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Abstract: The natural units of measure lauded by Max Planck more than 100 years ago are rarely used
today. But many physical constants, including Planck’s constant, the gravitational constant, the
speed of light, vacuum permittivity, and vacuum permeability, consist of natural units in their unit
dimensions. The natural units are present in all formulas containing these constants. The defining
characteristic of the natural units is an alignment of unit values at the Planck scale. This alignment
gives a computational basis of proportionality from which the correlated properties and dynamics of
elementary particles, including wavelength, period, mass, momentum, and energy, manifest in equal
or inversely proportional ratios of the Planck scale. These correlations explain many of the defining
equations of quantum mechanics, classical gravity, and electromagnetism.

Keywords: natural units; Planck units; universal constants; correlation; proportionality; unit systems;
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1. Introduction

The present-day International System of Units (SI) defines units of length, mass, and time that
were largely decided centuries ago. Base units of meters, seconds, and kilograms correspond with
everyday physical phenomena, but the magnitudes of these units were selected arbitrarily and not
from fundamental constants of nature. While the choice of units does not affect the underlying physics,
natural units have certain advantages over other unit systems. Max Planck lauded the uniqueness of
these units when he introduced formulas for calculating their values from the universal constants

... it is possible to set up units for length, mass, time and temperature, which are independent
of special bodies or substances, necessarily retaining their meaning for all times and for all
civilizations, including extraterrestrial and non-human ones, which can be called "natural
units of measure."

Planck combined the values and dimensions of ¢, G, and 7 into ratios that isolate each unit
dimension. His approach presumes that the universal constants contain natural units in their compound
unit dimensions [2]. This is why the universal constants can be expressed in natural units as [3-7]

lp

¢ == =2997924x 108 m/s. (1)
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Because the natural units are calculated from ratios of the three universal constants, their precision
is limited by the precision of G which has a relative standard uncertainty of 2.2 x 10~ [8,9]. However,
the intensive ratios of certain unit pairs, such as Planck length to Planck time, have been measured
with much greater precision [10,11]. The advantage of working in natural units is the correlations they
reveal and not their utility in everyday experiments.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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1.1. The natural unit scale

The characteristic feature of natural units is the alignment of unit values at the Planck scale. Each
unit dimension has a value of 1 and asymptotically approaches a limit of zero or infinity. Unit
dimensions of length and time have minimum values of 1 and maximum values approaching infinity.
With respect to discrete quanta, unit dimensions of mass and charge have maximum values of 1 and
minimum values approaching zero [12-14]. Figure 1 illustrates this natural structure.
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Figure 1. Unit dimensions have a defined limit at one end of the scale and asymptotically approach
limits of zero or infinity at the opposite end. Mass and charge are inversely proportional to length and

1 Natural Units
n 1 n

»
ld

time.

The Planck scale acts as a basis of proportionality for quantifying physical phenomena in natural
units. For certain correlated pairs, a quantity of length or time n on the right side of the scale
corresponds with an inversely proportional quantity 1/n on the left side. An example of this natural
structure is the relationship between the electron mass and Compton wavelength. In SI units, the
electron has a rest mass of 9.109 x 103! kg and a reduced Compton wavelength of 3.862 x 107 m
Restating these quantities in natural units shows that the two electron properties are inversely
proportional. The number of natural length units is determined by the ratio

Ac  3.861593x107 % m

= = = 2.389 222 x 10 4
lp 1.616 255 x 10°35 m @
and the natural unit value of the electron’s mass is
mo 9.109 384 x 1073 kg 1
Mo _ = %)

mp 2.176 434 x 10798 kg 2.389 222 x 1022

The natural structure shown in Figure 1 produces proportionally meaningful insights by setting
the Planck units—and certain collections of Planck units such as the universal constants—equal to 1.
However, the occasional practice of setting universal constants equal to 1 gives an opaque view of this
natural structure compared to the clarity obtained by stating the universal constants in natural units.
These insights are presented in the following sections.

The relationship between electron mass and wavelength, and many similar correlations found in
nature, are poorly understood today because of the incongruence between SI unit values and natural
units. Figure 2 illustrates this misalignment. In the figure, limits of mass and charge pertain to discrete
quanta and not to large-scale systems.
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Figure 2. SI units of meter, kilogram, second, and coulomb are incongruent with the natural unit scale.
Natural units of length, mass, time, and electric charge coincide at the Planck scale where each unit has a
value of 1.

SI units of meter, second, kilogram, and coulomb obfuscate natural correlations that become
evident when equations are stated in natural units. The following sections demonstrate these
correlations and highlight the crucial role of natural units in the equations.

2. The laws of physics in natural units

The universal constants appear in many equations that describe the elementary structures of
nature. Their contributions to the formulas include a single value and multiple unit dimensions—two,
four, and six unit dimensions for ¢, 71, and G respectively. An impressive quality of the universal
constants is that they consistently satisfy the following two requirements:

1. Formulas with universal constants produce the correct unit dimensions of the physical

phenomenon you are solving for (i.e. momentum, energy, force, etc.)
2. The formulas produce the correct magnitude of the phenomenon from the given inputs.

Planck’s constant appears regularly in formulas describing the quantized behavior of matter
and radiation, correctly predicting the mechanical properties and dynamics of elementary particles.
Evaluating the formulas in each unit dimension reveals the role of natural units in the mathematical
transformations. For example, the de Broglie wavelength formula combines Planck’s constant with
inputs of mass and velocity (inputs are highlighted in red)

A=—. (6)
my

The first requirement of the function is to reduce seven unit dimensions to one

_ML2 T
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Three unit dimensions in the numerator and three in the denominator reduce the dimensionality
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The second requirement of the function is to obtain the correct magnitude of wavelength from the
given inputs. Restating Equation 6 in natural units accounts for the mathematical transformation in
each unit dimension and shows how formula inputs produce the corresponding magnitude of particle
wavelength

h Ilpmpc m c
Lo Lemp =(—ﬂ)ﬁjb @)
movy moy my v

The physical meaning of the dimensionless ratios in Equation 7 is evaluated throughout this study.
For now, we can summarize the role of natural units in quantifying the de Broglie wavelength in two
parts:

1. The Planck length serves as a minimum limit or computational basis from which observable

quantities of wavelength are calculated.
2. A matter particle’s inverse-reduced wavelength is the same ratio of the Planck scale as its
momentum.

Rearranging Equation 7 as an equality emphasizes the second point

a mp\ (c
i~ (o) 6 ?
The natural structure of Equation 8 explains why the formula produces a proportionally significant

result. This structure allows the discovery of one attribute or dynamic from a known quantity of a
correlated attribute or dynamic. Another example of this natural structure is the formula for photon

energy
_ he _ lePcz _ lp
E=7="2 _(A)E” ®
Arranging the natural unit formula as an equality shows why the formula works
lp E
p_ £ 1
1" & (10)

The natural unit formulas demonstrate that the reason we can calculate a photon’s energy from its
wavelength is because the ratio of Planck length to reduced wavelength is equal to the ratio of energy
to Planck energy.

Figure 3. The physical properties and dynamics of elementary particles are correlated.

