A Universe from Itself:
The Geometric Mean Expansion of Space
and the Creation of Quanta

James A. Tassano

jimtassano@goldrush.com
ABSTRACT

We explore indications that the universe is undergoing a geometric mean
expansion. Developing this concept requires the creation of two quantum levels,
one being the quantum of our quantum mechanics, and another that is much
smaller. The generation of quanta is what allows space to expand. We find that
quanta are not static entities, but change with time; for example, the energy of
quanta decreases, and the number of quanta increases, with time. The observable
universe grows while the quantum levels shrink, giving a simple mechanism to
explain the expansion of the universe. The universe does not come from nothing;
it comes from itself.

Subject headings: cosmology; creation of quanta; geometric mean expansion of
space; initial state of the universe; significance of Planck values; universe from
itself

1. Introduction

The core idea of this paper is that the universe is undergoing a geometric mean expan-
sion, an expansion made possible by the creation of quanta.

Following the work reported in [1] and [2], in this paper we take the delta E value
calculated in [1], insert it into the time-energy uncertainty relation, and find that delta
time for the observable universe is the Planck time squared. This is a remarkable result.
Multiplying the largest and smallest values to get a constant is suggestive of a geometric
mean relationship. After work on additional calculations that support the idea, we make
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the assumption that the universe is undergoing a geometric mean based expansion, and find
this to be an amazingly productive model.

Many contributions emerge from the geometric mean expansion model.

e We show why, and how, the large and the small of the universe are connected.

e We will derive the initial conditions, such as the age, radius, mass, and energy of the
universe when expansion started.

e We calculate the large and small values of the observable universe.

e We show that uncertainty equations are geometric mean relationships.

e The Planck relation is a geometric mean relation.

e The model reveals the true significance of the Planck values.

e We will show that expansion creates two different scales, or levels, of quanta.

e We repeatedly generate the large number reported by Scott Funkhouser, about 10?2,

and find this number to be a crucial aspect of the geometric mean model of expansion.

e The model produces a possible size for the whole universe, the universe that lies beyond
the observable. We only take a cursory look at this.

e We calculate how many times the universe has doubled, and show its relationship to
Funkhouser’s large number.

e We again see that energy is being continuously created by expansion.

e The creation of quanta explains the addition of space and energy to the universe, giving
us a simple way to explain the expansion of space.

e The universe creates itself, from itself, by way of a geometric mean expansion. It is
not ’a universe from nothing’, but ’a universe from itself’.

1.1. The Large and the Small of the Universe are Related

There are evidences that the large and the small of the universe are deeply related.

Joel C. Carvalho [3], using only atomic scale dimensions, calculated a mass, expressed in
Ry c?
2G

hyperverse terms, of for the observable universe, off by a factor of two from the mass



-3 -

of the universe equation we developed in [1], shown here in equation (1). Carvalho’s work
suggests there is a deep connection between the small and the large of the universe. Dimitar
Valev [4], using dimensional analysis, discovered a geometric mean relationship, centered on
the Planck mass, between the mass of the universe and what he identified as possibly the
smallest mass in the universe, a value similar to that reported by Paul S. Wesson [5], who
also used dimensional analysis. Hasmukh K. Tank [6] gives a number of potential geometric
mean relationships between the small and the large of the universe.

The relation between the small and large appears to have been first noticed by Hermann
Weyl, around 1917, and developed further by Dirac [7]. The geometric mean expansion model
presented in this paper gives a physical basis for the connection between the large and the
small, and for the existence of the large numbers discussed by Weyl, Eddington, Dirac, and
others, but without any need for the time variation in the gravitational constant, G, as
proposed by Dirac [8].

1.2. The Geometric Mean

To calculate an arithmetic mean of two numbers, the numbers are added and then
divided by two. One calculates a geometric mean of two values by multiplying the two
numbers and taking the square root of the product.

Figures 1A and 1B display two ways of visually presenting the geometric mean, the
most common being the triangle in Figure 9A, where the length of side A, times the length
of side B, equals the square of the height: A x B = h?. As side A increases, side B must
decrease in order that their product remains equal to the height squared. A geometric mean
preserves the square of the initial height.

=hxh=1xI |
‘1'?\ 2 1/4x4 1/8x8

N ............. ;
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Figure 1A (left) and 1B (right). Two ways of looking at the geometric mean concept.

With the geometric mean, for every large number, there is a corresponding small number.
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Given height ’h’; if side A in the triangle of Figure 1A were one million units, side B would be
one divided by one million. Expand A to one trillion, and B would be one over one trillion,
and so on; small, but never zero. Just as there is no limit to how large a number can be,
there is no limit to the how small a number can be; the small is as infinite as the large.

The series of rectangles in Figure 1B highlights the preservation of the initial area. As
the height of the rectangle shortens, the length increases, their product conserving the initial
area. A geometric mean expansion of space would therefore involve the conservation of the
initial quantity.

