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In this grand thought experiment, the author, Mr. Tom DeGerlia, introduces the “Space-Time
Equivalence,” the key manifestation of Scale Relativity, and explores these principles as they apply to
systems from the observable universe down to the subatomic. We explore physical phenomena that
may not be fully or adequately explained by current physics models, such as gravity, gravitational
waves, black holes, and quantum effects, and attempt to explain them under this framework and
its underlying principles. We also discuss how these principles inform us about the behavior, across

scales, of our observable universe and beyond.

Forward

The author, Chemist, and Al Engineer, Tom DeGerlia, has a per-
spective on the universe rooted in observable behavior from quan-
tum to cosmic. Mr. DeGerlia exercises expert objectivity, enabling
him to observe and interpret challenges considered impossible
under existing logical frameworks. In this grand thought experi-
ment, Mr. DeGerlia attempts to reframe our interpretation of the
observable universe within his Principle of Scale Relativity and its
key manifestation, Space-Time Equivalence. The former, the cen-
tral but largely overlooked aspect of the Theory of Relativity, and
the latter, the key manifestation of this relativistic principle, are
concepts that have always felt intuitive to the author. Explore an
amazingly elegant, complete, and intuitive understanding of our
universe, the Universe of Light.

Author’s Goals

I have rarely been discouraged from offering creative explana-
tions when solving problems. I have spent a considerable portion
of my 55 years assisting friends and family with technical support,
and one obstacle always opposes the solution over all others: the
opinion of the last person who tried to solve it. I commonly hear
as I perform a diagnosis, “I already tried that...”, or “I know that’s
not it because...” to which I reply, “oh gosh, its already fixed?”
They reply, “no”.

This is a very real obstacle because, to solve their problem, I
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must now insult them, which is hardly an accurate representa-
tion of my intent or sentiment. These are all very smart people.
However, something in the human brain would be vindicated if
the problem were impossible to solve. That thing is ego, and it
happily opposes truth. As such, I regularly trick myself into ob-
jectivity, and these tactics have been crafted into a methodology
around maintaining objectivity that I exercise daily.

True objectivity is an ideal that we can only aim for. And, of
course, the pursuit of objectivity is not considered virtuous to all.
However, I have found, in the context of problem-solving, that
the degree to which I uphold this ideal is proportional to the like-
lihood of solving the problem. Because swift resolution always
benefits from more information, the underlying obstacle almost
always comes from misrepresenting what is known. As such, I
immediately visit all factors and strip out the ones that are conclu-
sions, not observations. Observations are much more likely to be
reliable because they do not, in and of themselves, consist of any-
thing speculative. A conclusion, on the other hand, is often flawed
because it attempts to explain the behavior. The conclusion is,
therefore, a “hypothesis of explanation” and should be treated
accordingly. As such, a cornerstone of my multi-faceted objec-
tivity system is to treat the underlying explanations that serve to
limit possible interpretations as a presumption.

In this spirit, I have considered the mathematical and logi-
cal nature of the universe deeply, taking care to minimize non-
scientific influences: scientific rhetoric, artificial boundaries, and
self-protectionism that obstruct science rather than further it. As
such, I aim for the scientific community to engage with this cool
thought experiment, ask questions, and offer logical challenges.
Now, there may prove to be little or no validity to my hypothe-
ses, but my interpretation is consistent with modern physics,
QFT, quantum mechanics, Newtonian physics, and cosmology.
Through unbounded thought experiments that deliberately ven-
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ture into the unimaginable or seemingly impossible, some amaz-
ing truths emerge.

As a final note, I have thought through this experiment both
mathematically and conceptually and can offer much insight re-
garding how to model a system or make predictions based on
scale relativity. I encourage anyone interested who has com-
ments, corrections, challenges, or who wants to collaborate to
reach out directly via the contact information herein.

Ethical Considerations

Given the potential “gravity” of this topic, I grappled considerably
with the ethics of disseminating this information. If I am wrong,
that’s okay, it won’t be the first time. But if these theories hold
merit, technology advancements will be considerable.

Ultimately, the best thing for humanity, in my opinion, is to
swiftly transfer this knowledge to the scientific community as
stewards of truth and ethical use of human knowledge. It is for
this reason that I have put forth this principle more theoretical
and less mathematically rigorous introduction to these principles.
I aim to extend this knowledge to the curious and science-minded
early so these ideas can spark ethical debate and take a life of
their own in the science community while non-scientific interests
wait for engineers to identify, vet, and monetize this knowledge
for human exploitation. Giving an essential head-start to the rule
of reason, such that this knowledge be shaped toward uniform
human benefit while imposing minimum risk of harm to fellow
humans and those with whom we share our world. By accepting
this knowledge, you accept the responsibility to ensure its ethical
and mutually beneficial use.