These equalities suggest that the function of universal constants is to inject natural units into the
formulas to exploit correlations between the physical properties and dynamics of elementary particles
and systems. It is not simply that photon momentum and energy are proportional to Planck’s constant.
Rather, the momentum and energy of a photon are proportional to the Planck momentum and Planck
energy. This pattern consistently explains the correlations, constants, and equations.

Tables 1, 7, and 9 present natural unit formulas and equalities for several defining equations
of quantum mechanics, classical gravity, and electromagnetism. The natural unit formulas are
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computationally equivalent to the standard formulas within the limits of their measured uncertainties,
and they reveal the natural structure underpinning the mathematics.

Table 1. Correlations in the attributes and dynamics of physical phenomena explain how the equations
of physics produce proportionally significant results.

Physical Phenomenon Standard Formula Equality Natural Unit Formula
A T T
Photon wavelength 1=5 —_=— A= (_) Ip
f lp tp tp
A T A A
Photon period T=-— —_—=— T=(—]|tp
c tp Ip lp
h [ l
Momentum pP=7 71) = ml;c p= (713) mpc
h [ E l
Photon energy E = TC 7P = s E = (713) Ep
Compton wavelength A h lp _ moc Ao = (22 (C) /
P 8 C_moc Ac  mpc €~ mg | \c P
. h lp  mgv mp\ (¢
de Broglie wavelength A= — = = 1=— (_) Ip
mov A mpc mgy ) \v

[p =PlanckTength T mp =Planck mass T 7p = Plancktime T Ep = Planck energy

An important benefit of the natural unit formulas in Tables 1, 7, and 9 is that they characterize the
physical properties of natural phenomena in unit dimensions of length, mass, and time. For example,
the Planck energy can be characterized by a Planck-length photon moving at the speed of light.

2.1. Independent units of measure

The ratio of photon wavelength to Planck length produces a dimensionless number of natural
length units when the wavelength and Planck length are both quantified in meters. To retain the
dimensionality of these natural quantities, it is the practice throughout this study to label such
quantities using the dimensional notation L, M, and T for natural units of length, mass, and time; and
the symbol Q for natural units of electric charge.

Natural unit quantities of length and time appear regularly in the formulas in Tables 1,7, and 9.
For example, the relationship between a photon’s wavelength, oscillation period, and frequency is
given by

A==l (11)

Restating ¢ in natural units produces natural unit equations for wavelength and period

A= (1) Ip (12)
tp
and
T= (i) p. (13)
lp

Equation 12 finds the photon’s wavelength by determining the equivalent number of natural time
units and multiplying this by a single unit of length. Equation 13 similarly finds the photon period
from the number of natural length units. The two formulas may be summarized by the equality
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e (14)

While the speed of light is an intensive ratio that can be stated equivalently at different length
and time scales (including meters per second), the natural units produce a unique quantity of photon
wavelength and period that remains the same in any unit system. This is because natural unit values of
length and time are produced from SI unit ratios. Changing the unit scale would change the nominal
values, but the ratios would remain the same.

This independence of natural units from arbitrary unit systems is evident in the properties of a
specific photon. The unperturbed ground-state hyperfine transition frequency of cesium 133 produces
a specific amount of radiation that is used in the SI definitions of the second, meter, and kilogram [15].
The photon has an oscillation period measured in seconds of

1 1
T === = 1.087 827 757 x 1071° 15
7 T 9,192,631,770 Hz S (15)
which can be stated in natural time units as
-10
T LO87827X107 s _ ) 17767 x 10 T. (16)
tp 5391247 x 104 s
The photon also has a wavelength in meters
c 299,792,458 m/s
= = .0326122 17
Aves - 9,192,631, 770 gz 002612256 m 17)
which can be stated in natural length units as
A WB26122m 67107 L (18)

lp 1.616 255 x 10-3 m

If we were to redefine the meter as precisely one-half of its present-day value, we would measure
the photon wavelength to be twice its current nominal value, or 0.065 m’. We would also measure the
speed of light as approximately 600,000,000 m’/s and the Planck length as 3.232 x 107 m’. So the
natural unit value of the hyperfine transition frequency radiation would remain the same

0.065 m’

- _2017767x10® L. (19)
3.232 x 10735 m’

The natural length and time units in Equations 16 and 18 are the natural units of measure Planck
referred to which retain their meaning for all times and all civilizations including extraterrestrial
and non-human ones. An alien civilization is unlikely to quantify length and time in units equivalent
to meters and seconds, but any unit system they devise will produce the same natural unit value of
wavelength and oscillation period for the hyperfine transition frequency of cesium 133.

Figure 4 illustrates the alignment of length and time units at the Planck scale, and the relationship
between SI and natural units.
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Figure 4. Natural unit measures of photon wavelength and period are equivalent. These values are
independent of unit system.

The Planck scale is at the left of the figure, where natural units of length and time are equal to one.
The speed of light is a 1:1 ratio between length and time units and may be represented anywhere in
the figure by a vertical line.

The figure shows the relationship between the hyperfine transition radiation and the second which
it defines. The unit definition is a precise integer multiple of the photon oscillation cycle and has the
identity
a 1s
~9,192,631,770 Hz

The meter is defined as a fraction of the distance that light travels in a vacuum over one second.
Taking the defined value of the second, the meter is precisely 1/299,792,458 the distance light travels
in this time. The meter has the identity

1s

x 9,192,631,770 Hz (20)

1

1m =299,792,458 m/s x s
3.335 640 95 x 102

(21)

The natural unit value 2.018 x 103 is an invariant measure of the photon wavelength and period.
It is the same value regardless of how we define units of length and time.

2.2. Arbitrary unit systems

The natural unit formulas in Tables 1, 7, and 9 demonstrate that the equations of physics are based
on correlations between the physical properties and dynamics of elementary particles and fields, and
not on the unit system or nominal values of measurement. Changing the unit scale will change the
measured values in that scale, including the universal constants, but the equations will remain the
same.

For example, one insightful unit system we could devise would retain current definitions of the
meter and kilogram but redefine a unit of time s’ as the time required for light to travel one meter. A
unit of time s” would be precisely 1/299, 792, 458 times one second, and the revised Planck time would
be

tp=1616x107 . (22)
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All three universal constants include at least one natural unit of time and would be re-quantified

using t,
¢ = I7P = 1m/s’ (23)
tP
l
G = 22 =7426x108 m®/kgs? (24)
mp
n' = lpmpc’ = 3518 %107 kgm?/s’ (25)

This hypothetical unit system highlights the one-to-one ratio between length and time units at the
speed of light, and states all quantities of velocity as a fraction of the speed limit. Furthermore, in this
unit system, the Planck constant and gravitational constant are equal to the product and quotient of
natural length and time units, respectively.

The important takeaway is that measuring natural phenomena with the new time unit s and
using the revised universal constants will produce the same results. The oscillation period of Avc; in

this system would be

=22 03261 s (26)

’

and the number of natural time units in the hyperfine transition frequency would still be

T
— =2.017 767 x 10 T. (27)

'

~

The physical meaning of the universal constants is not found in the values acquired from a
particular unit system, but from correlations of natural phenomena that remain constant in any unit
system. A better understanding of the equations follows from a better understanding of the correlations
driving the mathematical machinery.