2. The Geometric Mean Expansion of Space
2.1. The Revelation of Delta E

In [1], we gave the mass of the observable universe, M,, as:

RH62

M,
4G

(1)

The energy of the observable universe, F,, is its mass times the speed of light squared,
¢, or:

Ryct
Eo = 4HG¢ (2)

If we take the rate of change of the energy of the observable universe, AFE,, with respect
to the radius we get:

C4
AE, dE, dE 3)
ARy dRy  dRy 4G

Rearranging:

4

C
AE, = EARH (4)

Since ARy = 2¢, [2], we see that AF, is one-half the Planck power:

5

AE, = ;—G = 1.814592 362 824 05 x 1052% (5)
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As a check, we can multiply AE, by the age of the universe, and we get the energy of
the observable universe:

65 RH RHC4
X _

26" 2~ 4G )
The time-energy uncertainty principle is:
h

(7)

With our value of AF,, we can calculate At,, the rate of change of time for the observable
universe. We get a significant result, the Planck time squared:

h Gh
A = = —
fo 2AE, c®

(8)
We have taken the largest value of delta E, and found what appears to be the smallest
delta time value, their product equaling a constant; this is suggestive of a geometric mean
relationship.

2.2. Delta Time Divided by the Total Time Gives ’Small Time

If we divide delta time for the observable universe, by the age of the universe, we get
what we will call ’small time’, ¢,:

At, G Gh
=< -9
T, Eu

- =ty = 6.639859 79840822 x 10~'% seconds (9)
2c RHC

Alternatively, we can express small time as a function of the age of the universe, in a
form we will use later:

<;>2 (10)

where T, is the age of the observable universe, h is h-bar (Planck’s constant divided by
2 pi), [, is the Planck length, Ry is the radius of the hyperverse.

t, =
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Small time, t,, is viewed here as the smallest unit of time in the observable universe,
much less than the Planck time, which is 5.39056 x 10~** seconds. The ratio of the Planck
time to small time is:

5.39056 x 10~

— 60
63080 798 408 27« Tg-i = & 1188467236053 x 10 (11)

This value is equal to the ratio of the hyperverse radius to two times the Planck length:

Ry  2.62397216 x 10 m o
S — 8118474552148 757 7736 x 10 12
oL, 3.2321 x 10-%m x (12)

2.3. Large Energy times Small Time Also Equals h-Bar over Two:

Small time can also be rearranged and expressed as:

h 1
te ==X — 13
Equation (13) looks like the time-energy uncertainty principle when restated as:
h
E, xty,= 3 (14)

In this case we have the largest unit of energy, the energy of the universe, multiplied
by what we are defining as the smallest unit of time, ’small time’, and the result is h-bar
over two, g We see that g is not just the product of the delta values, but also of the values
of time and energy as well, further suggesting a geometric mean relationship exists between
energy and time.

h
AE, x At, = B = E, xty,= (15)

h
2
2.4. The Large and the Small Form Geometric Mean Relationships

We have seen that delta time, divided by the age of the universe, gives small time.
Rearranging (9) gives:
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Equation (16) is a geometric mean equation as well, as we have the largest and the
smallest time values equaling the square of the Planck time, a constant. This implies that
as the age of the universe (which is large time) increases, the small unit of time decreases,
and the pivot point is a constant, the Planck time squared. Equation (15) speaks similarly,
the energy of the universe increases as the unit of small time is decreases.

At this point, let us assume the hyperverse is undergoing a geometric mean expansion,
and examine the consequences.

2.5. The Initial State: When the Age of the Universe Equaled Small Time

We will now explore what conditions existed when the large time and small time were
identical, by setting the age of the universe equal to small time, and solving first, for the
radius:

R G h
Let the age of the universe equal small time: —— = 2— —— (17)
2c c* Ry
The hyperverse radius at this initial moment was two times the Planck length:
initial hyperverse radius = R; = 21, (18)

When the age of the universe was equal to small time, the radius of the hyperverse was
two Planck lengths. Let us now substitute 2/, for Ry in other equations.

Substituting the initial length of 2, for the hyperverse radius in ‘Z—f, our equation of

the age of the universe, gives us the Planck time, ¢,, as the initial time:

Ry _ 2, _ [G

2o = 50 =\ 5h="t,= initial time (19)
C C C

Substituting 2/, for Ry in the equations of the energy and mass of the universe, gives
the initial energy of the universe as one-half the Planck energy:
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Ruc* (2L, ¢t ¢ E
412? — ( 41’6):0 — 2G = 7” = initial energy (20)

The initial mass of the universe was one-half the Planck mass:

ch
Rpc®  (21,) a M, . ..
= =2 = 1 21
1C e 5 5 initial mass (21)

The initial angular momentum of the universe, L. = muvpr, was the square root of two
times h-bar:

(21,) ¢ s
T (\/50) (21,) = V/2h = initial angular momentum (22)

Note that the tangential velocity is taken as a constant, v/2c , [2].

The rotational kinetic energy, %I w?, is the same as the initial energy:

s () i (B) e -7

The initial circumference was 2721,

The initial period of rotation of the universe, (with v, = 0), was 2v/27t,:

i fi 2m2l
Period = Circumference _ 2m2l, _ 2v/2m4 / gh — 2V/2rt,, (24)
vr \/ﬁc b

The initial frequency (also with v, = 0), is the inverse of the period: 2\[%
Tlp

The initial Schwarzschild radius (using the initial mass) was the Planck length. Even
at the initial state, the Schwarzschild radius was one-half of the hyperverse radius.

M 2G|

Rschwarzschild = 2 2
C C

p (25)

Table 1 gives a summary of the initial values. The subscript i’ represents the initial
value, when the age of the universe equaled small time.



R; = 2l, li=1,
Ez‘ — % M,L = %
Initial Frequency = M+t Initial period of rotation = 2\/§7rtp
Tlp
Initial KE,otationa = M;c* = E; Initial Circumference = 4xl,
Table 1

2.6. The Large and Small Values of the Observable Universe

Using the concept of the geometric mean expansion and the initial values, let us deter-
mine the large and small values of the universe.