1 Introduction

Since the late 19th century, the limitations of classical physics—
exemplified by its inability to explain black-body radiation—have
driven significant advancements in our understanding of the uni-
verse. Max Planck’s proposal of energy quantization in 1900 laid
the foundation for quantum mechanics, while Albert Einstein’s
theory of general relativity, developed in 1915, revolutionized our
grasp of gravity. Yet, despite these breakthroughs, the challenge
of unifying classical mechanics, quantum mechanics, and relativ-
ity into a comprehensive framework has been elusive®. This sci-
entific endeavor has been further complicated by popular miscon-
ceptions about physics and the perceived divides among scientific
disciplines. The introduction of the atomic bomb at the end of
World War II added a layer of politicization and sensationalism,
skewing public perceptions of science even further,

However, while public opinion and societal factors may influ-
ence the perception and application of science, the validity of sci-
entific principles remains rooted in methodologies and empirical
evidence. By adhering to proper scientific inquiry, we can reliably
evaluate evidence, establish truths, and push closer to a unified
understanding of the physical universe.

This paper takes a step back and reassesses, without consid-
eration other than cordially acknowledging any potentially mis-
placed conclusions drawn in the past. I will, with as much objec-
tivity as I can achieve as a very fallible human, attempt to char-
acterize what I believe is the true nature of the universe. We
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will look at many phenomena observed in our universe from the
perspective of scale relativity and explore the applicability and
validity of the Space-time Equivalence.

Via this bold and engaging thought experiment, we offer a vi-
able explanation for many of the processes central to how our
universe operates, including gravity, gravitational waves, relativ-
ity, redshift and universal expansion, the Cosmic Microwave Back-
ground (CMB), dark matter, black holes, and, ultimately, the re-
lationship between time, space, matter, and energy.

I welcome scrutiny of every assertion in this paper. I have ex-
plored this topic extensively, and I really enjoy explaining it in
practical terms. It opens so many exciting new avenues to ex-
plore, many of which I do not yet understand. If your questions
arise from genuine scientific exploration or curiosity, I will re-
spond as promptly and thoroughly as I can. Please remain ob-
jective—this thought experiment does challenge several founda-
tional principles in physics. Please engage logically and refrain
from bullying, trolling, or employing common logical fallacies.
Let us uphold the spirit of scientific inquiry by thinking creatively,
testing some new concepts, and having some fun in the process.

2 Exploring the Universe of Light

We explore our realm of space, time, and matter from the quan-
tum scale to the observable universe. I refer to this realm as the
“Universe of Light,” because everything in our realm is observed
with and relative to electromagnetic radiation, such as visible
light. Beyond the realm of light, which spatially extends from
the edge of subatomic scales to the observable universe, is per-
ceptively inaccessible to us, both spatially and in terms of scale.
As such, while I will not rule out our ability to transcend these
limitations, what lies beyond the realm of light is, effectively, an-
other universe to us.

That said, I am not suggesting that these are distinct successive
universes of scale as I may have implied with the prior explana-
tion, but rather, overlapping universes of scale about every point
along a continuum of spatial scale.



3 Framework for this Thought Experiment

This thought experiment relies on a few key principles that have
not yet been fully incorporated into modern physics. These prin-
ciples are explained herein.

3.1 The Law of Space-Time Equivalence

From well-established isometric scaling laws, the following equiv-
alence can be derived. Isometric scaling laws dictate that a sys-
tem’s pace of time is inversely proportional to its moment of iner-
tia. From this we can derive the Space-Time Equivalence:

1/t =k=(hL/L)" e

Where 7 and 7, represent the relative pace of time in systems
1 and 2 respectively. I is the moment of inertia, and k is the linear
scale factor calculated from the moments of inertia (k;) or energy
(kg). Moment of inertia dictates the temporal pace of the system,
regardless of motion. As a function of system energy:

T /T = kg = (E2/E1)'/ 2

These two equivalences are born of the isometric scaling rela-
tionships. Refer to the following section for a summarized deriva-
tion and to(Table 1|for the summary of isometric scaling laws.