2.3. The kilogram

The 2019 redefinition of SI base units changed the kilogram definition from a physical artifact
to a relationship among three physical constants 7, ¢, and Avc, [15]. The new standard is sometimes
referred to as the quantum kilo because it defines a standard unit of mass in relation to Planck’s constant.
Instrumental in the new kilogram definition is a quantity of mass produced by the ratio of hyperfine
transition radiation energy

E = hAveg = 6.091 102 297 x 1072 kgm?/s* (28)

and the speed of light squared

hAvCS
2

=6.777 265312 x 1074 kg. (29)
C

The kilogram is defined by the identity between this exactly defined mass and its reciprocal
lkg = 6.777 265 312 x 107! kg x 1.475 521 400 x 10, (30)

It is the modern practice to define units of measure in relation to physical constants, while
the experimental realization of those units may be achieved using measurable applications of those
constants. The kilogram is therefore measured experimentally using the Kibble balance and not by
measuring the hyperfine transition radiation [16].


https://doi.org/10.20944/preprints202309.0953.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 September 2023 doi:10.20944/preprints202309.0953.v1

9 of 29

Of paramount importance to our understanding of equation 29 and the quantum kilo definition is
whether a compound dimensional phenomenon such as energy has characteristic quantities in each of
its unit dimensions

E =ML*T 2.

If so, the photon has only one unit dimension, M, to account for changes in energy as the photon
wavelength changes. This form of electromagnetic mass-energy equivalence was introduced by Henri
Poincare in his 1900 article La theorie de Lorentz et le Principe de reaction, in which he uses the relation
m = E /c? to account for the recoil of a Hertzian oscillator [17,18]. This description of electromagnetic
mass, or inertial mass, lost favor to a more abstract representation that does not endeavor to explain the
presence of mass in unit dimensions of photon energy. Nor does it reconcile incompatible conceptual
descriptions of classical and quantum mechanical momentum.

The natural unit structure of the formulas provides evidence in favor of Poincare’s view. In the
case of the hyperfine transition frequency, the photon’s inertial mass m in natural units is

m 6.777 265 x 1074 kg 1
— = = M (31)
mp  2176434x108 kg  3.211 375 x 1032

which is inversely proportional to the photon’s reduced wavelength 1 and angular period .
Furthermore, the wavelength, inertial mass, and period are each proportional or inversely proportional
to the photon energy

lp
A mp T Ep 3211375x10%
Equation 32 explains why Planck’s constant is 27 larger than the reduced Planck constant. Because
the inverse mass and energy are equal to the reduced wavelength and period in natural units, the

mo_ tp E 1 (32)

constant 2 is included in & to reduce A and T
h=2rh=2nlpmpc. (33)

Table 2 lists the SI and natural unit values of the wavelength, inertial mass, oscillation period,
and energy of radiation produced by the unperturbed ground-state hyperfine transition frequency of
cesium 133.

Table 2. Properties and dynamics of the hyperfine transition radiation, which defines the units of
meter, second, and kilogram, are shown in SI and natural units. Natural unit values indicate that these
quantities are proportional or inversely proportional to each other.

Units a m T E

SI meters kilograms seconds Joules
5.190401702x 1073 6.777265312x 10741 1.731331647x 10711 6.091 102 297 x 10-2*

Natural length (L) mass (M) time (T) energy (ML?T~2)
1 1

3.211 375 x 1032 - — 3.211 375 x 1032 e —
3.211 375 x 1032 3.211 375 x 1032

The natural unit values in Table 2 demonstrate the highly correlated properties and dynamics of
radiation. Dimensionally, the hyperfine transition frequency energy can be stated as

32 32
1 3.211375x 10 lp)(3.211 375x10%2 Ip) _ 1 Ep  (34)

E = =
3.211 375 x 10%2 e 3.211375%x 1032 tp ) \3.211 375 x 1032 1p 3.211 375 x 10%2

Figure 5 illustrates the correlated photon properties on the natural scale with Poincare’s inertial
mass E /c? in unit dimension M.
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Figure 5. The hyperfine transition radiation has a quantity of mass that is inversely proportional to
its wavelength and period in natural units. This quantity is instrumental in the SI definition of the
kilogram.

The hyperfine transition frequency counts the oscillations of a photon with a reduced wavelength
and angular period of 3.211 375 x 10%2 natural length and time units, shown in unit dimensions of
length and time in the figure. The photon’s reduced wavelength produces an inversely proportional
quantity of inertial mass 1/3.211 375 x 10%2 natural mass units shown in unit dimensions of mass in the
figure.

The wavelength, period, and inertial mass of a photon are limited by the Planck scale; and one
kilogram exceeds this limit by a multiple of 1/mp. Therefore, the kilogram definition, based on the
hyperfine transition radiation, takes the product of the photon’s inertial mass 3.113 x 10~ and the
ratio of 1 kilogram to Planck mass 2.176 x 10~8. This is expressed in equations as

hAVC_Y _ lpmpc

2 - 2 Aves (35)
= mptpAvcs (36)
- (’;)mp (37)
= (3114 x107%) x (2.176 x 1078 kg) (38)
= 6.777 265 x 107! kg. (39)

The defined values of , ¢ and Av¢, give a precise definition of the kilogram, whereas individual
Planck units are less precise. But it is the natural correlations between photon wavelength, inertial
mass, and oscillation period that relate SI units of meter, second, and kilogram in the SI definitions.
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3. Correlations of matter

The correlated photon properties characterized in natural units are simple and symmetrical;
a single ratio quantifies a photon’s wavelength, period, inertial mass, and energy. The quantum
mechanical properties of matter are also highly correlated but not as symmetrical as those of radiation.
Like the photon correlations, these correlations become clearer in natural units.

3.1. Rest mass

The reduced Compton wavelength of a matter particle is inversely proportional to its rest mass,
as evidenced by the Compton wavelength formula [19-21]

h [
/TC = —= —PmPﬂ( = (—mP) lp. (40)
moc mog mo

The formula gives an equality between length and mass

Ip _mo (41)
/TC mp

In the language of natural units, the inverse-reduced Compton wavelength is equal to the natural
unit quantity of rest mass. At the Planck scale, Equation 41 states that a reduced Compton wavelength
of one Planck length would produce a rest mass of one Planck mass.

The relationship between rest mass and Compton wavelength is shown in Table 3 using the
current values of the charged leptons.