We can calculate the geometric mean counterpart to the radius of the hyperverse, what
we will call the small radius, Rs. The hyperverse radius, Ry, multiplied by this small radius,
R,, is equal to the initial radius squared: Ry x Ry = (2lp)2. The small radius is:

(le)2 4l§ —96
R, = "5 = 20 =3.98116663326184 x 10 *m (26)
H H

The small radius can also be expressed as:

(5)

The energy of the observable universe, times the small energy, should equal the initial

R, =

energy squared: E, X Espg = E?. Rearranging and solving for the small energy gives us
ch

E.
energy quantum’, Egsgg:

We will refer to this quantum of energy, associated with the small energy, as the ’small

2

Sh 2
G
E? < ’ ) ch 52 1
Bswo =g, = T ES Ry 1. 204863 88804140 x 1077 — kg (28)

The structure of the equation for Fgpg is similar to the Planck relation. Notice that
Espq decreases with time (because Ry increases with time).

The small energy quantum can be expressed as:
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K,
2
(%)
21,

Similarly, we can calculate small mass, M, using the geometric mean relationship,
M, x My = M?.

ch 2
Mi p—
Mspg = M, = RfGC2 = R = 1.340591 87256624 x 1079 kg (30)
M,
Mspqg = 3 (31)
Ty
20,

The small volume is:

Vo (initial volume)? _ (272 (2lp)3)2 _ 2m2 R, (32)
* surface volume of hyperverse 2m2 R, ( Ry )6
21,
The radius for this small volume is the small radius, Rj:
: s (2L,\%)° 4
Radius of small volume = | Ry, o =R, R (33)

To calculate the period of rotation, we calculate the period related to the observable

hyperverse: the circumference, C,, divided by the tangential velocity, vr. The tangential
Ry

velocity is a constant, v/2c. T, is the age of the universe, S

C, 2mR R
Period of rotation of observable universe = —2 = —— 2 — /o= _ 9\/27 (T,) (34)
c

UTi \/§c B

Using the geometric mean relationship and our value for the small radius, we get the
small period, which is a factor of the small time:

s 2mhy
Period of rotation of the small = g _ 2k

Py W 2V/2r (t,) (35)
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Both periods, as does the initial period, have the same structure, 2v/27 x time.

Frequency is the reciprocal of the period:

1
frequency of rotation of the small = ——— (36)

2¢/27 (1)

The angular momentum of the observable hyperverse, L,. The velocity is the tangential
velocity, V2c.

2

Rpc? R\’ m
Ly = mrv = ( 4HG ) (Ryr) (\/ﬁc) =V2h (2—;1) = 9.820 70248345473 x 105~ kg
p

(37)

From this we can calculate the geometric mean partner of the large angular momentum:

2
L2 2h 2L, \ > 2
Ly="1 = CEDNINYA <—p) — 2.26278159912041 x 10756 kg (38)
S

L, \/ﬁh(%f B Ry

Notice that L, matches the angular momentum derived from using the two quantum
quantities, F, and Rq:

e () () 8- ()

2.7. Summary of Values

Table 2 shows the initial, large, and small values for the observable hyperverse. To
clarify, ’small’ refers to the value generated from the geometric mean expansion. Some
quantities are attributable to the small energy quantum and others to the small radius
quantum, both of which we will explore next.



Initial Large Small
Radius 21, Ry R, =2
Time tp A I;—’C{ ts = ZCgH

E o Ryt i _ Ract
Energy 2 =3 Eo =76 | Bs = 5, = "ic = Eskq

ch
Mas | %= VE | =
Angular Momentum V2h V2h (%) discussed later
Period 2V2r (t,) | 2v2r (T,) 2v/27 (1)
1 1 i
Frequency 272 (1) 22 (Ty) 2r(ts)

Table 2. A summary of some dimensions of a universe undergoing a geometric mean

expansion.

2.8. Products of the Large and Small Equal Constants

To further build the case that the universe undergoing a geometric mean expansion, let

us start by looking at the product of some of the large and small aspects of the universe,
from Table 2. We find they equal constants, as summarized in Table 3.

small \ large Radius Ry Time 22

Ryct
" 5= Energy
.4
Radius e
H

2
e Mass —Rfcf
2%h ch

h
c

Time 2 C% }{—LH 2 % % 2%

Energy g; ch g fg}

ITe]

Table 3. The product of large and small values equal constants. The left column represents

the small values from Table 2, and the top row gives the large values. The product of the

same dimensions, such as large and small radius, equal the initial values, squared, and are
left out to highlight the other products.

2.9. Large and Small Delta Values

Let us now determine the delta values for the small and large aspects of the geometric

mean expansion. We can calculate the rate of change of the small counterpart of ARy , by

dividing the square of the initial radius, (21p)2, by ARy. We previously [1] calculated ARy
to be 2c. We get:
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41> 46h oG
D 3 —78
= < = =1.74228072573264 x 10 40
ARy 2c ct . e (40)

A}%small -

Since delta E for the observable hyperverse is AE, = %, small delta E comes out as
h-bar divided by two, %:

cSh 2
G
ey () 2
AE = 1aAe;ergY) — S =5 =5.2m28633 X 0P —kg  (41)
o e

Small delta mass, AM,,,qu, iS %:

QS

2
initial 2 ( 2 ) h

AM,,, — nitial mass)” L 5866851 64630807 x 102 ske
AM, = 2¢2

(42)

