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Abstract

This article is essentially an appendix to the paper A
Sketch for a Quantum Theory of Gravity containing
some elaborations and re-identifications of the age
and radius of the universe. These changes involve a
detailed following up of a change in the definition,
T → t∗ of the age of the universe, T as suggested in
the paper dated 24th November 2004.

1 Orbital Angular Momentum

In the paper A Sketch for a Quantum Theory of Grav-
ity , which I will refer to as A in this paper, a possible
nominal age for the universe was identified from a
new formula for the gravitational constant as

T = ξτp (1.1)
τmp = ~/(mpc

2) (1.2)

where τmp = ~/(mpc
2) = lp/c is the Compton time

interval for a proton.
There is freedom in making this identification be-

cause of some dimensionless multipliers appearing in
the formula for G. Expressed in terms of T or R the
formula for G is

G = α~2/(Tm2
pmec) (1.3)

= α~2/(Rm2
pme). (1.4)

It became apparent that a better correspondence
with the age of the universe values suggested from
measurement would occur if the α appearing in the
numerator of G were incorporated with T to give a
transformed value T ∗ = α−1T . Thus T ∗ > T and
has the same order of magnitude as suggested from
the measurement arena. The gravitation constant G
in terms of the starred variables becomes

G = ~2/(T ∗m2
pmec) (1.5)

= ~2/(R∗m2
pme). (1.6)
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This redefinition was suggested at the end of the
paper A and it was indicated that other quantities
would need to be changed in order for a consistent
theory to incorporate the starred definitions. It turns
out that some simple changes have to be made to the
quantum orbital theory to achieve this consistency for
the starred version. The basic change is to replace the
classical radius of the proton, rp = αlp in equation
(1.17A) with its Compton wave length, lp as here in
equations (1.7), (2.3), (2.4) and (2.5). This gives a
starred version for, r∗G,ZG

for example, replacing the
original rG,ZG

displayed at equation (2.18A) in this
case. All the cases are listed below. From an inspec-
tion of the last equality in equation (2.18A), it is then
hindsight obvious that this is how it should have been
from the start! Below is a list of the changes to orig-
inal variables consequent upon making the change
rp → lp.

rp → lp (1.7)
T → T ∗ = α−1T (1.8)
R → R∗ = α−1R (1.9)
H → H∗ = (T ∗)−1 (1.10)
MU → m∗

U = MU (1.11)
λ̄G,0 → λ̄∗G,0 = α−1λ̄G,0 (1.12)

rG,ZG
→ r∗G,ZG

= lp/(ZGα2
G) (1.13)

I now wish to make an altogether more subtle
change in the interpretational aspects of this theoret-
ical structure. This will involve some additional no-
tation and changes to some physical variables. Gen-
erally the numerical effect of these changes will be
negligible and the theory could be left without these
additional changes. This would mean that we are
taking what might be called a course grained view of
the universe and we would not be looking at the de-
tailed structure. However, the enhanced version that
emerges is logically more satisfactory and the link and
similarity between the small scale quantum aspects
and the large scale gravitational aspects becomes
more clarified. To see why such changes are desir-
able we can examine the wave capture diagram fig.1
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Figure 1
Bohr Orbit Hydrogen-Z Configuration
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which originally arose from the electrical-quantum
consideration of the orbital structure of H137 in rela-
tion to the fine structure constant. The most obvi-
ous aspect of this diagram are the circular bound-
aries of radii ra, rc, rb and rd. There is another
possible boundary missing from the diagram of ra-
dius smaller than the shown four that we can call
ri = rc cos(χ∗(137)) in the case of H137. Thus all
the wave structure lies between radii ri and rd and
the numerical difference between these two radii is
rd − ri = rd(1− cos2(χ∗(137))) = rd sin2(χ∗(137)) ≈
rd(1/137)2 ≈ rd×10−4. The whole of the geometrical
structure between these two extremes would vanish
in the thickness of the single circular circumference,
if the diagram had not been greatly distorted to make
it readable. The philosophy of the work in this ar-
ticle is that the gravitation orbits for a proton, al-
most straight lines for a free proton, follow the same
pattern as in the wave capture diagram with the ad-
ditional condition that the outer and inner radii for
the gravitation orbits differ by vastly smaller amount
than the electromagnetic case. This is why I suggest
that the new set of changes that are to be imple-
mented are logically and conceptually important but
numerically negligible. However, the thickness of a
very thin line on a small disc representing the whole
universe could represent 108 human life spans. The
two inner radii rd and rb are important for QED but
need not concern us in the gravitation regime for rea-
sons that will become clear.

2 Enhancement Variables

The first step in the enhancement is to consider the
formulae (2.6A) and (2.7A) for the gravitation con-
stant G in terms of the time like parameter T ∗ and
abandon the interpretation of cT ∗ as the radius of the
universe. Then reinterpret R∗ = cT ∗ as the nearby
quantity the gravitational equivalent of the QED ra-
dius of rB,137, of first Bohr orbit of H137. This equiv-
alent is a quantity, r∗G,NG

= ct∗G,NG
, a starred version

of what was rG,NG
in A originally. The result of this

change is a functional form for G(r′∗), the gravita-
tional constant in terms of r′∗.