Table 3. The product of the Compton wavelength and rest mass is equal to the product of Planck length
and Planck mass. The inversely proportional relationship between wavelength and mass is shown in
SI and natural units.

m
Lepton Ac mg Acmg lpmp £ =
Ac mp
m kg kgm kgm L M

e 3862x1071 9109%x1073! 3518x107% 3518x107%° 4.186x10723 4.186x 1023
g 1868x10715  1.884x10728 3518x10%% 3518x10°% 8.654x10721  8.654 x 10 2L
T 1110x10710  3168x107%7 3518x107% 3518x10% 1455x10°1° 1.455x10°19

lp = Planck length | mp = Planck mass

The inversely proportional relationship gives a constant product of Compton wavelength and
rest mass, which is equal to the product of Planck length and Planck mass

Acmg = lpmp = 3517673 x 107 kgm. (42)

The constant /pmp is equal to the ratio of two universal constants with defined SI values and
thereby inherits a defined value in SI units

h
lpmp = — = 35176729418 x 10™% kgm. (43)
Furthermore, the correlation between rest mass and Compton wavelength is so strong that the

electron mass and Compton wavelength produce Planck’s constant with a precision comparable to
measurements performed with the Kibble balance [11]

h = Acmoe = 1.054 571 8176 x 107>* kgm?/s. (44)
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Figure 6 illustrates the alignment of length and mass units at the Planck scale and the inversely
proportional relationship between the reduced Compton wavelength and rest mass of the charged

leptons.
1020 100 1 107 1020
o pfgoopopaodogpugn
1
! i
2.39 x 102 ] 2.39 x 102
¢ —————————— -—- | +
i i
116 x 10%° i 116 x 1022
e e >
1 i
6.87 x 10 ! 6.87 x 1022
L e >
1
m, : | |rest-uced wavelength | A,
!
e ut L e

Figure 6. The inversely proportional relationship between Compton wavelength and rest mass is
shown for the charged leptons.

The reduced Compton wavelengths for the electron, muon, and tau particles are plotted in
the length dimension, with longer wavelengths extending further to the right. The corresponding,
inversely proportional rest masses are shown in the unit dimension of mass, with rest mass decreasing
further to the left.

3.2. Momentum

While the Compton wavelength is inversely proportional to the rest mass of a matter particle, the
de Broglie wavelength is inversely proportional to its momentum. The physical meaning of the two
wavelengths characterizing a single particle may become clear in time and with further investigation;
however, the mathematical relationships—the correlations in these particle attributes—are etched into
the equations.

The de Broglie hypothesis presumes the equivalence of classical and quantum mechanical
momentum [22], relating the two formulas by

n
=mopy = — 45
p=moyv =~ (45)
where 1 denotes the reduced de Broglie wavelength. The natural structure that makes this statement
true is found in the unit dimensions of the equality. Stating Planck’s constant in natural units yields

lpmpC

3 (46)

mov =

which can be arranged into a dimensionless equality

(m) (2)=L2. 47)

mp) \c a
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The corresponding natural unit equation for the de Broglie wavelength is
1= (@) (f)zp. (48)
mo | \v

A consequence of the de Broglie hypothesis is that we can determine a quantum mechanical
property of matter by making a classical observation. Given a particle’s rest mass and by measuring its
velocity, we can determine the particle’s de Broglie wavelength.

However, Equation 48 is not the only way to represent the de Broglie wavelength. Evaluating the
Compton and de Broglie wavelength formulas 40 and 48 in their standard form or in natural units

shows that N
C 1%
ez 4
e (49)
Furthermore, the two equalities 41 and 49 give the following combined relationship
ny 1% _ I P /TC _ l P
(mp)(c)‘(zc)(z)‘ a 0)

Therefore, it is mathematically equivalent, according to de Broglie’s conjecture, to state the

momentum of a matter particle as

p:(%)mpc:; (51)

DeBroglie’s hypothesis suggests that classical momentum may simply be a convenient way of
quantifying the wavelengths of constituent matter particles in a classical system. Given Equation 49,
the role of velocity in classical momentum may be to quantify a particle’s inertial mass—the Poincare
mass—f{rom a proportional quantity of rest mass. With this assumption, the energy-momentum
relation gives a vector sum of the two masses where m = p/c

E = ,/m% +m2 2 (52)

Table 4 compares the physical properties of the three charged leptons and a photon when the
wavelength of each particle is equal to the wavelength of Avc.

Table 4. Particle wavelength gives a single, consistent description of momentum for matter and

radiation.

Particle a Y Y m Wavelength Inertial mass

h h P Ip m

e h o r P m

mov a 0 c a mp

m kgm/s kgm/s kg Ll M
e  5190x1073 2.032 % 10732 2.032 % 10732 6.777 x 10741 3.114 x 10733 3.114 x 10733
u 5190 x 1073 2.032 x 10732 2.032 x 10732 6.777 x 10741 3.114x 10733 3.114x 1073
T 5190x1073 2.032 % 10732 2.032 % 10732 6.777 x 10741 3.114 x 1073 3.114x 1073
¥ 5190 x 1073 2.032 x 10732 — 6.777 x 10741 3.114x 10733 3.114x 10733

lp = Planck length | mp = Planck mass

As shown in the table, the momentum of all four particles is the same when the particles have the
same wavelength; this is true regardless of whether a particle has rest mass or whether its velocity is
constant. The quantum mechanical momentum formula and description apply equally to quanta of
matter and radiation, whereas the classical formula only describes matter.
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The concept of inertial mass provides a general statement about the relationship between mass
and wavelength, which is rooted in the natural unit formulas, and gives a consistent account of the
transformations in each unit dimension. It explains how momentum is a single, consistent phenomenon
for matter and radiation and suggests that classical and quantum mechanical formulas describe the
same underlying physical structure.

Perhaps the most compelling evidence for the Poincare view is that it shows how classical and
quantum mechanical energy are the same phenomenon—each one a function of particle frequency. By
treating one of the velocity terms in the classical kinetic energy formula as a proportional substitute for
quantifying the de Broglie wavelength, we remove the redundancy of a second velocity term. This
gives a product of de Broglie wavelength and velocity that is equal to the frequency or inverse period
of the matter particle.

3.3. Correlated mechanics

Irrespective of one’s view on the Poincare mass, correlations appear in classical and quantum
mechanical formulas that are not contingent on whether the formulas are written in natural units or
universal constants. Figure 7 illustrates these correlations, and Tables 5 and 6 show the relationships
under two scenarios.

lim 1 lim
x-0 X—00

| 'mass |1 reduced wavelength
A
inertial rest Compton de Broglie
mass mass wavelength wavelength dt

‘ ’ )

| angular period

oscillation
period

Figure 7. Physical attributes of matter particles are highly correlated. The ratio of Compton wavelength
to de Broglie wavelength explains correlations in the wavelength, mass, period, velocity, and energy of
matter particles.

Changes in the inertial mass and velocity of a matter particle are proportional to the ratio of
Compton wavelength to de Broglie wavelength. The two wavelengths converge at the non-relativistic
limit of the particle’s velocity, the speed of light. At this limit, the non-relativistic energy E = moc? is
equal to the energy of a photon with the same wavelength.

As the de Broglie wavelength increases with respect to the Compton wavelength, inertial mass
and velocity decrease in equal proportions. For example, a matter particle with a de Broglie wavelength
that is three times the Compton wavelength has one-third the inertial mass and its velocity is one-third
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the speed of light. The combined result is a 9x increase in the oscillation period and a 9x decrease in the
kinetic energy. The following two expressions quantify the combined change in kinetic energy

= (53)

c2

[)2) e

Tables 5 and 6 demonstrate these correlated mechanics under two scenarios. The first scenario is
the electron state illustrated in Figure 7, where the de Broglie wavelength is three times the Compton
wavelength. The second scenario is the electron ground state in which the de Broglie wavelength is
equal to the Compton wavelength divided by the fine-structure constant. Table 6 approximates this
ratio as 1/137.

and

Table 5. Physical properties and dynamics of three electron states are shown in the table. In each
scenario, the ratio of Compton wavelength to de Broglie wavelength quantifies the correlations.