The Space-Time Equivalence suggests:

* Time moves faster for "smaller" systems and slower for
"larger" systems. Scale factor k is defined as the ratio of the
fifth root of the moments of inertia. For geometrically similar
systems, k can be calculated from the ratio of the character-
istic lengths or the cube root of the ratio of the masses.

e We are in a scale-invariant universe, where the laws of
physics always appear the same from the observer’s perspec-
tive at any scale. However, material properties do change
according to scale, because molecules themselves can not be
scaled.

* All systems behave classically when observed at their
scale. Therefore, quantum and relativistic behavior must
be observed phenomena that emerge when observed from
extreme relative scales.

Examples:

* If you take two completely geometrically distinct systems
with identical moments of inertia about an axis, and you ap-
ply the same rotational force (torque) to both, their resulting
periods of rotation will be identical.

* When a cat falls from a branch, they reorient themselves
upright by rotating their tail, which produces a shifting mo-
ment of inertia, by changing their mass distribution dynam-
ically.

* If you isometrically scale an orbital system by a factor of
k=0.5, the resulting orbital system would have half the
radius, 1/8 the mass, and all velocities (measured at any
point) will double from a static observer perspective, but

from the scale of the system, the system would be indistin-
guishable.

* Take two distinct systems and scale them by k; to a static
moment of inertia of 1kgm? (our scale), and you will be able
to compare their behavior directly, presuming you have cal-
culated the moments of inertia correctly and then apply the
isometric scaling factors property for the comparison.

3.1.1 Summarized Derivation

We derive the pace of time between a system and an isometri-
cally scaled version of that system. Isometric scaling is defined as
applying a scale factor k to three spatial dimensions and a scale
factor k3 to the system’s mass, naturally resulting in a scaled sys-
tem with unchanged density.

k= 5—2 (where 1 = characteristic length) 3)
1
1%} .
k, = —= (where v = velocity) (€))]
V1
ay .
k, = —= (where a = acceleration) (5)
ai

As a consequence, presuming no influences on density, the
scaled object’s properties such as volume, surface area, and mass
of the scaled object can be calculated:

A’ = k%A (where A = area) (6)
V' = i’V (where V = volume) 7
m' = k>m (where m = mass) (8)
F' = k*F (where F = force) 9

Therefore, for isometric systems:

_ e
ky = \E (10)

Ap
kg = A an
%
n = (@) (12)
my
1
4
kr = (@> (13)
1
Subsequently:
I' = I (where I = moment of inertia) 14
E' = KE (where E = energy) (15)

Therefore, for any two systems:
ki =1/1=(h/L)"’

ke =11 /7 = (E2/E2)'/°
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3.2 Spatial Scale

Spatial scale refers to the size in spatial extent of a system or ob-
ject. While it may seem intuitive that scale be defined by dimen-
sions alone, the concept of scale, as it is commonly understood,
is a relativistic principle. Everyone understands what it means to
be smaller than something or for something to be bigger than us.

3.3 Scale, Precision, and Containment
When you have an object or objects contained within another,
they can reside at the same spatial coordinate in the universe. I
am in Colorado, but so is my nose, my house, my city, and my
county. All accurately describe things residing in the same loca-
tion, each one contained within another, differing only by their
respective degree of precision, or “scale”. As such, defining the
object’s scale allows you to know which of these we are talking
about. If it is of greater scale than me, and of smaller scale than
the County, we're talking about my house. From this perspective,
the scale provides critical information not represented within the
three spatial coordinates.

The spatial scale also becomes a proxy for three dimensions,
presuming geometric similarity. This basically describes the radial
coordinate system.

3.4 Relativity of Scale

“Spatial scale” (referred to herein as “scale”) is relativistic.
The following statement helps illustrate that people commonly
understand the relativistic nature of scale. In fact, the concept
of scale does not have an empirical nature; it is used ONLY as a
relativistic reference.

“When we were little, adults were big. Now that
we’re grown up, children seem small.”

3.4.1 What Relativity of Scale Means to General Relativity

If you can empathize with the above statement, you understand
the relativistic nature of scale. No matter your scale, things that
appear smaller or less massive generally observe a faster pace of
time relative to bigger or more massive things. However, relative
scale was not considered in general relativity.

The implications of this omission are significant. Scale is a rel-
ativistic property whose behavior bears much influence over the
relativistic behavior we observe with gravity and velocity, but was
not characterized within that framework. Einstein, being an ab-
solute genius, especially given the modest technological state and
the absence of an established framework for relativity, moved
mathematical and conceptual mountains to explain these phe-
nomena in the absence of scale.