Delta time is the Planck time squared. The initial time is the Planck time. To get
the geometric mean counterpart, we divide the square of the initial time by our value of At.
Since they are the same, we get one, just the number one, a quantity without any dimensions
such as length, energy, mass or time:

)’
Aty = 4l =1 (43)

Table 4 summarizes the large and small delta values, and shows their geometric means,
matching those of the large and small from Table 2.

big A small A

ARadius 2¢ %
ATime 1 hc—?
c® h
AFEnergy 2G g
C
AMCLSS bYe] 52

Table 4. A listing of the large and small delta values of the universe.
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2.10. The Products of the Large and Small Delta Values

Here we take the large and small delta values from Table 4, and cross multiply them.
Table 5 gives the summary

small \ large ARadius 2¢ ATime 1 AEnergy % AMass %

ARadius 2CG—45 20%71 ch %
e BG el h h
ATime 05;7 25h ) 5 236721
! 13 C
AEnergyTE th ? " rrel
13 1 ] CcC™ N
AMass 55 ¢ 32 el

Table 5. The products of the large and small delta values

2.11. Uncertainty Principles are Geometric Mean Equations

We find that Tables 3 and 5 give identical products. The product of the extreme large
and small is the same as the delta values. Besides both products being identical, and equaling
constants, as we would expect for a geometric mean relationship, the products give us the
uncertainty relationships. We have seen some of this already, in particular, the time-energy
uncertainty relation, as in equation (8).

We are using delta radius, not delta length, in these equations. For example, looking
at the relation between energy and radius, if we take the radius and divide it by 2, we get a
‘length’. A ’length’ is one-half a radius. Recall that in the initial state, the radius was two
Planck lengths. The Schwarzschild radius was one Planck length. We will define one-half
delta radius as delta length and show it as Az. This is defined here as ’position’.

A
TR = Alength = Ax = position (44)

From this, we can derive the position-energy uncertainty equation:

h
Ax x AE = % the position-energy uncertainty relation (45)

And we can derive the position-mass uncertainty as such:

h
Az x AM = % the position-mass uncertainty relation (46)
c
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Line 6 gives the relation between time and radius. Again, using the concept of position

as %, we find:

Gh
Ax x AT = —- the position-time uncertainty relation (47)

Numerically, the position-time uncertainty is:

G G — 8.7114036286631927612 x 10~ ms (48)

ct

The message intended here is that uncertainty relations are geometric mean equations.

2.12. The Planck Relation is a Geometric Mean Equation

We have established the following relations regarding the product of extreme mass and

radius:

1. ARXxAM =1

2. RHXMSEQ:%

4 Ryc? h
3. RSRQXMo:ﬁX fG :zl

We can rearrange these equations as such:

1. AR = S
_ h
2. Ry = e

3. Rspro = ﬁ

Notice that these are all Planck relations.

We can do the same thing with radius and energy. Rearranging gives us the Planck

relation:

1. ARxAE =ch= AE = £%

ch

2. RH X ESEQ =ch = ESEQ = Ry
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Another way to look at how the Planck relation can be considered a geometric mean
relation is considering the Compton wavelength. The Compton radius for a mass the size of
the observable universe is given in the Planck relation:

R h
Compton —
M,c
Rearrange and insert our mass value:
R HC2 h
X RCompton =

4G

The Compton radius of the observable universe is the small radius, Rgprg-

By
RC'ompton - ﬁ = R_p = RSRQ = the small radius
4G H

The largest mass, times the smallest radius, is a constant, % We get the same result
if we multiply the largest radius times the smallest mass. And we get the same result
multiplying the large and small delta values. This most fundamental quantum equation, the
Planck relation, is a geometric mean relationship, supporting the claim that the universe is
undergoing a geometric mean expansion.

2.13. The Planck Values Represent the State of the Universe When
Expansion Started

The geometric mean expansion model produces Planck values for the initial condition,
as seen in Table 1. We defined the initial time as the Planck time. Our initial time is not
"time equals zero’, but ’time equals 5.39056 x 10~4* seconds’. This is the starting age of the
universe for this model. The initial energy, mass, radius, and angular momentum, etc., are
the values when the universe was as old as the initial time, which was the Planck time. These
calculations do not tell us about the nature of the universe prior to the Planck time, but
they do tell us what the Planck values are, and what the universe was like at that moment.

Although the Planck units are profoundly important in physics, they have no clear,
accepted, physical significance. The Planck scale is often said to be "the limit below which
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the very notions of space and length cease to exist" [9], which is inconsistent, given that the
Planck energy and mass are gigantic values. The Planck mass is 10'° times greater than the
mass of a proton.

An extremely large Planck value is the Planck power, P,, given as the Planck energy
divided by the Planck time:

cbh N
E T S (299792458 x 105 ms ™! J
B _Ve ¢ A0S ) g 699184725648 002 6498 x 102
tp [hG G 6.67259 x 10~ m3kg " g2 S

(49)

Far from being a lower limit, the Planck power has been said to be the absolute upper
limit for power of anything in the universe [10]. Notice that our value of delta energy of the
observable universe, AFE,, is one-half the Planck power (the initial energy divided by the
initial time), and we derived it from a geometric mean equation.

The Planck values represent the initial values of the universe, the geometric means of
aspects of the universe, as shown in Table 1. They tell us about the state of the universe
at the time expansion started. This explains, for example, why the Planck values have no
identifiable physical significance; they are historical values, preserved as geometric means,
accounting for their odd range of sizes, and their presence in cosmological calculations.