Scenario a m y T w Ey
m kg m/s K Hz eV

A= 3862x10713  9109x10731 299,792,458 1.288x1072!  7.763x10%0 255,499
A=3x1c 1158x10712  3.036x1073L 99,930,819  1.159x10720  8.626x10Y 28,389
A=Ac+a 5292x100H  6.647x1073 2,187,691 2419x107Y 4134 x10%° 13.61

1 =reduced de Broglie wavelength T m =inertial mass = p/c T 7 = angular period

Table 6. Correlations in the physical properties and dynamics of matter are shown for the electron

states in Table 5. The ratio of Compton wavelength to de Broglie wavelength quantifies the correlations.

. /1(‘ m

Scenario — —_—

a mg
1 1 1 1 1 1
A=3x1c 3 3 3 ? 5 9 18
1 1 1 1 1 1

A=137x — — — 137)2
A 137 137 137 (137) (137)2 (137)2 2% (137)2

A =reduced de Broglie wavelength T m =inertial mass = p/c T 7¢ = Compton wavelength angular period T 7 =de

Broglie wavelength angular period | wc = Compton wavelength angular frequency

4. Classical gravity in natural units

The correlations examined thus far pertain to the quantum mechanical properties of matter
and radiation, including large-scale manifestations of quantum attributes in classical systems. An
investigation into the natural unit structure of the gravitational constant and the equations of
classical gravity reveal similar correlations between the physical attributes of massive bodies and the
gravitational field. In these formulas, the Planck scale plays a pivotal role in quantifying gravity.

The classical two-body gravity formulas stated in natural units show that G can be characterized
in two parts:

1. Theratio Ip/mp gives a Planck scale basis of proportionality for quantifying the gravitational
field generated by mass M and distance r.

2. The quantity ¢? included in the gravitational constant is the computational basis for stating
gravitational field potentials in terms of the momentum and velocity of a test particle or second
body.
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Figure 8. The gravitational constant is the ratio of Planck length to Planck mass and the speed of light
squared.

Beneath the compound unit dimensions of G, the classical formulas compare a body’s mass and
radius with the Planck scale basis of Planck mass and Planck length. Two signature inputs into the
formulas—mass in the numerator and radius in the denominator—produce a dimensionless ratio

r M (55)

r mp
which is the correct ratio for quantifying gravitational field strength on a scale of 0 to 1, where 1
represents the Planck scale. This quantity of radial density provides the definition of the Schwarzschild
radius and appears in each of the classical gravity formulas shown in Table 7.

Table 7. The ratio between a massive body’s radial density and the ratio of Planck length to Planck
mass (highlighted in orange) determines the gravitational field strength at distance r.

Physical Phenomenon  Standard Formula Equality Natural Unit Formula
2GM l M
Schwarzschild radius R = PR Rg=2—Ip
C2 RS M mp
2GM lp M lp M
Escape velocity Ve = — Ye _ 2[£7] ve = =12 | 2| ¢
r c r mp r mp
GM Ip M |l Ip M ||l
Gravitational acceleration g=-— - —[£ — (i) g=-|L2—= (ﬂ) ap
r ap rmp|\r rmp|\r
GM U Ip M lp M
Gravitational potential energy U=- n — = |2 (ﬂ) v=-|22 (ﬂ) Ep
r Ep r mp|\mp r mp | \mp
M F Ip M |]|1 lp M ||l
Gravitational force F = G 5 m — = |22 i] S L B L iy O
r Fp r mp||lr mp r mp r mp

[p =PlanckIength T mp =Planckmass T Ep =Planckenergy T Fp =Planckforce T ap =Planck acceleration

Similar to the quantum mechanical formulas in Table 1, classical gravity equations are
characterized by equalities between the physical attributes of the system and the phenomena they

induce.
The formulas suggest that /p /mp quantifies a lower boundary on the possible values of radius for

a given quantity of mass. This relationship is true whether the formulas are written with G or natural
units. The classical Schwarzschild radius formula stated in natural units is

M
Ry =2G— (56)
C

(57)

=2 (ﬂ) Ip. (58)
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Rearranging 58 defines the Schwarzschild radius as one-half of the density limit
Ip M 1
i 59
R smp 2 ( )

Equation 59 reflects a known property of black holes. Because the relationship between the
Schwarzschild radius and mass is constant, the volumetric density of a black hole decreases as its
radius increases. Although the formula does not indicate how the mass of a black hole is distributed, it
is consistent with the view that black holes are not singularities.

The equalities in Table 7 show that gravitational potentials are proportional to the natural unit
limit regardless of whether the body is a black hole. For example, the escape velocities of the Earth
and Sun are proportional to the ratio of their mass and radius to /p/mp.

Table 8 compares the radial densities of several massive bodies, each stated in terms of the
Schwarzschild radius, or twice the natural unit limit. Ratios for black holes were calculated using the
Schwarzschild radius formula, while the ratios of other bodies were calculated using recent values of
mass and radius [23-28].

Table 8. The ratio between a massive body’s real or hypothetical Schwarzschild radius and surface R

quantifies its gravitational field. The table compares this ratio for several classes of massive bodies.

Massive Body
L M L'M
Sagittarius A* Supermassive black hole 1.317 x107% 3.795 x 10+ 1.000
GRO J1655-40 Steller mass black hole 1.031 x107%° 4.851 x 10% 1.000
4U 1820-30 Neutron star 1.776 x 1073° 1.444 x 1038 0.513
Sirius B White dwarf star 2.764 x 10742 9.447 x 10%7 5222 x 107
Sun Yellow dwarf star 2.322x 107 9.136 x 10%7 4.242 x 1076
Earth Planet 2.537 x 10742 2.744 x 1032 1.392 x107°

[p =Tlancklengih T mp =T'lanck mass

A simple way to understand the ratio in the last column is to consider that each body’s mass
is constant. For the given mass of each body, the radial density ratio is equal to the ratio of the
Schwarzschild radius to the surface radius. For example, multiplying Earth’s radius by twice its radial
density ratio in Table 8 produces the Schwarzschild radius

(6,371,000 m) x (1.39229 x 10~%) = .008 870 m. (60)

The radial density ratio accounts for both the size and density of the massive body. While the
Earth and Sun have similar volumetric densities, the Sun’s radial density ratio is about four orders
of magnitude larger. The larger radius of the Sun gives it a larger surface area and greater volume
accommodating more mass per unit of radial distance than the Earth.