G(r∗G,NG
) = ~2/(t∗G,NG

m2
pmec) (2.1)

= ~2/(r∗G,NG
m2

pme). (2.2)

Equation (2.2) is to be our fundamental equation con-
necting the quantum theory for gravitational orbits
to the value of the relativistic cosmological quantity
G. The numerical value of G will now be regarded as
defined through equation (2.2). To show how the ra-
dius or the age of the of the universe now comes into
the structure we have to examine the other impor-
tant circular quantum orbits within which the circle
of radius r∗G,NG

is to be found, the analogues of ri and
rd from H137 theory. They are defined in ascending
size order with r∗G,NG

central in magnitude as

r′′∗ = r∗G,NG
cos(χG) =

NGlp
cos(χG)

(2.3)

r′∗ = r∗G,NG
=

NGlp
cos2(χG)

(2.4)

r∗ =
r∗G,NG

cos(χG)
=

NGlp
cos3(χG)

. (2.5)

The notation,

lp = ~/(mpc) (2.6)
l′p = ~/(mpc cos(χG)) (2.7)

l′′p = ~/(mpc cos2(χG))), (2.8)

will be used. The speed on the r′∗ is given by r′∗ω =
NGαGc so that the speed v∗ on the r∗ orbit will be
given by

v′′∗ = r′′∗ω = r′′∗NGcαG/r′∗ = c′′ (2.9)
v′∗ = r′∗ω = r′∗NGcαG/r′∗ = c′ (2.10)
v∗ = r∗ω = r∗NGcαG/r′∗ = c (2.11)
c′ = c cos(χG) (2.12)
c′′ = c cos2(χG). (2.13)
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Thus we can take these inner and outer boundaries
r′′∗ and r∗ within which the main orbit of radius r′∗

lies to represent an annulus fixed to and rotating with
the geometrically extended object. The object has a
mean position on the radius r′∗. The outer boundary
of this annular platform has a transverse velocity of
the speed of light and so is naturally to be regarded
as the maximum outer boundary for the whole rotat-
ing system. This then is good reason to identify r∗

as the radius of the universe. This does not mean
that the universe is rotating. It rather means that
the maximum separation for gravitationally coupled
systems coincides numerically with the radius of the
universe, r∗.

Let us first calculate the orbital angular momen-
tum for an electron in the first Bohr orbit of H137.
From equations (1.17A) and (1.18A) this is

rB,ZvB,Zm0 = Zαcm0lc/(Zα2) (2.14)
= m0clc/α = m0clm0 (2.15)
= ~ (2.16)

The orbital angular momentum for the corresponding
gravitation orbit of a proton is from equations (2.4)
and (2.10) and using the starred system

r∗G,ZG
vG,ZG

mp =
ZGαGcmplp

(ZGα2
G)

(2.17)

=
mpclp
αG

(2.18)

=
~

αG
=

NG~
cos(χG(ZG))

(2.19)

The starred version of the gravitational potential in
which a proton moves has the form on the mean orbit
and on the outer boundary as given by

V ∗
G(r′∗G) =

NGGmempα
−1
G

r′∗G
(2.20)

= mpc
′2 (2.21)

V ∗
G(r∗G) =

NGGmempα
−1
G

r∗G
(2.22)

= mpc
′2 cos(αG) (2.23)

r′∗G < r∗G (2.24)
V ∗

G(r′∗G) > V ∗
G(r∗G) (2.25)

The gravitation orbit of a proton here means a free
proton at rest or in motion under gravitational in-
fluence alone. The numerical value of the orbital
velocity in the orbit given by the quantum number
ZG = NG for a given αG(NG, N ′

G) is the maximum
quantum number and so it gives the highest speed in
orbit, vG,NG

= cos(χ∗
G(NG))c < c. In general this

speed will be very close to but definitely less than c.
Thus when a proton is encountered experimentally
apparently not moving at high speed relative to the
laboratory it does not mean that such a proton has
not got the high velocity in its gravitational orbit be-
ing studied here. This is because the observer’s labo-
ratory rest frame can in general have a small velocity
relative to the proton. In other words, any proton
can have a high gravitational velocity relative to its
distant rest mass generating graviton’s rest frame.