3. Expansion Creates Two Quantum Levels
3.1. The Small Energy Quantum

The energy of the small energy quantum, Eggg, is the geometric mean counterpart of
the energy of the observable universe. If we divide the energy of the hyperverse by the energy

2

of the small energy quantum, we see there are (%) units of Espg within the observable
p

universe:

RHC4 R 2
number of small energy quanta = ﬁ = (Z_ZH) (50)
" p

The volume and radius of the small energy quantum can be calculated by dividing the

2
volume of the observable universe, V,, by the number of small energy quanta, (%) , and

calculating the radius:
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V, 212 RY, 9 9
volume of a small energy quanta = = 5 = 2T (RH4l )
number of small energy quanta ( RH> P
20,

(51)

The radius of the small energy quantum is the cube root of the term (RH4Z§):

Rspq = radius of small energy quanta = {/ (Rg4l2) = 6.495953894 22741 x 10~ m (52)

This radius can also be expressed as:

20,

R =R —_— 53
SEQ H <RH) (53)

3.2. The Small Radius Quantum

We can calculate the number of small radius volumes within the observable universe by
dividing the volume of the observable universe by the volume of a 4D-sphere with radius Rj:

21 R} R \°
number of small volumes = —— 2 — < H) (54)

. e
272 (%) 2y

Dividing the energy of the observable universe by the number of small volumes gives
the energy per small radius volume:

Rff Rpyct 20, \ 906 7
SR - - 2 ) = 2.7735819404929 x 107202 kg (55
Q energy RH>6 16 " <RH> 8 ke (59

e

We will refer to the quantum defined by the small radius as the small radius quantum,
or SRQ.
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3.3. The Quanta are Distinct

It appears that the geometric mean expansion of space creates these two quantum lev-
els, the small energy quantum, or SEQ, from the energy of the observable universe, and the
small radius quantum, or SRQ, from its radius. In addition to both quantum levels being
generated by expansion, they are closely related as such:

E 4
oSEQ _ © (56)
RSRQ 4G
This ratio matches the energy to radius ratio of the observable hyperverse:
EO RHC4 4
— o _ ° (57)

Ry Ry 4G

Despite the deep relationship between the quantum levels, both the SEQ and the SRQ
have distinct identities.

4
The SRQ is smaller than an SEQ); the small energy quanta consists of (%) units of

small radius quanta:

=

Ry

number of small volume quanta (TH> 6 4
d =Fr (7) = 4.344 079202020 98 x 10*** (58)
P

number of SEQ N ( : )2

A side-by-side comparison of the two quantum levels is shown in Table 6:

s
as

I\

SEQ (small energy quantum) SRQ (small radius quantum)
Radius | (Ry412)® ~ 6.49595 x 10~ m Mo 398117 x 107 m
1
Energy | 2~ 1.20486 x 1072 % kg | £ (%) ~ 277358 x 1072961 kg

Table 6. Comparison of the energy and radii of the two quantum levels
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4. The Large Number of the Universe

4.1. The Ratio of the Large to the Small

2

The term };TH , the ratio of the hyperverse radius to the small radius, reoccurs in the
P

hyperverse model, and will be referred to as the 'large number’:

large radius Ry

R 2
The large number = = ( H) = 6.590 962905388 70 x 10" (59)

small radius 43 %

Ry

Its reciprocal is:

2L, \
The reciprocal of the large number = <R—p> = 1.51722899120311 x 10~'*  (60)
H

The large number is the common ratio of the large and the small in the observable
universe.

. R 2

large time 5% (RH) (61)
. G h

small time 25w, 2L,

large energy Rfcf4 ([ Ru 2 (62)

SEQ energy g—z -\ 2,

Volume is the cube of the radius and this ratio of large to small is the cube of the large
number:

3
large energy _ R%Gcél _ Ry 2 _ Ry 6 (63)
small volume energy 5 p3 ( 2, ) 6 21, 21,
H

Ry

The small values of the universe can be expressed in terms of the large number as shown
in some examples in Table 7:
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Small
. 21, \ 2
Radius R, = Ry (ﬁ)
2, \ 2
Time T, =1, (ﬁ)
2
Energy Espg = E, (%)

2l 2
Mass M, = M, ()
H

Table 7. Expressing features of the universe in terms of the large number.

4.2. The Large Number

In 2008, Scott Funkhouser [11] reported six cosmological numbers equaling approxi-
mately 1022, very close to the 6.59 x 102! figure that we are seeing repeatedly in our
calculations.

The first example Funkhouser gave as producing this large number is the ratio of the
initial mass density to the vacuum mass density. Calculating this ratio of mass densities
gives us the large number:

ch
G

2

. . initial mass 2( \/E)S 2
initial mass density =~ T e e (2 F) (RH) (64)
: ; " mass of the observable universe Rpyc2 -
mass densfcy of universe surface volume of hyperverse # 2lp
Ty

Funkhouser’s second example, deals with the ratio of the mass of the universe to the
smallest mass. We will take his particle horizon as the radius of the observable universe. The
Wesson mass, which he describes as the smallest physically significant quantum of mass in
the universe, is given as about 1.5 x 107% kg, a value he derived by dimensional analysis [5].
The Wesson mass is remarkably close to our SEQ value of about 1.341 x 107% kg, derived
from the geometric mean expansion model. Using our values for the masses, we get the large
number:

RH02 2
R
6 — <—H) (65)
2\,

The third example says that the maximum number of degrees of freedom in the universe
is one quarter of the surface area of a sphere whose radius is the cosmic event horizon. The
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event horizon distance, in the hyperverse model, is the radius of the hyperverse, divided by
two. The value reported by Funkhouser is approximately 2.5 x 10*22. Our value is:

Ry

2 2
By R
TV (13 ) . (2_;{) — 2.070612064 365197093 6 x 10?2 (66)
D p

Example 4, Funkhouser equation 2.4, the maximum number of logical operations that
2Mpoc?Th
mh
the particle horizon, and T} is the age of the universe. The value Scott Funkhouser reports

could be performed by a mass the size of the observable universe is , where M, is

is 2.1 x 10122, We will define M, as the mass of the observable universe, M,, and the age
as Ig—f‘ We get:

2(H) B g,
c H 121
=—|—] ~2.098x10 67
mh T (21p) % (67)

The number of nucleon volumes that can be held within the volume of the current event
horizon is the subject of example 5, Funkhouser equation 2.5. The answer given is about
1.3 x 1023, Our value, using Ry /2 as the event horizon, is:

272 (RTH>3 _ 1 (@)2 (68)
272 (Rydl2) 8\ 2,

Had they instead used the observable universe as the volume, we’d find a perfect match
to the large number.

Funkhouser’s example number six deals with the ratio of the gravitational potential
M2,
o
is the mass of a nucleon and [,, is the length of a nucleon. Funkhouser value is approximately

energy of the universe over the gravitational binding energy of a nucleon: / T—% where m,,

9.3 x 10!, Using our values, we get the large number:

By

2
oL ) , is the large number reported by Funkhouser.

It appears our large number, (
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4.3. The Number of Frame Advances

The hyperverse model incorporates the concept of frame advances [2], the incremental
steps of radial expansion, where it was proposed that a frame advance is one radial length.
The number of frame advances, since the start of expansion, is the ratio of the hyperverse
radius to the small radius, and that works out to be the large number:

dius of h R Ri\’
Number of frame advances = — © yp?rverse =d_(Z£ (70)
small radius A 21,
Ry
Small time was defined, in equation (10), as RT” 5, the age of the universe divided by

H

21
the number of frame advances. Thus ¢, small time, is the time it takes to make one frame

advance. In one frame advance, the universe advances one small radius of distance, in one
small unit of time. The velocity is 2¢, our rate of radial expansion from [1]:

R 45
v=""= M =9 (71)
t, 244

5. Significant Geometric Means for the Derived Quanta

As stated, the SEQ energy and the SRQ radius, are geometric mean counterparts of
the energy and radius of the observable universe, respectively. That leaves us to enquire as
to what might be the geometric mean counterparts of the SEQ radius and the SRQ energy.
The results are profound.

5.1. The Size of the Whole Universe - a First Look

We can take the energy value of the SRQ, and using the geometric mean concept,
determine its large partner energy. Dividing the square of the initial energy by the small

4
radius quantum energy gives F, (%’) :
P

5ph 2
( 2G) RHC4 RH 4 RH 4
Elarge = = T = EO YD (72)
p
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The result hints at the possible energy, and size, of the whole universe, greater by a

4
factor of %’) , or 4.3 x 10?*® times the observable. The whole universe is potentially
immensely larger than the observable universe. This topic is beyond the scope of this paper,
but is too suggestive to not include here.

5.2. The Particle Radius

The small energy quantum radius, Rsgg, is 6.495953894 22741 x 10~ meters, very
close to the reduced Compton wavelength of elementary particles and nucleons. The geo-
metric mean counterpart of the small energy quantum radius, Roy seq, is:

(2,)°  [161\*
Rom seq = T = =1.6081503317446872207 x 107’ m (73)
(Ryai2)s \ i

It will be argued in [12] that the similarity of Rggg to the Compton radius of an elementary
particle is not a coincidence, and that Ry srg, the geometric mean counterpart of Rsgq,
is the actual, idealized, particle radius, and leads to a model of both matter and gravity.

6. Creating the Observable Universe from a Planck Scale Vortex
6.1. The Number of Doublings is the Square Root of the Large Number

To calculate the number of times the hyperverse has doubled, we can ask what value of
'n’ solves this equation:

2" x 2], =Ry or 2" = ];TH (74)
P

There have been about 202.3 doublings of the hyperverse since expansion started:

Ry 2.62397216 x 102 m
logy | 57~ | =1 — 202. 4366 120 61
0g, <2lp> 0g, (2“.61605 105 m>> 02.336894 366 120619 5 (75)

The value of 2202-3368943661206195 g the square root of the large number:

9202 330894360 1206195 — 8 118474552148 757 7828 x 10% (76)
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We can use the equation 2" x 2, = Ry to check that it produces the hyperverse radius,
which it does:

(8.118474 552148 7577828 x 10%°) x2 (1.61605 x 10~*° m) = 2.623 972160 000 000 003 0x 10*° m
(77)

We can apply the doubling concept to energy: 220233689436612061950 initia] energy:

202 33650366120 51950, 1956 333 046 737 7172254 x 10°

5 J = 7.941226 863 350439 148 x 10%° J

(78)

I . . 4
which is our value for the energy of the universe as derived from }ZLGC.

