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Abstract. This paper describes a process which begins by questioning the value of the traditional Planck units as a
reference for nature. It accommodates a cosmological model of the universe which has acceleration as being
fundamental. It provides for an intuitive understanding of the Standard Model and its relationship to particle masses and

the structure of the atom.
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INTRODUCTION

This paper will present a new “more natural”
reference model for integrating General Relativity
(GR) and Quantum Mechanics (QM) by contrasting it
with the development of a reference model based on
the more traditiona Planck units. The new Unit-Of-
Measure (UoM) is based on the non-linear expansion
or acceleration of the universe [1]. It provides a
testable framework for particle mass prediction in
support of the Standard Model.

The fact that the universe is found to be
accelerating indicates that an exponential model which
accommodates this acceleration could be more natural
than the traditional linear model. The key to defining
this new model relies on deriving “unity” as the center
of scales of length, time, mass and charge that are
exponentially expanding.

Grand Unified Theories (GUTs) hold in high
regard the Planck scale for its natural proximity to the
unification energies. This scale is set by simply setting
the fundamental parameters of the velocity of light (c),
Planck’s constant (7), and Newton’s constant (G) to
unity. Planck units are derived by combining powers
of these constants into their dimensions of length (L),
time (T), mass (M), and charge (Q). In terms of space-
time, it seems to identify a possible lower limit to the
length scale at one unit Planck length (Lp).
Cosmological models logically define an upper limit
based on the age and extent of the universe. In addition
to an upper and lower limit (e.g. infinity &) and
zero=1/¥ respectively), an exponential model should

identify a center (unity) in order to be well defined. In
physics the upper limit is naturaly thought to be
indicated by the macro world of G and GR. The lower
limit is the micro world of # and QM. Fortunately cis
at home in both the micro and nacro worlds. In the
Planck unit model, the expanse between unity and zero
is where GR and QM require the ‘new physics
beyond the Standard Model (SM). As a reference
model for scaling the universe it offers no direct
prescription for phenomena associated with atomic
scales; therefore, using Planck units as a reference
frame for the ‘center’ of an exponentially scaling
model seems counter-intuitive.

A new model is offered that uses this same general
approach in defining natural dimensions but with
interesting results achieved by associating with it two
more fundamental parameters - the macro Hubble (H)
and the micro fine gructure @). This approach does
not detract from the significance of the Planck scale
and its associated theoretical frameworks; however, it
adds a point of view that puts it properly at the micro
edge of an accelerating universal expansion.

DEFINING THENEW MODEL

Except for the so called “Hubble constant”, these
parameters are typically thought to be truly constant. A
new model based on an accelerating universe is
achieved by considering that all of these fundamental
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parameters vary with time.! It is also necessary to
redefine the relationships between the measurable
aspects or dimensions of our reality; namely those of
L, T,M,and Q.

Relating Length to Time

In Planck units, ¢ sets up the relationship between
space and time by being driven to an effective
dimensionless unity. This is done by setting Lp to be
traversed by a photon in one unit Planck time (Tp) or
(Lp=CTp).

This concept of using c to drive the relationship of
space and time is also used in the new model with the
difference focusing on the fact that the universe is
found to be accelerating. The new model normalizes ¢
and the other fundamental parameters to that
acceleration by defining their magnitudes to be
varying with it. It aso modifies the traditional
understanding of the relationship between the
dimensionality of Land T.

Acceleration becomes the new “dimensionless
unity” in this reference frame and this requires setting
each space dimension (L) to be equivalent to the
square of the time dimension L=T?.

Since c is the indicator for the expansion of space-
time through its integral relationship with the
impedance of free space (Wp), which is also derived
from the permittivity (&) and permeability (my) of free
space, it should be defined as a naturally accelerating
parameter with an equivalence to time in terms of both
magnitude and dimension. Since LT™=T, it can be
directly associated with the age of the universe instead
of dimensionless unity.

Since H is already directly related to the age of the
universe, it can be incorporated into the new model as
well, with:?

4p >c>H =UnitAccelegation
=1DimensionlessUnit @
= 81.9618 Angstroms/ s*
where:

¢=-H :—gleimensionEssUnit )

! Based on principle, the ability to measure a synchronous time
variation of multiple fundamental constantsis problematic, if not
impossible. It can be shown that the time variation per unit time
would be 1 partin a®=1.2436x10".

2 Thisisan explicit acceleration in terms of dimension and does not
rely on the modified relationship between length and time.

Relating Length to Mass

Typically, equating dimensions of massto length in
Planck units uses the QM based Compton Effect.
Setting # (or h) and c to dimensionless unity
effectively associates a Compton (wave) length to be
the inverse of mass (L=M ™). The association of length
to mass could also be accomplished in GR by
associating mass to its gravitational radius, although
this method establishes (L=M) at odds with the
Compton method. While this GR approach removes
the dimensionality of G, it leaves a dimensionality to
# of L2, which is used by Veneziano [2] to link GR to
M-Theory by setting # to the square of Planck (string)
Length (7= 1p%).

