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The principal physical constants G, A, c, e, kg, (o, m,... are defined in terms of the dimensions of mass, length,
time, temperature and electric charge (M,L,T,K,A). There are also natural constants such as 7 and the fine
structure constant @ which have no dimensions and so are presumed independent of the system of units used.
These may be considered as natural or universal constants. Proposed here is a further natural constant which
I have denoted Omega. From 2r, @ and Q (Q = ¢/ e~1), basic formulas for time, mass, length and charge
are proposed in terms of 2 dimensions a (sqrt of Planck time) and b (sqrt of Planck momentum). These base
units are then scaled to their Planck unit equivalents from which G, A, c, e, kg, {19, m,... are solved, the accuracy
of each solution is limited by the (12-digit) precision of the Rydberg constant. Results are consistent with
CODATA 2010. As the SI units (kg,m,k,A) can be constructed using the sqrt of Planck time and sqrt of Planck
momentum, these 2 quantities could be considered as universal dimensions. By comparing the Planck electron
with the SI electron, a solution for alpha as @ = 137.035 996 368(2) is proposed.

1 Preface

J. Barrow et al noted in a Scientific American article... ’Some
things never change. Physicists call them the constants of
nature. Such quantities as the velocity of light, ¢, Newton’s
constant of gravitation, G, and the mass of the electron, m,,
are assumed to be the same at all places and times in the uni-
verse. They form the scaffolding around which the theories
of physics are erected, and they define the fabric of our uni-
verse. Physics has progressed by making ever more accurate
measurements of their values. And yet, remarkably, no one
has ever successfully predicted or explained any of the con-
stants. Physicists have no idea why they take the special nu-
merical values that they do. In SI units, c is 299,792,458; G
18 6.673e-11; and m, 1s 9.10938188e-31 -numbers that follow
no discernible pattern. The only thread running through the
values is that if many of them were even slightly different,
complex atomic structures such as living beings would not be
possible. The desire to explain the constants has been one of
the driving forces behind efforts to develop a complete uni-
fied description of nature, or “’theory of everything”. Physi-
cists have hoped that such a theory would show that each of
the constants of nature could have only one logically possi-
ble value. It would reveal an underlying order to the seeming
arbitrariness of nature.’ [1]

2 Natural units

Natural units are “natural” because the origin of their defini-
tion comes only from properties of nature and not from any
human construct. From 3 natural units; 27, the fine structure
constant @ ~ 137.036, Q ~ 2.007 and from 2 dimensioned
quantities a and b, we may construct the following (note: a
has the dimension time and » momentum)...
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From here we construct 2 units, the magnetic monopole o,
and the electron frequency E, = t,0. Note that the electron
frequency dimensions a and b cancel, the electron frequency
is therefore a dimensionless value and so may be classed as
a natural unit - as its numerical value does not depend on the
system of units used (see electron as magnetic monopole).
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To convert from natural units to Planck units we can use ¢
and pg (eq.28) which have exact values to obtain the required
numerical values for a and b;
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a =19 690 340.470 955
b=1.184 645 784 117

2 Natural units
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Such that: 7 Vacuum permeability
¢ = ¢, (m/s) The ampere is that constant current which, if maintained in
Planck mass: mp = m, (kg) two straight parallel conductors of infinite length, of negligi-
Planck lfangth: lp = L, (m) ble circular cross section, and placed 1 meter apart in vacuum,
Planck time: 7, = 1, (s) would produce between these conductors a force equal to ex-
(Planck) Ampere: Ap = A, (A) actly 2.10~7 newton per meter of length.
Fetectric _ 27TQ2 (Q'Q3 )2 _ n'a'QS _ 2 (20)
3 Omega as a Planck unit A} ~oat, 83T 64,5 107
The Planck analog of Q is the square root of Planck mo- ives:
mentum denoted here Q. Planck momentum then becomes glves: a0 4n
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Defining the mass constants in terms of Planck momentum r€
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Note:
Planck Temperature = Apc
Elementary charge = Apt, 9 Electron as magnetic monopole
Magnetic monopoleg (quark) = Agct, = Aol The ampere-meter is the SI unit for pole strength (the product
Electron = tp(AQzlp)' of charge and velocity) in a magnet (Am = ec). A Magnetic
Magneton = Ayl monopole [10] is a hypothetical particle that is a magnet with
only 1 pole.
6 Elementary charge To convert Planck time 7,, elementary charge e and the
_ _ speed of light ¢ to SI units 1s, 1C, 1m/s requires dimension-
e=As=Apt, . . .
less numbers which are numerically equivalent (z,, ey, cy).
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2 7 Vacuum permeability
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e 1.6021764..e7°C
e 1.6021764..e719
¢ 299792458m/s

e 299792458
We may thus form dimensionless formulas for a magnetic
monopole o, and the electron frequency E, = 1,07 = t,o>.
The electron frequency formula describes the number of units

of (Planck) time corresponding to the electron frequency.
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Planck mass:
m, = mpE, (31)
Compton wavelength:
g = 2 (32)
e — E(r
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Up-quark: o2
Down quark: o'
ie. UUD: 0% 0?0 ! =0
10 Reduced formulas
Replacing [, with eq.27, the natural constants reduce to;
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The Rydberg constant R,
B mee4u(z)c3 B n*cd 40
YA R 2103352148087 (40)

11 Quintessence momentum

The Rydberg constant R, = 10973731.568 539(55) [11] with
a 12-digit precision is the most accurate of the natural con-
stants. consequently we may re-define Q in terms of this con-
stant, ¢ and a.
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12 Fine structure constant alpha

The CODATA a = 137.035999074, however this value de-
pends on certain QED assumptions. Here I calculate a value
for alpha using the Rydberg constant as this is the most pre-
cisely measured fundamental constant.