Ultimately, general relativity, gravitational, and velocity-
induced time dilation are phenomena associated with the law of
Space-Time Equivalence. They are static-scale frames of refer-
ence (from the human perspective), extreme scenarios of velocity
or gravity, and the time dilation described by Einstein—these are
likely edge cases of Space-Time Equivalence.
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Thought Experiment: The Human and the Housefly
The Experiment

A human is 5’3" (1800 mm) tall, weighing 150 1b (68 kg),
and a housefly is 6 mm long and 25 mg in mass. The scale
factor based on the characteristic length between the two is

k;=300.
k= 1800 mm 300

6mm
The masses are 68,000g for the human and 0.025g for the
fly. The cube root of the ratio of their masses is approxi-

mately 140.

1
_ (68000g\ % 6\3
km_(m) —(2.7><10> ~ 140

Therefore, a reasonable estimate of the pace of time for the
fly is approximately 140 seconds (about 2 minutes) to one
human second. The mass-based scaling is more accurate
due to the distinct geometries of the two bodies. Using the
energy or moment of inertia versions of this equivalence
would yield the most accurate value; however, the mass-
based approximation is suitable for this thought experiment.

The Human’s Perspective

You, the human, are walking along as the fly first buzzes
by your ear. Then, it circles your head as you try to swat
it; it easily evades you. You look at the housefly and see
something relatively small, fast, and agile, navigating thin
air and strong gravity with relative ease.

The Fly’s Perspective

You, the fly, are going about your regular day, navigating
your environment according to your fly agenda. You smell a
human in the distance, then you see this massive, mountain-
like beast, stuck to the ground and lumbering along at a
relative snail’s pace. You do a casual drive-by and decide
to land, but the human’s hand is slowly coming to interrupt
you, so you go around and find a better spot where the hand
is safely out of sight. You are happy that humans struggle in
a world that’s easy for you (the fly) to navigate. Gravity is
the same force; however, to you, it is spread over more time,
so from your perspective, its effects are much less significant
than they are to the human.

The Shared Perspective

Both the fly and the human see the world from their frame
of reference (motion, location, and scale). Thus, both see
time as progressing normally, their scale as normal, and
their speed and agility as normal. Everything they observe is
relative to their frame of reference. Everything bigger than
them generally moves slower, and everything smaller than
them appears to move more quickly. Both perspectives are
equally accurate.




3.4.2 Scale Relativity and the Speed of Light

Despite our colloquial understanding of relative scale, this did
not become '"relativistically" integrated into the theories of Spe-
cial and General Relativity as described by Albert Einstein. “Spa-
tial scale” was interpreted as “size” and was not considered a rel-
evant relativistic concept. Scale relativity says the pace of time
inversely with spatial scale, resulting in very visible systemic tem-
poral changes (dilation) across scales within a single system. The
spatial scale of an object adds an essential element to the the-
ory of relativity that explains space-time curvature, gravity, and
the overall space-time-matter relationship in a more simple and
direct conceptual framework.

To exemplify my point, brace yourself, and consider the speed
of light, which is fixed in a vacuum. Regardless of the inertial
frame of reference. But with the inclusion of scale in the frame
of reference, the speed of light changes. The rate at which light
energy propagates does not change, but the relative rate does. To
a molecule, the speed is extremely fast, but at a scale where your
eyeball is one light-year across, you would find the speed of light
quite limiting.

3.5 The Containment Causality Hypothesis

For causality, I will introduce a new hypothetical principle, the
Containment Causality Hypothesis, that likely already has an ana-
log in theoretical physics:

The Containment Causality Hypothesis (CCH) states:

a) A system’s behavior depends entirely upon the behavior of
its constituents and,

b) A system influences the behavior of systems within which it
is contained.

The hypothesis further states:

a) The total time in a system is equal to the sum of its parts.
b) The total mass in a system is equal to the sum of its parts.
c) The total inertia in a system is equal to the sum of its parts.
d) The total energy in a system is equal to the sum of its parts.

Therefore:

a) Causality arises.

b) To the extent that space cannot be negative, neither can the
pace of time.

¢) The CCH suggests an infinitely divisible universe.