The doubling applies to time as well, giving us the correct age of the universe:

(8.118474552148 7577828 x 10%°) x 5.39056 x 10~*'s = 4.376 3124181831 x 10'"s (79)

For an example, we can take the initial time, the Planck time, and multiply it by gTIZ to

Ry "G Ry
(7) “VE T e (80)

6.2. Doubling: "Now’ versus 'Then’ for the Observable Universe

get the current age:

An easy way to see the effects of a doubling of the size of the hyperverse is to compare
the hyperverse today, or "now", to when its radius was one-half the current size, which we
will refer to as "then". Let us start with the radius:

large radius now Ry

=Ry =2 81
large radius then RTH (81)

As we would expect, the large radius has doubled with a doubling of the large radius.
Next, we see that the small radius, R, shrinks by one-half with a doubling of the hyperverse
radius:
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SRQ radius now 7, 1 (82)
SRQ radius then iﬁ 2

H

2

Let us look at the SEQ radius, Rsgq, which we generated as the radius of the small
energy quantum. We find that it actually gets a little larger with expansion, growing by v/2
as the hyperverse radius doubles:

Wl

RSEQ now . (RH4l12))
Rspq then (RTH4l12>)

= /2 =1.259921049 894 87 (83)

W=

The surface volume of the observable hyperverse, which is the volume of the observable
universe, increases eight times:

hyperverse surface volume now  2m°R} . (84)
hyperverse surface volume then 972 ( RTH )3 N

while the surface volume of the small volume (based on R;) shrinks by one-eighth:

42\ 3
small surface volume now  27°R? 27" (ﬁ) 1 (85)
small surface volume then 9,2 (&)3 B w2\ 8
2 A2 p
By
2

The total energy of the universe doubles with a doubling of the hyperverse radius:

total hyperverse energy now RfGC4 _ 9 (86)
total hyperverse energy then n % N
4G

The energy of the small energy quantum (SEQ) shrinks to one-half per doubling of the
hyperverse radius:

ch

the small energy quantum now 7, 1 (87)
the small energy quantum then % 2

2

The number of SEQ increases by four times with a doubling:
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2

R
the number of SEQ now (ﬁ) _y
the number of SEQ then (RZH > 2

The surface volume of a SEQ increases by two with a doubling:

volume of one SEQ now 272 (RH4Z§) _

volume of one SEQ) then 272 (RTHZLZIQ,)

The energy of the small radius quantum (SRQ) shrinks to 1/32:

. o (2"
the small radius quantum energy now Ry \ Ru

the small radius quantum energy then ( ) )4 32
By \ Rum
2

h
Ry
2
while the number of SRQ volumes increases by 64 times:

Ry \°
number of SRQ now (%) _ 64
number of SRQ then (R2H)6

21,

The energy density of the SEQ drops to one quarter:

ch
Ry
SEQ energy density now  2r%(Rrp42) 1
SEQ energy density then % 4
2

a

SRQ energy density now
SRQ energy density then <T )
3
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And the energy density of the observable hyperverse also drops to one quarter:

RHC4
hyperverse energy density now 27;%%?;1 1 (94)
hyperverse energy density then s 4
4G
()

Time is directly proportional to the hyperverse radius, wherein a doubling of the hyper-
verse radius is accompanied by a doubling in the time passed:

time now Ly
—— = - =2 (95)
time then =

2c

A summary is given in Table 8. An arrow pointing up indicates the quantity increases
with time, while a downward pointing arrow means the quantity decreases with time:

observable SRQ SEQ
Radius RH =2x T RSRQ = %93 l RSEQ = \3/51' T
Volume per unit Vo=8xT Vspg= %:L‘ ! Vspg =22 1
Energy per unit E,=2x7 Espg= 3—121: I Espg= % !
Number of units 1 64x T 4o T
Total Energy = Energy x Number 2z 1 2z 1 2x T
Energy Density 1 1 1l

Table 8. Summary of the effects of a doubling the hyperverse radius, on the observable
hyperverse and the two quantum levels.

6.3. The Speed of Light Remains Constant

Like the tangential velocity, the speed of light remains constant. The speed of light
can be described as the distance light travels in one unit of time. With our geometric mean

values, we see that light travels one small length, which is one half the small radius, in one
small unit of time:

. R, R
small ra‘dlus now Bt 5" — ¢ (96)
small time now ts 29I
ct Ry
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Using a 'now and then’ approach, even a doubling of the hyperverse radius, which alters
both the value of the small length and small time, the speed of light remains constant, so
the speed of light is unchanged by expansion:

small radius then _ T2, (97)
small time then 2%%

6.4. The Continuous Creation of Energy

With a doubling of the hyperverse radius, we find that the radius of the small radius
quantum (SRQ) shrinks by one-half, accompanied by a decrease in the energy per small
radius quantum, to 1/32 of the starting value, while the number of SRQ increases from one
to sixty four, producing a net increase in energy of two times, matching the increase of the
universe. At the SEQ level, the total energy doubles as well.

The first doubling was like any other. Energy doubled from one-half the Planck energy
to the Planck energy, while the doubling of this initial hyperverse radius produced 64 hyper-
vortices comprising the surface of the now rapidly expanding hyperverse. Approaching this
a little differently, since rotational kinetic energy of a single vortex is %I w? or%mr2 <@)2,
which reduces to mc?, multiplying this energy by the number of vortices, 64, we get the dou-
bled energy. The initial energy was one half the Planck energy, so the first doubled energy

was the Planck energy:

4l,c? 6
I 5 1 G ( )2 Al \ " 1o
2mvT = 5 <ﬂ)6 \/50 X 2lp = GC h = Epianck (98)

21,

The expansion created energy from its very start. From an initial energy of one half the
Planck energy, or about 9.78 x 10® joules, the current energy of the observable universe has

increased by 8.1186 x 10 times, or 2

otk to its current value of about 7.94 x 109 joules.