Combining R, = 10973731.568539 (the CODATA mean
value) with electron frequencies f, = t,07 and f, = t,07
gives a solution for @ and Q as;

a = 137.035 996 368(2)

0 =1.019 113 421 977

Experimental results:
The von Klitzing constant reduces to @ and ¢ and so has the
potential to provide the most definitive solution for a.

h _ mac
e~ 5000000

Rk =25812.807 557(18) [4]

Rk = (43)

a = 137.035 999 677(96)

Atom-recoil measurements:
h/R, = 4.5913592729¢ — 9amu
87R;, = 86.909180527amu
m, = 0.000548579909067amu
@ = 1/ V((2Rw/c)(h/Ry)(8TRy/m,))
a = 137.035 998 998

h/neutron ratio [7]
h/m, = 3.956033332¢ — 7amu
m,, = 1.00866491600amu
a=1/ \/E(ZROO/C)(h/mn)(mn/me))
a = 137.036 010 857

13 Planck Temperature 7'p

Tpin terms of Q, «, c.
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Tp=——=——;units=K
ma Q3 pid

Tp=Am/s

(44)

11 Quintessence momentum
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Boltzmann’s constant kg [9]

E ?aQ’  mmpc
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14 Planck mass black hole

Black hole energy distribution of emission 7,p as described
by Planck’s law for M = mp

hC3 TP
Tm = = — 48
P 16m2Gkgm  8m (48)

Hawking radiation has a blackbody (Planck) spectrum with a
temperature T for an M = mp black hole (r; = 2[,,) given by

he E,
kptyp = —— = — 49
Bimb 8n?ry, 8m “49)
From eq.45 and eq.48
n*aQ’ Tp E,
kgtyp = ——— — = — 50
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General relativity
C4 Fp
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Bekenstein—Hawking entropy (S) for M = mp
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16 Radio wave
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Larmor precession frequency (1 Tesla) f; = 28.025GHz, kg,
is the dimensionless Boltzmanns constant and vy is the elec-
tron magnetic moment y = 1.001 159 652 180 73(28).
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The presence of the Boltzmann’s constant is a consequence
of the ST unit 1 Tesla. A Planck Bp (Rp = Planck Rydberg)

mp

Bp = 58
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A Planck electron B, (R, = Rydberg constant)
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17 Dimensional analysis of SI units

It is more accurate (although more complicated) to replace a
and b with unitary dimensions 7" and P. We then see that of
the dimensions that we have chosen to describe our universe
(mass, length, time, charge...), only time is a fundamental
property, the rest are composite units;

1 . .

T = P unit = \/Etlme) (62)
P= 5 unit = \/Emomentum) (63)
L= T(5/3)P(3/4), unit = length (64)
M = TYIPOD  ynit = mass (65)

such that;
t,=2n.T? (66)
pe4
_ 2
c, =2nQ2 TS 67)
I, = 27*Q*. TGP pRY (63)
m, = T/ pG/4 (69)

16 Radio wave
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We may then note that some values that would appear to have
dimensions in terms of the SI units are in fact dimensionless.
The electron frequency f, = s/m3A3 = 1 has been studied.
Other examples of dimensionless quantities;

kg’s*

— =1 77
) 77

k 3 3A2

I (78)
m

18 Numerical solutions

Results (see online calculator [5]) agree precisely with CO-
DATA 2010 values except for G and kg.
CODATA 2010 values
a = 137.035 999 074(44) [13]
R = 10973 731.568 539(55) [11]
h =6.626 069 57(29) e — 34 [12]
e =1.602 176 565(35) e — 19 [15]
m, =9.109 382 91(40) e — 31 [16]
G =6.673 84(80) e — 11 [18]
o = 4.7/107
kg = 1.380 6488(13) e — 23 [19]

using @ = 137.035 999 074

R =10973 731.568 539 gives
h =6.626 069 148 ¢ — 34
e=1.602176 513 ¢ - 19

m, = 9.109 382 323 ¢ - 31

G =6.672497199 ¢ - 11

kp =1.379510 149 ¢ — 23

Jo =128.024 953 555 GHz

using @ = 137.035 996 369 gives
h =6.626 069 715 ¢ — 34
e=1.602176598 ¢ — 19

m, = 9.109 382 742 e - 31
G =6.672497 489 ¢ - 11
kp =1.379510 194 ¢ - 23
fr =28.024 953 739 GHz

G: The same inputs were used to solve Planck constant,
the electron wavelength and electron mass and so by exten-
sion the Rydberg constant; and these 4 values all have the
requisite precision. We may also note that the calculated G
agrees with the Sandia National Laboratories G;

Parks et al G = 6.672 34(21) e — 11 [2]

kp: Accuracy is within 1.000825 of CODATA 2010 value.
However dividing the Larmor frequency f; (which uses kg)
by the free electron gyromagnetic ratio y,/(2x), the accuracy
improves to 28.024954/28.024944 = 1.000000357.

19 The T-shirt

The electron frequency formula presented here is a ratio of
dimensioned quantities and so 27, O and @ may also be so.
The above further suggests that these dimensioned quantities
are time and momentum, as such the dimensions we are fa-
miliar with; mass, length, charge... may actually be artificial
constructs. I have previously argued [6] that time is a function
(and measure) of the expansion of the universe, if so then our
physical universe, from matter to the fabric of space itself, is
simply the geometry of momentum [8].

...our ambition is to find an answer so elegant and simple
that it will fit easily on the front of a T-shirt.
- Nobel laureate Leon Lederman
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