3.6 The Composite Particle Principle

I introduce a principle that may or may not be represented by
an analog in particle physics or theoretical physics. The Com-
posite Particle Principle states that “Space”, particles, clusters of
particles, and bodies are synonymous. They differ only by total
mass and mass distribution. Everything in the universe, even the
universe itself can be considered a particle composed of different

densities of materials. Essentially, every system is made of parti-
cles and “space”. The particles are approaching spherical and are
relatively more dense. The space is relatively less dense. Each
particle in a system contains particles and “space”. The “space”
becomes the area where compression can occur, as it represents
the less dense region.

3.7 Significance
Significance is the relative influence an external force or prop-
erty has over an observed system. When scaling a system within
a gravitational field, the field is unchanged; however, due to the
change in pace of time at scale factor k, the scaled system per-
ceives gravity differently because a different amount of relative
time will be spent in the gravitational field. They feel a different
amount of gravity per unit of time. This is why a housefly seems
to get airborne with ease. In this example, the gravitational force
is less significant to the housefly than it is to a human. The fly
will experience far less gravitational force over its lifetime.
Changes to the properties of particles exhibited at a certain
scale can also affect Significance. For example, mass could be
a property that emerges with scale. In this case, below a certain
scale, gravity might become insignificant to a particle.

16| |5



4 Scaling

4.1 Scaling Relationships

Refer to for derived property scaling relationships for iso-
metric (constant density) and homothetic (isometric with con-
stant mass) systems.

4.2 Base Properties
For both derivations, we begin with the fundamental equations of
orbital mechanics:

a) Force:
F =ma (16)
b) Gravitational Force:
Fo M 12M2 17)
I
¢) Orbital Period:
3
’
T=2 — 1
™\ om (18)
d) Angular Velocity:
GM
e) Tangential Velocity:
Y= % (20)
r
f) Linear Velocity:
GM
g) Acceleration:
‘M
r
h) Surface Area:
A=dnr? (23)
i) Density:
M M
=== 24
P " Tap 24)
j) Moment of Inertia:
I1=Mr* (25)
k) Kinetic Energy:
KE = %mvz (26)
1) Potential Energy:
U= —G(Mle)/r @27
m) Surface Gravity:
GM
8§= "3 (28)

4.3 Isometric Scaling
Isometric scaling laws reflect "natural" scaling in the universe. By
definition, when something scales isometrically, each dimension
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is changed by scale factor k. For this thought experiment, we
presume that objects are scalable but that their fundamental con-
stituents (molecules) do not.

This distinction is important. If the molecules themselves scale,
the relative material properties at different scales would be con-
sistent. Since they do not, we observe material properties chang-
ing relative to their scale. For example, the properties of a spring
can really only be scaled so far before it fails to perform because
it’s relative material properties change. The periodicity is static if
scaled isometrically, but its relative stiffness, for example, would
not scale linearly with isometric scale factor k. So, If I took a
mechanical clock and scaled it down in size, it would continue to
tell time accurately relative to its scale until its material proper-
ties began to cause compromise and then failure. Precision might
drift within an order of magnitude, and complete failure might
likely result within a few orders of magnitude. These are wildly
speculative numbers, but the principles are sound.

Since molecules don’t scale, and thus, scaling a system is akin
to building an object from greater (or fewer) building blocks, the
system density is naturally preserved when scaling isometrically.

However, if one WERE to scale the molecules as well, the en-
suing density still would not change because the empty space be-
tween the particles would also scale.

Isometrics, in and of itself, is density-preserving.

4.3.1 Derivations

a) Orbital Period:

kr)3 K33
T'=2 ( =2
"\ Gwem) ~ N Gem

b) Angular Velocity:

o |CUeM) _ [aem
n (kr)3 B k33

¢) Tangential Velocity:

M M M
v/:\/G(k ):\/Gk oM 6y
kr kr r

d) Acceleration:

3
=214/ il =T (29)

:,/%M:co 30)

_ 7 2
“ T T k2 22 2 ~ka (32)
e) Surface Area:
A = 4n(kr)? = K (4mr%) = KPA (33)
f) Moment of Inertia:
I'= (M) (kr)? = 1> (Mr?) = 151 (34)

g) Kinetic Energy:

1

KE' = —(KEm)(kv)? = %k3m(k2v2) =k5(%mv2) =KKE (35)

[\S



h) Potential Energy:

3G(k3M)?
~ 5(kR)

3G(k°M?)
SkR

__3GM? K (36)
SR "k
2

=Uxk

i) Surface Gravity:

,  GM) K¥GM  GM

_ _ =k 3
g (kr)2 k2r? r2 g 37)
j) Force:
gy COMy)  GIEM) (M) 4 GMMa) 4
r1? (kr)2 r?
(38)

4.3.2 General Isometric Scaling Law

For any property P under isometric scaling with constant density

(p):
P'=P.K" where n € {0,1,2,3,4,5} (39)

Property Groups by Scaling Power

* n=0:
T/:Tv f,:fv a)/:(l), P/:P
e n=1
P=kr, V=kv, d=ka g =kg
e n=2
A =k*A
*n=3
M =M, V' =KV
*n=4
F' =K*F
*en=>5

I'=FKI, KE' =FKKE, U =kU

4.3.3 Periodicity of Isometrically Scaled Systems

Different periodic systems are scaled isometrically by factor k.

[ble 2|reveals a pattern. When scaled naturally via isometric scal-
ing, regardless of the system-wide periodic behavior, whether os-
cillation, rotation, pendulum, strings, or membranes, the period
never changes. This suggests a scale-invariant universe.

4.3.4 Proof of Universal Scale-Time Invariance

Given: All non-molecular periodic phenomena maintain identical
relative properties under isometric scaling, as previously demon-
strated.

Theorem: Isometric scaling of a system is observationally
equivalent to a corresponding change in the pace of time.

Proof:

1. IF all temporal properties under isometric scaling by factor k
are identical to those produced by adjusting the pace of time
by factor f(k)

Tcatea = Ttimefadjusted

2. AND isometric scaling consistently predicts all system prop-
erties as functions of k
Pl
= flk
== 1)
where P represents any physical property

3. THEN geometric scale and temporal progression are funda-
mentally equivalent transformations

kgeometric = f(k)tempoml

4. THEREFORE all observers experience identical relative
physics regardless of scale

d 7})bserveal 1

dTreference

5. THEREFORE the universe exhibits complete scale invariance
through the equivalence of geometric scaling and temporal
progression

Conclusion: In our universe, geometric scaling is indistin-
guishable from a corresponding change in the pace of time, result-
ing in complete scale invariance when viewed from any reference
frame.

4.3.5 Derivation of Period Scaling for Physical Systems

We derive the periodicity of various systems to demonstrate that
when observed from the scale of the systems always appear iden-
tical regardless of scale. From that frame of reference the period
of the scaled system will never change. The material properties
will be different at different scales, but the physics will always be
the same to the observer at every scale, the space-time equiva-
lence will remain valid. || See note on scaling constants

« Note, from the scale relativity perspective, temporal material constants such as the

spring constant, Young’s modulus, and the speed of light need to be scaled accord-
ingly. Here’s why: Even though Young’s modulus is often treated as a "static" material
property, our perception of it changes with scale because we view it from a different
temporal reference frame. In this example, from a scaled perspective (say, relatively
very small): (1) We're operating at a faster relative timescale; (2) The material ap-
pears more rigid/brittle because its natural deformation times are "slower" relative
to our frame; (3) So the effective Young’s modulus we experience would appear
higher.
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Table 1 Summary of Scaling Relationships as a Function of Linear Scale Factor k

Property Isometric Scaling (p constant) n (Isometric) Homothetic Scaling (M constant) n (Homothetic)
Period (T) K0 0 K32 3/2
Frequency (f) kY 0 k32 -3/2
Angular Velocity (o) K0 0 k372 -3/2
Density (p) K0 0 k3 -3
Length (r) k! 1 k! 1
Tangential Velocity (v) k! 1 k12 -1/2
Acceleration (a) k! 1 k2 -2
Surface Gravity (g) k! 1 k2 -2
Surface Area (A) k2 2 K2 2
Mass (M) K 3 K0 0
Force (F) K* 4 k2 -2
Moment of Inertia (1) IS 5 k2 2
kinetic Energy (KE) K 5 k! -1
Potential Energy (U) i 5 k! —1
a) Orbital System d) Physical Pendulum
3
T =21 L —on L
GM Mgh
¥ =kr 5
I'=kI
! _ 13
’ (kr)3 r_ k *
T =2x% =T & =k
G(k*M)
W =kh
BI
T'=2m| =T
b) Simple Pendulum kM - kg - kh
L
T=2m|—
8 e) Fluid Column
L' =kL L
T= 27r\/7
. 8
gl — kg
L' =kL
kL
T =2m = ,
kg g =kg”
L kL
T'=2m,|= =T T'=2m| = =T
g kg