Perhaps the most interesting insights gained from the natural unit formulas are descriptions of
how the gravitational field is related to the mechanical properties induced on a second body. One such
example is gravitational potential energy. Setting the energy potential equal to the kinetic energy of a
second body gives

[l—Pﬂ mc? = 1mv2 (61)
r mp 2
where v is equal to the escape velocity. At the Schwarzschild radius, the potential energy is Ysmc?
and decreases with distance. Simplifying Equation 61 provides an insightful relationship between the
radial density of a first body and the momentum and velocity of a second body
lp M v2
T mp

2 = (62)

2’
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Figure 9 illustrates the relationship between natural units of radius and mass for the massive

bodies in Table 8.
103° 1040 10%°
T T e T
radiuSRR [ /’({

Ay
P

7
Sun // ’ GRO J1655-40

Yellow dwarf Stellar mass BH . .
Earth wan Sagittarius A*

Planet Sirius B 415 1820-30 Supermassive mass BH
White dwarf

Neutron Star

Figure 9. The mass and radius of several massive bodies are plotted in natural units (not plotted to
scale). The Schwarzschild radius is the distance at which the number of natural length units is twice
the number of natural mass units.

The mass and radius of each body are plotted in natural units and normalized to a Schwarzschild
radius value of one. The slope of each line represents the ratio between the body’s mass and radius in
natural units. Black holes have a vertical line between their mass and radius, and the slope decreases
as the radius of the body increases with respect to mass. More massive bodies appear further to the
right of the illustration.

Different classes of massive bodies appear in different colors: black holes are shown in black, a
neutron star in gray, dwarf stars in yellow, and planet Earth in blue.

5. Electromagnetism

The same natural structure underlying quantum mechanics and classical gravity is also found
in the constants and equations of electromagnetism. Electromagnetic phenomena include a unit
dimension of electric charge that aligns with unit dimensions of length, mass, and time at the Planck
scale. The ratio between electric charge and Planck charge plays a pivotal role in the equations.

5.1. Electrostatic force

Coulomb’s law gives the electrostatic force acting between a pair of charged particles. The
Coulomb constant transforms inputs of charge and distance into the resulting electrostatic force. Like
the universal constants, Coulomb’s constant contains natural units in its unit dimensions

ML*T2Q™

Inserting natural units of length, mass, time, and charge into the unit dimensions of Coulomb’s
constant demonstrates the natural unit structure

mpli,

i 2
e=——==Fp (—P) =8.988x10° kgm’ s C2. (63)
Tpqp

qp
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The standard form of the electrostatic force equation
F=k DL (64)
r
can be expressed in natural units by combining 63 and 64
2
rere ) (GG “
r qp ) \4pP
The corresponding equality between the electrostatic force, charge, and distance is
F o (lp)
m=lv) (G)G2) *
Fp r qar ) \4p

The natural unit equalities and formulas for Coulomb’s law and several defining equations of
electromagnetism are shown in Table 9.

Table 9. Several defining equations of electromagnetism are stated in natural unit equalities and
formulas. The Planck scale and natural units play the same role in quantifying electromagnetic

phenomena.
Physical Phenomenon  Standard Formula Equality Natural Unit Formula Alt Formula
F l l l l
Electrostatic force F = keql—gz — = (i) (i) (ﬂ) (2) F = (—P) (—P) ((171) (2) Fp
r Fp rj\rJ\qp)\qp rj\r)\qr)\qp
U, ) l
Electric potential energy Ug = kgM =E£ = (i) (ﬂ) (2) Ug = (i) (ﬂ) ( a2 ) Ep
r Ep rJ\qr)\qpr rJ\qr)\qpr
1 Vi 1 ) 1 E
Electric potential Vi = 4 ZE (i) (i) Vi = (i) (i) Vp Vg = (1) (i) =
dney r Vp r | \gp r ) \gp rJ\agr | qp
. F oy I? F 1 I I I
f —=r — =2(=]|[— F=2|—|[—]|F
Magnetic force R r (IP ) (’P ) (IP ) (IP ) P

energy

The electrostatic force can be understood further by inserting the elementary charge into the

formula
&2 lp (e \?
F = ke—Z = FP —_ — . (67)
T r qp

and then simplifying based on the ratio of elementary charge to Planck charge
e 1602176 634x107 C

— = — 0.085 424 543 132 = Va. 68
ar 1875546038 x10 B C Va (68)

The electrostatic force between a pair of elementary charges is therefore reduced to

Ip\?
FZQ’(T) FP. (69)

The formula can be stated simply in terms of the fine-structure constant and the natural unit
distance between charges, giving a dimensionless determinant on a scale of 0 to 1

[0

F=§ P

(70)

The natural unit formula suggests that two factors determine the strength of electrostatic force
between a pair of electric charges. Given the basis of Planck force, the fine-structure constant provides
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a fixed reduction in force between charges, and the inverse square of the distance provides a variable
reduction in force.

Figure 10. The electrostatic force between a pair of charged particles is proportional to the Planck force.
The dimensionless fine-structure constant and distance squared in natural units determine the strength
of the electrostatic force.

At a distance of one Planck length, the force between a pair of electric charges is less than the
Planck force by a simple factor of @

F=a Fp. (71)
5.2. Vacuum permittivity

The relationship between Coulomb’s constant and the vacuum electric permittivity gives the
natural unit definition of the electric constant as
1 2
= 9P )~ 885419x 1072 €252 kg i m2. (72)
4nF P l P

€0

The natural unit form of the constant distinguishes between the Planck scale basis required by the
equations (the Planck force) and additional units of Planck length and charge that convert SI inputs of
length and charge into natural units.

While the vacuum permittivity is conveniently structured for calculating force, it can also be used
to calculate energy such as the potential energy between a pair of point charges

= 73
4reyr 73)
2 12
= 4xFpL. (74)
4dnr q%

The formula cleverly restructures the Planck force into Planck energy and produces the
fine-structure constant using Equation 68

2
Uk =§FPZP (ITP) (g) (75)
= CV(ZTP)EP. (76)

Table 10 lists the natural unit form of several electromagnetic constants in dimensions of length,
mass, time, and charge. Each natural unit value of a constant is equivalent to the standard value within
the uncertainty limits of the Planck units. The Planck charge has a much more precise value than
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the other Planck units because it can be calculated with the precision of the fine-structure constant or

electric permittivity.

Table 10. Electromagnetic constants have natural units of length, mass, time, and charge in their unit

dimensions.
Constant Sym  Value Std Form Natural Units Alternate
Planck charge qp 1.876 x 1078 C Vidnehc — %
a
_19 drnha
Elementary charge e,q 1.602x 107" C gpVa —
Hoc
4drah tp\? lpm
Vacuum permeability Ho 1.257 x 107 N A2 > 4nFp (i) 4nt > P
e’c P qn
1 1 (qr) 1 ar\’
Vacuum permittivity 50 8.854x 10712 Fm™! — —
upc? 4nFp \ lp 4xFpc? \tp
2 2
9 22 1 lp 2 [ P
Coulomb constant ke 8.988 x 10° N m*C —_— Fpl|— Fpce|—
4men qp qp
27h 27 E 2 2 Ip\*
von Klitzing constant Rk 25,813 Q Lz mEep (ti) Tmp (i)
e a tp \gp atp \gp
2 Va 1
Josephson constant K, 483.6 x 102 HzV ! i AL 1 —
h n Ep \tp
h Y
Bohr magneton  up 9.274x 10724 JT ! ‘ Namepp (4e —
2m, 2 meg tp
262 atp (gp 2 a tp [(qp
7.748 x 107° — —— | = —— =
Conductance quantum Gy 8x10™ S " < En ( = ) p ( I )
2rh T tp
Magnetic flux quantum 2.068x 1071 Wb —_— —F (—) —
g q %o 7% i\ gn
. Ep (tp
Vacuum impedance Zy 376.7 Q HoC dap—~ 7| — —
tp \gp

Ip =Planck length | mp =Planck mass | rp =Planck time | gp =Planck charge | Ep =Planck energy | Fp =

Planck force | m, = electron mass

5.3. Vacuum permeability

The vacuum permeability is related to the vacuum permittivity by

1
o =— 77)
€nC
which gives a natural unit equation for the magnetic constant
o)\
wo = 4n Fp (i) =1.256 637 x 107 NA™2 (78)
qp

Similar to the electric constant, the magnetic constant has a basis of Planck force. However, units
of Planck charge and Planck time included in the constant make it more suitable for equations with
inputs of electric current.