3 Numerical Values for
Radius, Age and Mass
r∗G, t∗G and MU of Universe

The nominal time for the existence of the universe, its
age, will from now on be denoted by t∗ and defined by
t∗ = r∗G/c where r∗G is taken to be the current radius
of the universe. It is evident that these theoretically
obtained values give a very good agreement with the
experimentally assessed values and also have the the-
oretical advantage of greatly clarifying detailed as-
pects of the structure. The mass of the universe can
be obtained by considering the magnitude of the mass
that induces the gravitational potential in which the
proton moves, or more appropriately one might say,
exists. From equation (2.20) this potential is

V ∗
G(r′∗G) =

NGGmempα
−1
G

r′∗G
(3.1)

= mpc
′2 (3.2)

=
GMump

r′∗G
(3.3)

MU = NGmeα
−1
G

= N2
Gme/ cos(χG(NG) (3.4)

NG ≈ 3.11× 1041 (3.5)
α−1

G ≈ 3.11× 1041 (3.6)
MU ≈ 8.81× 1052kg (3.7)

MU,m ≈ 5.68× 1053kg (3.8)
t∗ ≈ 2.18× 1017s (3.9)
t∗m ≈ 3.1536× 1017s (3.10)

MU,m is the value for the mass and t∗m is the age of
the universe from observation and measurements as
suggested in reference [11] and also admitted as to
not being canonical .

The three quantities r∗G, t∗G and MU together with
the rest mass of the graviton, mG, all depend on the
value of the integer parameter NG and when I write of
theoretical values, I imply that the actual numerical
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values can only be found if the value of the integer
NG can be input into the calculation. There is no
theoretical way to evaluate NG any more than there
is to evaluate 137 at this time in the physics science
story. There is a second parameter N ′

G involved but
again, unlike in the QED case where it is important,
in gravitation theory it does not appear to play a
significant part. It can be shown why this is the case
as follows.

The QED difference between α−1 and 137 and the
gravitational equivalents have the approximate values

α−1(137, 29)− 137 ≈ 0.036 (3.11)

α−1
G (NG, N ′

G)−NG ≈ π3

N2
G

(
1
2
− 1

3N ′
G

2

)
(3.12)

→ π3

2N2
G

as N ′
G →∞

(3.13)
α−1

G (1042,∞)− 1042 ≈ 10−84 (3.14)
cos(χG(NG)) → 1 as NG →∞ (3.15)

χG(NG) → 0 as NG →∞ (3.16)

From equations (2.22A) and (2.23A) we get the
relation for the graviton rest mass,

mG = mp(1− (c′/c)2)1/2 (3.17)

= mp(1− cos2((χG(NG)))1/2

(3.18)
= mp sin(χG(NG)) (3.19)
→ 0 as NG →∞ (3.20)

r∗ = NGlp/ cos3(χG) (3.21)
t∗ = NGτp/ cos3(χG) (3.22)
τp = lp/c (3.23)

cos(χG(NG))r∗ = NGl′′p . (3.24)

From equation (3.11), it can be seen that the inverse
fine structure constant differs from the integer 137
at the second decimal place whereas from equation
(3.14), its gravitational equivalent α−1

G differs from
the integer NG ≈ 1042 at the 84th decimal place,
they are essentially equal and from equation (3.22)
it can be seen that t∗ is essentially equal to NGτp

where τp is a constant eigenfunction time increment
associated with the eigenvalue number NG. Thus the
digitally changing quantity NG can be regarded as
a digital parameter determining the age of the uni-
verse or we can write NG(t∗) implying the converse.
It makes little difference if you care to regard time as
the primary mover for change or regard NG as deter-
mining the time t∗ or the age of the universe. Thus in

this gravitational theory the quantum integer eigen-
value NG is of primary importance. The whole story
is contained in the concept of projection quantization.
This concept is the bridge between quantum theory
quantization and relativity theory length contraction.
One example is displayed at equation (3.24) for the
case of the radius of the universe expressed in terms
of the eigen-length l′′p . This is just one case among the
five others for the quantum orbits in terms of their
own lp versions and the key state integer NG. From
equations (3.4) and 3.22, it is clear that the amount
of mass within this universe is increasing proportion-
ally to the square of its age. The question then arises
as to where this mass is coming from and is conserva-
tion of energy being violated in this model? There is
a simple answer to this question though it may not be
everyone’s satisfaction. If we are to talk about expan-
sion at all we do need to have some idea about what
the expansion is taking place into. Let us consider the
most obvious and simple situation and suppose that
the expansion is taking place into a larger containing
space and for simplicity assume it is euclidean, Econ,
say. In fact, we have no idea of the actual geometry
that might be involved so that this assumption will
have to do here. Suppose that our expanding universe
is centred at the origin of Econ. I see no reason why
this containing space should be completely empty. It
contains an expanding universe but suppose further
the centre of that expanding universe is surrounded
with a mass distribution that extend in all direction
just as a consequence of its containing that universe.
At small values for the age of the universe t∗, its ra-
dius r∗ or expanding boundary is within the mass
distribution which could itself extend to infinity in
Econ. Let the density of this halo of electronic sized
masses be given by, the inverse linear, in R function,
σG(R) = 3me/(cos(χG(NG(R/c))4πl′′p

2
R), where R

is the distance from the centre of coordinates in Econ.
At time t∗ the universe will have expanded to the vol-
ume size V (r∗) = 4π(r∗)3/3 so that it will then con-
tain mass of amount σG(r∗)V (r∗) = MU (t∗) as given
by equation (3.4). A similar argument could be ad-
duced for more geometrically exotic container spaces.
Thus conservation of energy is not threatened.
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