6376%
M,ps = 26.7887%

31.6376% [ 68.3624% My =68.3624%

) 1 »
Fundamental M;=5.7333 10 kg

[ 31.6376% } 68.3624%

L]
—— « Visible M.;,=1.4794 10¥kg |———— Dark M, =20.857 10" kg ——]

I | < Unobserved M,,,=8.1733 10% kg

I Total M,,=30.510 10” kg

Fig. BJ.1. Mass in the universe. Adapted from [2]
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Mops = Qops My = 9.6526 - 10°3 kg, (BJ.6)
Muobs = Quobs My = 8.1733 - 1053 kg, (BJ.7)
Mgy, = Qa My = 2.0857 - 10°* kg, (BJ.8)

Appendix BK. Time Dilation/Length Contraction between

Epochs
(4/3)m(Acebsic)?
= 20, BK.1
(/3)7(AeOui0) (PR
Ace = Age(204)Y/? == 2.14242727551(18) - 10'3s,  (BK.2)
nrr = nro(204)'/3, (BK.3)
NTo 1
- BK.4
nr o (205)Y/3° ( )
2\ 1/2
o _ (1-ZL) (BK.5)
nri Ny
1 ( n% )1/2
— = (1-=£) (BK.6)
(205:)1/3 nf,
2 2 g,
ny =n —L (BK.7)

Lec (2057;)2/3 )

/ 1
ny = Ny 1— W (BK8)

Appendix BL. Ground State Orbital of an Atom

Using Planck’s expression for the ground state orbital of an electron, we replace
lymy with the fundamental expression and then expand to incorporate the Infor-
mativity differential.

_1_ GoMe Qrnryr
= = agme , BL.1
“p mflf ot Gsitf ( )
Ot
ag = 21 (BL.2)
QpMe
1 Bt
ag = —— =1 (BL.3)

Qe QL”LT
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Appendix BM. Extending the Physical Constants

2951' _
my = = 2.17643253982(38) - 10~ *kg, (BM.1)
&
a, ! = 840, — RND(420,;) = 137.040785529(68), (BM.2)
Iy = % = 1.6161999120(35) - 1073 m, (BM.3)
f
l
tr = -L =53910626131(72) - 10~ *s. (BM.4)
C
l
G= sz_f = 6.6740779428(56) - 10~ M m3 kg ' 572, (BM.5)
f
h = 204l; = 1.0545349844(45) - 10734 J s, (BM.6)
Gsil _
= *F — 1.0545718176(46) - 10734 J s (BM.7)
QL”LT

Notably, I is a function of its associated demarcation. To avoid feedback of the
source measure, we use the demarcation associated with elementary charge as an
example count ny, for this measure.

Calculations of domain distributions are a percent of the whole.

2
Qp = 23 = 18.7913577316(20)%, (BM.8)
62 — 2
Qe = 55— = 08.3624161042(52) %, (BM.9)
4
Qobs = gy = 31.6375838957(48)%, (BM.10)
Qobs
Qyis = 50 4.84883489533(52)%), (BM.11)
Quobs = Qobs — Qpis = 26.7887490004(13)%. (BM.12)

Extending the electromagnetic constants as a function of ~.

G = 1.1996724235(38) m® C s~ (BM.13)

V= 271'60

y = (‘2‘—0) Ge? = 1.19967242354(18) mS C~1s~4, (BM.14)
s
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v = 2k.G = 1.1996724235(38) m® C~'s ™4, (BM.15)
g0 = G 8.85418781281(30) - 10" Fm™!, (BM.16)
27y
21y _6 1
Ho = Gz = 1:25663706211(82) - 10" Hm ", (BM.17)
ke = % = 8.98755179227(44) - 10° Nm?C 2. (BM.18)

Appendix BN. How to Derive the Planck Expressions

Such that G:c3tf/mf h = 204ly and the fundamental
expression lymy = 20ty (Appendix V]), then

Length
my = 204ty BN.1
lymy = 205ty
G G
Lmy = (205lf)——t; = h——ty, BN.2
rmy = ( f)lfo LGl (BN.2)
t G
3_f — J—
lymy (C mf) hlftf, (BN.3)
c*t; = hG, BN.4
lyctty = hG
e 1/2
lf=<c—3) . (BN.5)
Time
c hG 1/2
== — BN.
A=) (BX.6)
e 1/2
tf=<c—5) . (BN.7)
Mass
nG2\ 2
ff=<—c5G) ; (BN.8)
G (he\"? Lty 1 (he)'?
ff—c?(a) =c m—,c—s<6) : (BN-9)
he\ /2
mf<ac) . (BN.10)
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Appendix BP. Symbol Definitions

fs; can be measured as the polarization angle of quantum entangled X-rays at
the degenerate frequency of a maximal Bell state. As an angle 65; =3.26239 rad
+ 2 prad [I7HI9]; as a momentum 6; = 3.26239030392(48)kg m s~!; and with
respect to the Target Frame, 6,; has no units. The relation of angle and mass is
mathematically demonstrated, as well, by Chen et al. [22].