Because the magnetic constant has two units of Planck time in both the numerator and

denominator, it can be reduced to

!
P22 kgmC? (79)

P

Mo = 4n
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which is equivalent to the formula used for calculating the CODATA value [8,9]
ah
Mo = 4r - (80)
e’c
Replacing Planck’s constant with natural units gives
al pmp f
=4g ——L 81
Mo =4m — / (81)
and the ratio ¢?/a can be replaced with the Planck charge squared, as shown in Equation 68
l
po = 4 L2 (82)
qp

5.4. Electromagnetic potentials

The equations of electromagnetism use the Planck scale as a basis of proportionality for
determining the correlated attributes of charged particles and systems. The Planck scale potentials
listed in Table 11 are therefore important physical constants. Each physical phenomenon in the table is
a Planck scale electromagnetic potential designated by subscript p.

Table 11. Electromagnetic phenomena are proportional to the Planck scale, making these natural unit
potentials important physical constants.

Constant Sym  Value Std Form Natural Form Alternate

6

Current potential I, 3479 x10% A A/ dmec? ar _

G tp

4
. Ep (1 Ep
Volt tential Vv,  1.043x107 V G- Zre (L Lr
oltage potentia ; x InGa o\ o
1

Impedance potential zZ 29.979 Q Ep (1) me (e |’
P P v ' 4rec tp \Ip tp \gp
. _42 1[G 1\ Ip\?
Inductance potential L, 1.616 x10™* H —\— Ep|— mp | —
4meyp NV 7 I, qp
c® mp [ 1 mp
Magnetic inductance potential B, 2.152x10% T —— — (—)
41 eghG tP Ip tpqgp
2
Conductance potential Gp 0.03336 S 4 ec t—PI 2 Ir (4pr
Ep P mp lp
e 2 g2
Capacitance potential Cp 1.798 x 107 F dne = E—‘; g é
. . _17 h 1
Magnetic flux Potential bp 5.623x 107 Wb Ep|— —
4menc Ip

[p =Planck Tength T mp = Planck mass T 7p =Planck time T ¢gp =Planck charge T Ep =Planckenergy T 1), =
maximum current potential

6. Putting it all together

The natural units of measure which retain their meaning for all times and for all civilizations provide
a single, unifying principle behind the values and dimensions of all the constants and equations in
Tables 1,7, 9, 10, 11, and 12. Restating compound-dimensional constants in natural units unveils a

doi:10.20944/preprints202309.0953.v1
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natural structure underpinning the mathematics, aligning each unit dimension at the Planck scale, and
revealing the highly correlated properties and dynamics of elementary particles and fields.

Natural unit formulas establish a coherent connection between the mathematical formulations
and physical dimensions of natural phenomena. In light of this natural structure, is it still reasonable
to consider the universal constants fundamental? The natural units are decidedly more elemental
than the universal constants, having a single value and dimension for each unit. And while it is
widely presumed that natural units of length, mass, and time are “derived” from three fundamental
universal constants, it is difficult to imagine how the following combinations of universal constants
give conceptual meaning to length, mass, and time

hG

Planck length = / — (83)
c

I}
Planck mass = w/% = g nr (84)

Planck time = /| — =

(85)

In the orthodox view of these equations, one is left wondering what role the square root of the
speed of light to the fifth power plays in defining a single unit of time. On the other hand, it is easy
to see that the universal constants are compound collections of natural units. The peculiar ratios
of universal constants in Equations 83, 84, and 85 are simply what is required to isolate each unit
dimension from the compound-dimensional constants.

It is often the case that equations stated in compound-dimensional constants are unnecessarily
complex. These formulas contain extraneous and enigmatic ratios of physical constants to produce
the correct combination of natural units. For example, a particularly extraneous form of the Rydberg

constant R, is

mee*

Ry = . 86
86§h3c (86)

The formula produces a high precision value of R., which is essential for experimental research;
but the equation conveys little representational meaning about the constant. Stating the constants in
natural units reduces the formula to more elemental components

_ e 2 16’%’/?{%)( % )(ff) 87

R 8(}#1)/@)( %ﬂﬂp/ SH}ZZ%mP% Ip (87)
mea?

- 47Tlpmp' (88)

Restating the compound-dimensional constants in natural units explains why Equation 86 gives
the same result as other equations that produce the constant. A more efficient equation [29] that still
produces a high precision value is
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meCch
T (89)
_ mea2 (/b_{) ( }4{ ) (90)

2 }/[( Zﬂ%lpmp

2

MmeQ@
a 4r lpmp ’ (91)

The physical significance of the Rydberg constant can be understood by its use in atomic
spectroscopy. Multiplying the Rydberg constant by Planck’s constant and the speed of light produces
the ground-state electron energy, but the universal constants do not explain why. Restating the formula
in natural units yields

1 mea?

hcReo = —
¢ 4r leP

_ 1 mea® (27 Gmr) (1
_ 47(%%(_“3 ) (;P) ©3)

he (92)

= %meazcz. (94)

which produces the CODATA Rydberg energy formula [9]. The correlations of matter particle
properties shown in Section 3 and the role of the fine-structure constant in quantifying electrostatic
energy shown in Section 5 explain why v = ac and why Equation 94 gives the ground state energy

hcRe = %mevz. (95)

6.1. Luminosity

The transformation of a star’s temperature into the corresponding quantity of radiant power is a
good test of an equation’s ability to explain the underlying physics. The standard formula uses the
Stefan-Boltzmann constant

/s 2 k 4 2 4
o= 2K~ 96
6077 c? 0
and determines radiant power by the formula
L =cAT* (97)

Given a surface temperature of 5,778 K and a radius of 696,156,000 m, the Sun’s luminosity is
L=(5670x10"8 Wm™2K™) x (47 x 696,156,000 m?) x (5778 K)* (98)
=3.849 x 10%° W. (99)

The function gives little indication of how inputs of temperature and radius are transformed into
the corresponding amount of radiant power. The surface area clearly acts as a scaling factor for some
amount of radiant power produced from the temperature. But it is not clear how this quantity of
power is determined.

The same formula restated in natural units provides a physical explanation in each dimension
of space and time. The natural unit equality and formula in Table 12 provide an outline of the
transformation.
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Table 12. The natural unit luminosity formula explains how temperature is translated into radiant
power.