¢) Mass-Spring

8]

m =km
K= K kg*
km
T =21\ 5 =
K3k

f) String Vibration

T=2x kﬂ (where k; is the spring constant)

Al

K, = Kks*
kKm
T =2
"\ ik,
m
=2n,/—=T
ks



g) Membrane Vibration

m
T=2m,| —
km

k! = k>k,,(membrane stiffness*)

Bm
2 -
™\ Bk

2

T/

Il
ﬂ

h) Tuning Fork
1
T =2m\/—
V x
I =kI

¥ =Kk (torsional stiffness*)

k1
T =2my/ — =T
Kx

i) Electrochemical Oscillator

L2
T=—
D
L' =kL

D' =k*D (diffusion coefficient*)

o ()

= 7T
k2D

Table 2 Isometrically Scaled Systems Exhibit Static Relative Temporal
Properties when Observed from System Scale

System Period Formula Scaling
. 3
Orbital T=2m\/¢m T =T
Simple Pendulum T= 27t\/§ T'=T
Mass-Spring T=2n/F T'=T
- _ 1 _
Physical Pendulum T =27/ 5en T'=T
Fluid Column T= 271:\/5 T'=T
String Vibration T= 2L\/g T'=T
Membrane Vibration T =2x "—Th T =T
Tuning Fork T= Zn\/% T =T
Electrochemical Oscillator =0 T =T

4.3.6 Conclusion

By deriving each system’s scaling properties, we have demon-
strated that when viewed from their respective scaled reference
frames, all systems maintain their temporal properties (T’ = T).
This universal behavior emerges from the proper application of

fundamental scaling laws and consideration of relative observa-
tion frames.

4.4 Homothetic Scaling (Constant Mass)

Homothetic scaling refers to isometric scaling where mass is held
static. Homothetic represents one of two ways of looking at sys-
tem scaling in our universe. In contrast to isometric, where den-
sity is held static, homothetic represents convergence/divergence
scaling model operations, which applies to gravitational conver-
gence, condensation, evaporation and similar.

4.4.1 Initial Conditions

Under homothetic scaling with factor k:
Mass remains constant: M — M
Lengths: r — kr
Volume: V — &3V

4.4.2 Homothetic Scaling Derivations

The following homothetic scaling laws are derived from an orbital
system example:

a) Orbital Period:

3 3,3 3
T’:Zm/(gal :Zn\/%:Zn\/lg\/é—M:ksz (40)

b) Angular Velocity:
. Jem  [eM 1
=\ Vs T en? (41)

¢) Tangential Velocity:

GM 1
V/ = F = ﬁ\’ (42)
d) Acceleration:
., GM 1
e) Surface Area:
A =4n(kr)> =k*A 44
f) Density:
M 1
=y T ieP (“45)
g) Moment of Inertia:
I'=M(kr)? = K21 (46)
h) Kinetic Energy:
1 1 v 1
r_ 2 N2 I T \2 I
KE = —m(V') 2m(\/];) kKE 47
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i) Potential Energy:

G

G(My)(My)
kr

(48)
GMMy 1
r k

=U-

1

4.4.3 Conclusions from Homothetic Derivations

Key observations:

* Density grows at k% which shows that density increases very
quickly as particles converge gravitationally.

» Moment of Inertia grows at k> which means moment of iner-
tia drops relatively quickly as particles converge gravitation-
ally.

e Surface area and moment of inertia each scale by k*. This
suggests a possible relationship to gravity.

4.5 Scales In the Universe of Light

Our Universe of Light spans a very discrete range of scales, from
subatomic to the known universe. These represent boundaries
imposed by light. Refer to for an informal overview of
objects in our universe and their respective broadly estimated ra-
dius, mass, and moment of inertia.
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5 Phenomenon in the Universe of Light

5.1 Dark Matter

Dark matter is subatomic matter that exhibits mass but does
not have sufficient scale or properties to interact with visible
light. This probably consists of sub-atomic particles we are famil-
iar with.

5.1.1 Dark Sub-matter

Dark sub-matter is the hypothetical matter so small and funda-
mental to our atomic particles that it neither exhibits mass nor
interacts with light. This most likely consists of particles that are
the building blocks of subatomic particles. Sub-subatomic par-
ticles are "invisible" either because they have negligible relative
significance and/or because they do not exhibit mass as we know
it.