The new model also uses Compton in setting the
magnitude of # equa to c, while giving significantly
different results due to ¢ being associated with time
and not dimensionless unity. This begs the question of
whether to simply take the Compton Effect as nature’s
indicator of the dimensiona relationship between
length and mass. Compton relates mass to a 1D
wavelength. In 4D GR spacetime, the inter-
relationship between mass and gravity is spherically
symmetric. The ability to ink GR and QM in an
intuitive way becomes problematic.

A more natural alternative to rationalizing this
problem is offered. The Compton Effect is the
indicator of the interdependence between a particle’s
rest mass and the corresponding quantized wavelength
and angle of its emissions. It is merely one aspect of
how mass relates to length given the wave-particle
duality of nature. It is reasonable to understand a
particle’s rest mass in terms of both its linear wave-
like property and a spherically symmetric compression
(deceleration) of space for some period of time. That is
M=L3T1=T%. This implies that the transformation of
GR space-time into a particle’s rest mass is a separate
transformation from that of QM transformations to the
massless photon. Thisidea is the key to particle mass
prediction of the new model.

Since 7 is a quantized angular momentum (mvr or
spin), its particle dimensionality in the new model is
MLAT=T8,

Locking in Magnitude

Completing the minimally constrained definition of
Planck units is easily accomplished by locking in a
specific unit of mass by the free selection of the
magnitude for G=1. For the most part this affords a
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pleasing result. Unfortunately, it also results in a unit
mass that is significantly larger than the particles of
the SM. This large unit mass is rationalized with the
hope that it will be the harbinger of particlesin aGUT.
This indeed may be the case and is not precluded in
the definition of the new model.

Since the new UoM-based model is already
overconstrained, the ad hoc selection of the magnitude
of G is not possible. Given the new relationships
between L, T, and M it is found that G=4pH in terms
of the magnitude and dimension. This requires specific
values for G and H which fortunately predicts (or
retrodicts) them within experimental error! [3],[4].
Specifically:

3
G=66788x10" 1 (3
kg>s
and:
H = 67.1380_tats @)

MegaParsec

Defining Charge

The magnitude and dimensionality for a unit of
charge still needs to be defined explicitly. It has
implications for Quantum Field Theory (QFT) linking
Quantum Electron Dynamics (QED) to Quantum
Chromo Dynamics (QCD), particle mass prediction, as
well as a more general linkage between GR, QM and
M-Theory. Planck units effectively set up charge as a
dimensionless parameter which seems to pale in
comparison to the significant role just described. It sets

&(Q) to the small fraction +/a . Of course, it is also

possible to set e(Q) comfortably to unity and use &
and my to do the work of determining a while keeping
c at unity. This procedure has less insightful
implications for the role Wy plays in modern QM and
GR. Since the dimensionality of M has been redefined
in terms of L and T, an alternate definition to the
dimensionality of Q is offered with possible
implications for particle mass prediction.

Holding W, to dimensionless unity and using the
new model’s dimensional definition for M forces the
magnitude of €(Q)=(4pa)# and Q=M LY2=MT1=T*,
Charge can now be visualized as a measure of the
guantum change in particle mass per unit time. The
significance of an intuitive choice for the magnitude of
the charge’s mass gives a testable prediction for what
may be a particle mass prediction:

Mpaige =47 2UNitLength= 981372 Gev ~ (5)

Particle

and:

o= My |—P2 (6)
e UnitLength

This leaves the possibility of a new interpretation
for the parameter (4pa) traditionally equated in a
Planck unit model to (e) where #=1. This can be
shown to have new more natural relationships in the
definitions of the electro-weak input parameters.

Completing the M odel

It is possible to extend the model even further by
noting that the resulting number of time units is
precisely a®. The exponent seems to support the 8D
time construct found in 7. It implies that fine structure
is a fractional dimension (fractal) of time. Combining
the magnitude and dimension discussions above into a
single equation, gives:

c= h(TB) - 1 - = i = 1 (7)
UnitLengthUnitMass G  4pH

=a *UnitTime = (3/8p) AgeOfUnive se

Notice the inverse relationships between the
fundamental parameters and a more natural connection
between gravitational attraction and Hubble
expansion. The model identifies a very natura unit
length which is very close to twice the circumference
of the Bohr model of the atom (4pag). It offers a unit
mass that may approximate the electron neutrino (he).

CONCLUSION

The new magnitude relations in Table | have been
generated from (7).

TABLE I. NEW to MK S Conversion Table.

NEW Units MK S Units
1UnitTime = 0.294125  Seconds
1 Unit Length = 7.09047 10 °Meters
1UnitMass = 4.96112 10 * Kilograms
1 Unit Charge = 1.49257 10%” Coulombs

This model could be described using terms from
[2] as a “one (not-so) constant (unit) party view”. In
this context, “unit” of course refers to time from which
¢, #, G, H, and a are derived. It seems to restore the
idea of an absolute reference frame for time which is
embedded in the very core of the fundamental
parameters of physics. It helps in understanding “the
arrow of time” and entropy. The universe itself
becomes the clock upon which time can be measured.
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