¢ is the speed of light which may also be written as ¢ = nply/nyty = 299,792, 458
m/s [3] such that ny = ny =1 is physically significant.

G is the gravitational constant, 6.6740779428(56) 1011 m3 kg~! s72 such that its
value considers the effects of length contraction associated with discrete measure
at the upper count limit. Italicized G identifies a measure not at the limit (e.g.
G = 6.6738448362(53) 1071 m3 kg~! s72 at the blackbody demarcation).

Iy, my and ty are the fundamental measures, more precise expressions for Planck’s
units — length, mass, and time — that consider the effects of length contraction
associated with discrete measure.

e [,, mp and ¢, are Planck’s units for length, mass, and time.

e nr, nyr and nr are physically significant discrete counts of [y, m; and ty, respec-

tively.

nr, describes the count of [ representative of a change in position of an observable
measured with respect to the observer’s frame of reference.

nr, describes the count of /¢ representative of the position of an observable with
respect to the frame of a center of mass.

nr,. describes the count of [ representative of a change in position of light mea-
sured with respect to the observer’s frame of reference.

ng is the Target Frame count of 6 resolved as a function of the Measure-
ment Frame demarcation adjusted for the metric differential (i.e. RND(84.60055/
2)=42).

Qr is the fractional portion of a count of [; when engaging in a more precise
calculation.

Qrnyr, also known as the Informativity differential describes the length contrac-
tion associated with discrete measure.

h is Planck’s constant.

e his the reduced Planck constant, 1.054571817 10734 m? kg s~!. When accounting

for the Informativity differential at the upper count bound, this term is not
italicized (i.e. h = 1.0545349844(45) 10734 m? kg s71).

Aee is the dilated age of the universe as measured from the current expansionary
epoch. Its value is a function of expansion with respect to the total elapsed time
representing the quantum epoch.

o Ay is the non-dilated age of the universe corresponding to the quantum epoch.

e (),;s is that domain of the universe that is presently visible.

o (s is that domain of the universe that is presently visible or will be visible

given infinite elapsed time.
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Qg is that domain of the universe that will never be visible.

Quobs is that domain of the universe that will eventually be visible but is not
presently visible.

Q4o is the entire domain that makes up the universe (i.e. 1 or 100%).

Qy is that domain of the universe that is fundamental. Its physical significance
describes a pivot point with respect to the remaining domains.

Mot is the total mass of the universe, including all forms of energy.

M. is the rate of mass accretion in the universe.

M, is the effective mass which represents the gravitational mass measurable by
an observer.

My is the bound mass which represents the upper count bound of m; that can
be measured per ¢y in a homogenous mass distribution.

Vi is the volume of the universe.

Ay is the age of the universe.

Ry is the radius of the universe.

Dy is the diameter of the universe.

His the value of Hy m s~'!Mpc~! when resolved with respect to universal expan-
sion (i.e. the Target Frame).

Hy is the rate of universal expansion with respect to the diameter of the universe
(per Dy ). This differs from stellar expansion (i.e. Hubble’s description).

Hy is the Hubble frequency.

nry is a count of ¢y equal to the age of the universe.

nr, is the count of t; observed with respect to the observer’s frame of reference.
ny is the count of ¢y measured with respect to the observer’s frame of reference.
Ny is a count of Iy equal to the diameter of the universe.

NLo is the count of Iy observed with respect to the observer’s frame of reference.
nr; is the count of [y measured with respect to the observer’s frame of reference.
Ny is a count of my equal to the total of mass/energy in the universe.

N, is the count of m; observed with respect to the observer’s frame of reference.
nyyy is the count of m ¢ measured with respect to the observer’s frame of reference.
N is a count of my representing the mass upper bound of a gravitational field.
nre is a count of ¢¢ corresponding to the elapsed time in the local frame of the
propagation of light.

l; is a measure of length with respect to the observer’s measurement frame.

lo is the observed length subject to the effects of motion and/or gravitation.

my is a measure of mass with respect to the observer’s frame of reference.

m, is the observed mass subject to the effects of motion and/or gravitation.

t; is a measure of time in the local frame of reference.

t, is the observed time subject to the effects of motion and/or gravitation.

t. is a measure of elapsed time with respect to the propagation of light.

Numin 18 the minimum physically significant count term of some fundamental mea-
sure.
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Nimagz 1S the maximum physically significant count term of some fundamental
measure.

e Al is the observed change in length ny, due to motion or gravitation.

e ¢ is the energy of one unit of fundamental mass my.
e vy, is the bound velocity that corresponds to the bound mass constrained by the

Planck frequency.

® v, is the modeled velocity best reflecting the measurement data.

e v, is the escape velocity associated with a gravitational mass.

o v, is the effective velocity, a function of the effective mass — that count of m¢

constrained by the Planck frequency — and reflecting the mass profile of a system.

e R is the distance between a center of mass and an inertial frame.

e F'is force with units of kg m s™*.