As discussed in [12], the ratio of mass or energy to the radius is conserved with expansion,
the relationship being quite visible in our equation of the mass of the universe, F, = R%f.

. . . 4
The ratio of energy to radius is a constant, ;:
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E, = Ry (40;) (99)

From this equation, we see that a doubling of the radius would produce a doubling of
the energy; they are closely bound; increasing the radius increases the energy, supporting the
'now vs. then’ calculations. All of this also tells us that the universe is continually creating
energy.

In equation 17 of [2], we saw that the Hubble constant could be defined as the ratio of
the change in the energy of the observable universe to its total energy,

(100)

implying that the Hubble constant is a measurement of the increase in energy in the
universe, a continual process.

6.5. The Quanta were United in the Initial State

In the initial state, both the SEQ and SRQ were identical quanta; they were as one
with the initial state. As the following calculations show, there was no separation between
the quantum levels or between them and the initial state. We can take our initial values for
energy and radius, plug in the energy and radius values for both the SEQ and SRQ, and we
get the initial values. Both quantum levels were united at the initial state; there were no
quanta.

2 2 cSh
Rpyct 2l 20,ct 2 <k
SEQ energy: ( 1G > <_P> = (4?;) <ﬁ> — 2G

SEQ radius: (Ry4l2)? = (21,412)° = 21,

n o2 no(20,\ céh
SRQ energy: 15—}1( ”) :>ﬂ( ”) =5

2 2
SRQ radius: R—p = % =21,
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7. A Universe From Itself: The Geometric Mean Expansion Creates Space
and Energy

We will now present insight into how the geometric mean expansion of space creates
space and energy, starting from our initial condition.

7.1. Adding Space to the Universe

Let us look at the two quantum levels, starting with the small radius quantum, or SRQ.
With a doubling of the hyperverse radius, each SRQ turns into 64 SRQ, each individual
quantum having a radius of one-half the starting value. Sixty four SRQ would make a cube
4 x 4 x 4 per side. After a doubling, the length of a side contains four SRQ, each with a
new radius of one-half the starting SRQ radius, so the side has grown from one length to
two lengths. The distance between two points has doubled, as expected with a doubling of
the hyperverse radius.

With a doubling of the hyperverse radius, one SEQ turns into four SEQ, while the SEQ
radius has grown by 23 times. The four SEQ would make a cube 43 (equivalent to 2%) units
per side, with the radius of each quantum being 25 times larger. The product of the two
also gives us the expected increase of two times:

23 quanta per side X 23 length increase per quanta = 2 (101)

Or we can take the cube root of the product of the final volume, after a doubling, and
see that the radius has grown by two times:

3
24 (2%> =9 (102)
We can argue that adding volume, or distance, to space is just as much of an issue as

adding energy. The geometric mean expansion, acting on the quanta of space, allows the
three dimensional volume of space to expand, and the ’price’ is shrinkage of the small radius.

7.2. Adding Energy to the Universe

The energy equation for the observable universe is:
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RHC4
) -
VTS

(103)

The equation is the same for the initial condition, when we use the initial radius, 2[,,,
as the hyperverse radius, as seen in equation (20), above.

Centripetal force, F, discussed at length in [12], is

v2 Ryc? 2¢2 ct
¢ r 4G Ry 2G (104
Energy, R%gl, can be expressed as the product of centripetal force and distance. In our

case, we have:

Eo = Fo x dist A (105)
= istance = — X ——
o= ¢ 2G 7 2
where the distance is one-half the radius. Energy, then, is a function of the radius. With
a doubling of the radius, we have a doubling of energy. And as with space itself, the trick is

in the shrinkage of the quantum radii.

7.3. A Universe from Itself

The large and the small of the universe are connected to one another because the universe
is undergoing a geometric mean expansion. The geometric mean model takes the universe
back to the Planck time, when the universe was about 5.39 x 10~* seconds of age. There
were no separate quanta when expansion started.

A geometric mean expansion allows us to explain how to grow the hyperverse, going
from an initial vortex, with a radius of two Planck lengths, 1.61605 x 1073° meters, to the
observable universe, at 2.62397216 x 10%% meters, to even what appears to be the whole
universe, at 4.281 x 10'%7 meters (unpublished data), without any need to create something
from nothing.

It appears that the creation and continued shrinkage, or relative shrinkage, of quantum
levels allows the whole to expand. The whole gets larger while the components shrink, the
process following a geometric mean relationship. A geometric mean expansion conserves
certain values, and in the case of the expanding universe, it is the Planck values that are
conserved.
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Many cosmologists believe the universe came from nothing; where else could the vast
increase in energy come from? Nothingness seems the only source. There is a simple alter-
native. The geometric mean expansion of space gives us a way to grow a universe without
added energy, eliminating the need to figure out how nothing can become something, at least
starting from our initial state.

Expansion is self-contained, the whole expanding while the quanta shrink. It is not a
universe from nothing; the universe creates itself, out of itself. The universe comes from
itself.

In [12] we develop the hyperverse concept further, and based on the creation of quanta,
develop a model of matter. We will see that particles of matter, like quanta, are not static
entities, and this immediately leads to a model of quantum gravity.
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