Standard Formula Equality Natural Unit Formula Reduced
Lo (E)p i
60 \Ep) "

A T
P, = maximum power potential = Ep /tp

2
Ip

4
2
lp

A
I

" 60

L = (E\
Luminosity L=ocAT* o= 2—0 (E—)
P P

The function determines radiant power in two steps: first, by translating the average kinetic
energy into a corresponding quantity of radiant power at the Planck scale, and then by rescaling that
power over the surface area of a star. The relevant quantities for this example are

2 4
b8 E A
- — P, = L
60 Ep I
ET! w 12 w
0.1645 X 2766x1071* X  3628x102 X 2331x10% = 3.849 x10%

Apart from the constant, the function contains two dimensionless (or naturally dimensionful)
ratios and the Planck scale basis of Planck energy per Planck time. The three quantities are calculated
as follows

Surface area
The function rescales the radiant power per Planck area to the Sun’s surface area using the ratio

A 4mx696,156,000% m?

== =2.331x10%8 1.2 100
2~ (1616 X105 m)? % (100)

Power potential
The Planck scale power potential is the ratio of Planck energy to Planck time. This is the basis against
which the correlated photon properties produce a given quantity of radiant power

Ep  1956x10°J 5
P,=—=——"——"—=3628x10>"W. 101
P p 5391x107% s (101)
Ratio of radiant power to Planck area
The challenge in converting temperature to luminosity is converting the average kinetic energy per
particle into the correct magnitude of radiant power over a given area. This is demonstrated by the
natural unit formula. First, the photon energy equivalent is calculated in natural units as a ratio of the

Planck energy

T E 7977x10720
keT _ E _7977x1077J _ 4\ e 102 E. (102)
Ep Ep 1956x10°J

According to 32, this gives inversely proportional quantities of wavelength and oscillation period
which quantify the energy in dimensions of space and time

E l P t P -29
—=—=—=4078x10"". 1
B 11 078 x 10 (103)
The amount of radiant power per unit of Planck length is therefore the ratio of energy per time

g = (4.078 x 107%%)? = 1.663 x 107 ET"! (104)
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and the corresponding radiant power per Planck area is
P
s (4.078 x 107%)* = 2.766 x 10114 ETL. (105)

Multiplying the natural unit power by 101 gives the radiant power per Planck area, and 100
rescales it to the surface area. The following steps illustrate how the natural unit formula is equivalent
to the standard formula stated in universal constants

L=cAT* (106)
_ (6’(;’;%2) arx (€) 107)
2
ZZ_; 5_;: % (%)x(g—i) (109)
- 5_; (’f_:) g (110)

Equations 106 through 110 show that it is not only the case that compound-dimensional constants
insert superfluous natural units into the formulas; it is also sometimes the case that reduced formulas
conceal natural units in the numerator and denominator of the equations which produce the required
correlations.

Restating the Stefan-Boltzmann constant and the luminosity formula in natural units shows
how inputs of area and temperature produce the corresponding amount of radiant power. Such
explanations are generally hidden by the traditional form of the constants and equations.

7. Conclusion

Many compound-dimensional constants provide high-precision values that are important for
experimental and applied physics. However, from a theoretical perspective, the natural units provide
a more granular representation of the physical constants and equations.

The natural units of measure are independent of unit systems. They reveal hidden correlations in
the physical attributes and dynamics of natural phenomena that explain why the equations produce
meaningful results—transforming formula inputs into the expected quantities and dimensions of
formula outputs.

The importance of such correlations was extolled by John Bell who exclaimed “The scientific
attitude is that correlations cry out for explanations.” [30] With respect to the universal constants,
however, the scientific attitude is overtaken by philosophical prejudice and historical bias. The
present-day attitude is that deeper meaning should not be investigated or ascribed to the “fundamental”
constants of nature.

In light of the deeper significance of natural units demonstrated throughout this study, the
established philosophy argues that somehow less is more—that we should ignore the more granular,
accordant natural structure and simply embrace the abstractness of & and G.

In his celebrated paper on the role of mathematics in physics, Eugene Wigner contemplates a
scenario in which conflicting theories cannot be resolved experimentally. Such a situation is possible,
he says because “fundamentally, we do not know why our theories work so well. Hence, their accuracy
may not prove their truth and consistency.” [31]
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The present situation offers an alternative conceptual explanation of the equations that cannot
be resolved by experiment. The computations are equivalent within the measurement uncertainties
of the constants. Furthermore, the very assumption on which Planck calculated the natural units is
their equivalence with the universal constants in their compound unit dimensions. The challenge lies
in adjudicating between different mathematical formulations that produce the same computational
result.

Unlike Wigner’s scenario, the natural units offer a less abstract description of nature than the
orthodox depictions derived from the universal constants. The natural units hold the equations
accountable for transformations in each unit dimension, placing constraints on the choice of symbols
when there are multiple, equivalent ways of arriving at the same result.

The natural units offer a rare opportunity to re-evaluate the physical meaning of the standard
model which has grown stagnant over the past half-century. They challenge the assumption that
classical and quantum physics are distinct and incompatible descriptions of nature, providing
a common language for interpreting classical and quantum mechanics, classical gravity, and
electromagnetism; and they may illuminate a pathway to quantum gravity.

The natural units have been an integral part of the constants and equations from the beginning,
but they are still waiting to be acknowledged and understood.

Appendix A. Natural unit alignment

Figure Al aligns unit dimensions of length, mass, time, and charge at the Planck scale, where
each unit has a value of 1. Units of length and time approach a limit of infinity whereas mass and
charge approach a limit of 0 in the context of discrete quanta. SI units of meters, seconds, kilograms,
and coulombs are shown for comparison.

Natural Units
1040 10-3° 102 101° 1 10" 10%° 10% 1040

L T T T BT T I iy
Planck Length
1
1
' || natural length units i 1 meter
i
Planck Time
1
1
|'11/| natural time units i 1second
! ;
Planck Mass
1
1
| /| natural ma i1ki|ogram
:
Planck Charge
1
1
natural charge i 1coulomb
1
T |

Figure A1. Unit dimensions of length, mass, time, and charge are aligned at the Planck scale. SI units
of meter, second, kilogram, and coulomb are shown for comparison.

The Planck-scale alignment of natural units gives a ratio for each pair of unit values in SI units,
which is useful for recognizing natural scale alignments such as the speed of light. Table A1 provides
each ratio which serves as an SI unit conversion from one unit dimension to another.
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Table Al. Natural unit ratios give a conversion between unit dimensions in SI units.
Unit Conversion Formula Unit Conversion Formula
1m =3.335641x107° s ;i 1s =299,792,458 m ii
P P
1m  =1346591x107 kg ? 1s  =4.036977x10% kg ”tﬂ
P P
1m =1.160427 x 10" C ‘l’—” 1s =3.478872x10% C ‘t’—"
P P
-28 lp -18 lp
1kg =7426161x107° m — 1C =8.617517x107° m —
mp qp
t t
1kg  =2477101x10736 s £ 1C  =2874495x10% 5 £
mp qpr
1kg =8617519x1011 C ar. 1C  =1.160427x 10" kg e
mp qp

[p =PlanckTength T mp =Planckmass T 7p = Planck time T ¢p =Planck charge
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