2

S is the unknown constant when resolving a description of gravity, latter replaced
with 981-.

v is velocity between an observer and a target.

r is the distance between an observer and a target.

M is all the mass in a considered system.

0 is a description of the uncertainty in the position of a particle.

op is a description of the uncertainty in the momentum of a particle.

Ecup is the total energy associated with the CMB.

E,.cmp is the energy density associated with the CMB.

k is the Boltzmann constant.

p is the energy density accumulated at a given age of the universe.

a is the total energy radiated as described with respect to blackbody radiation
(i.e. the Stefan—Boltzmann law).

Toap is the temperature of the Cosmic Microwave Background.

Qax is the monopole moment associated with dark energy.

L is the arclength of a circle of a given radius subtended by a given angle.

7, is a numerical value describing the arc-distance of a circle of radius one.

E) is the energy of one quantum of electromagnetic radiation.

E,, is the energy of half a fundamental unit of mass my.

A describes Einstein’s cosmological constant.

a;l is the fundamental form of the inverse fine structure constant defined with
respect to the Target Frame.

a, 1 is the Planck-like form of the inverse fine structure constant defined with
respect to the Measurement Frame.

-1 is the classical form of the inverse fine structure constant as adopted by the
CODATA collaboration. This term accounts for length contraction associated
with discrete measure.

(67

€o is the electric constant.

e 1 is the magnetic constant.
o Qo is the metric differential 420,,-RND(426,;); describes the difference at the

demarcation count n = 42 of ,; between the discrete and non-discrete frames.
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o Ay, is the metric count offset (ng—1)6s;/RND((ng—1)6,;); describes the quotient
offset between the discrete and non-discrete frames relative to the reference count
n =1 of 0.

e 7 is a collection of terms that describe the geometry between the Target and

Measurement Frames.

me is the mass of an electron.

ap is the ground state orbital of an atom.

ke is the Coulomb’s constant.

e is the elementary charge.

e is the fundamental form of elementary charge, defined with respect to the

Target Frame before adjusting for the metric and Informativity differentials.

e e, is the Planck form of elementary charge, defined with respect to the Measure-
ment Frame, accounts for the metric differential between frames.

e c. is the classical form of elementary charge, accounts for the metric and Infor-
mativity differential.

e 1, is the quantization ratio (ngfs;)/RND(ngf,;). It describes the relation between
the discrete and non-discrete frames of reference.

e RND(n) is a function; rounded to the nearest whole-unit value.

Appendix BQ. Term Definitions

Count Frequencies

The frequency expressions refer to the relation of counts but are often described
using only the reference measures. They are length frequency I/t , mass frequency
my/ts, length-to-mass frequency ly/my and frequency 1/t;. The inverse of each is
referred to with the same name.

Fundamental Expression
The simplest expression correlating the three fundamental measures, [ym; =
2951‘tf.

Fundamental Mass

The fundamental mass of the universe distinguishes a specific amount of mass
whereby from a point in space-time additional mass would cause overlapping mass
events that could not be distinguished due to physically significant bounds to the
measure of fundamental units of mass. Understanding and resolving fundamental
mass in turn allows one to solve for all the mass distributions presently understood
only with ACDM.

Fundamental Measure

One of the measures length [, mass my, and time t; along with their correlation
called the fundamental expression. Using measurement data from the Shwartz and
Harris experiments in combination with Heisenberg’s Uncertainty Principle, each
is macroscopically defined and physically significant.
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Informativity Differential

The Informativity differential 2Q n . describes a new form of length contrac-
tion associated with discrete measure. The loss of immeasurable space at each
increment of t¢ describes gravity.

Observational Domains

Fundamental

Describes a mathematical inflection between the observable and the dark.
Visible

Describes that which can and has been observed.

Observable
Describes that which has, can and will be observed given infinite elapsed time.

Unobserved
Describes the difference between the visible and the observable.

Dark
Describes that which can never be observed due to the expansion of space.

Total
Describes the sum of the observable and the dark.

Measurement Distortion
A short-hand notation for the contraction and dilation of measure.

Reference Frames
Reference Framework

This is the framework of the observer where properties of the reference AB are
observed. With respect to the standard understanding, this framework differs only
in that measure is a count function of discrete length measures equal to one.

Measurement Framework

This framework shares properties with the Reference Framework. If BC is char-
acterized as some known count of the reference describing where count properties
of the reference are observed.

Target Framework
This framework is characterized by the property of measure of non-discreteness,
that being the framework of the universe that contains the phenomenon AC.

Self-referencing
An expression defined with respect to the frame of the observer.

Self-defining
An expression defined with respect to the frame of the universe.

System Parameters
Any fixed value associated with a self-defining expression.
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Unity Expression
A self-defining Pythagorean expression with a hypotenuse equal to 1. Often used
specifically with reference to

Appendix BR. List of Appendices: Applications of MQ
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