5.1.2 Sub-Subatomic Matter could be Responsible for the

CMB

It seems logical that the presence of these sub-subatomic parti-
cles might be detectable as energy, and if so, they might produce
an effect similar to the Cosmic Microwave Background (CMB). A
mysterious, omnipresent energy "background" whose source is so
small in scale that it can not be detected otherwise.

5.2 Gravity

Gravity is an object’s intrinsic tendency (potential) to collapse
inward toward its center of gravity to reduce its moment of
inertia and thus attain a lower energy state. When an object
"falls" into a larger object due to gravity, the potential is relieved
when the density gradient within the object has reached equi-
librium. That’s because greater densities will descend until they
reach like densities, which is the lowest moment of inertia config-
uration.

Gravity Predictions

* Gravity and the associated curvature of space-time are key
manifestations of the space-time equivalence.

* Gravitational time dilation is an edge case of the law of
space-time equivalence, and it can be directly derived from
the Space-Time Equivalence.

5.2.1 Gravitational Waves

Gravitational waves represent the propagation of waves of
"pressure" across celestial objects. As the wave passes, particles
on the celestial scale, compress together and disrupt their col-
lective moment of inertia, which causes a ripple in the pace of
time. It’s a wave of particle compression, not unlike the other
forms of "mechanical" wave conveyance observed in different
settings.

5.3 Black Holes

A black hole is the endpoint for converging particles. It rep-
resents a threshold of matter in a confined space. It is a
maximum particle density, whether particles are defined as

molecules, dust particles, planets, or the known universe. Be-
yond this particle density, molecules collapse into component
subatomic particles. In the universe of light, accumulating par-
ticles eventually become a black hole.

Black Hole Predictions

* Black holes are recyclers of scale in the Universe of Light.
They transform highly dense material objects into sub-
subatomic matter that is emitted at or near the center of
gravity. This matter is at a scale where it becomes insignifi-
cant to or uninfluenced by the gravity of the black hole and
thus is released. These particles likely exit the path toward
singularity in a highly energized state, at a high velocity, pos-
sibly in a jet-like form, and with a high spin rate. The veloc-
ity allows the particles to propagate to a wider region; the
spin ultimately becomes the spin of celestial objects.

* The particles emitted will travel a long way, colliding and
reacting into subatomic matter and then atomic matter. The
particles that don’t establish sufficient distance from the cen-
ter of gravity of the black hole before they react into matter
will be drawn back into the black hole, so there will be a
"pocket” of invisible sub-subatomic material that might form
a dark aura around the black hole, with "shell" of dark matter
around it, as particles react into larger and larger particles.
Eventually, there will begin to be a visible cloud of atomic
matter. [ imagine these clouds being nebulae.

* Black holes can be self-sustaining cyclic systems, meaning
they stay and continue this cycle of consuming the massive
and expelling the subatomic. They represent a structure that
spans the entire scale domain of the Universe of Light.

* Galactic supermassive black holes are a galaxy’s recyclers.
They consume the supermassive and expel the subatomic
dust to become new celestial objects in that system. The
balance of galactic constituents and the resulting effects on
the moment of inertia affect the different configurations of
galaxies.

* Subatomic material being ejected from a black hole would
potentially form a condensed column of highly energetic
subatomic particles exiting at a high velocity. Not unlike the
eye of a tornado, but in reverse.

* The collapse of molecular matter into a black hole represents
the collapse of atomic bonds and the separation of electrons
from their nuclei. The collapsing of atomic bonds requires
significant energy, hence the extreme forces involved in their
decomposition. There will be other stages of collapse as the
nuclei break and then as each subatomic particle begins to
break. There could be stages to the collapse of matter as it
journeys toward a singularity to a state insignificant to the
black hole.

* The subatomic particles emitted from a black hole will form
a multi-composition aura or cloud around the exit point. The
inner shell, or in the case of a jet ejection, the region closest
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to the exit point, will neither resonate with light nor give a
complete indication of mass. This will gradually transition to
aregion of dark matter as sub-sub-atomic particles react and
create the sub-atomic particles we know. Then, there will be
a visible region of atomic particles like Hydrogen and some
helium. Then coagulating to form star systems further away
from the exit point. A galaxy will give us a good sense of the
region of influence of a black hole.

* dark matter will be detected in the vicinity of black holes.
distributed around the center of gravity but possibly travel-
ing a large distance due to their energized state

* highly energized matter on the cusp of visible will also be
concentrated in a sphere outside of the inner sphere of dark
matter.

* A black hole can eventually exhaust local matter and sub-
side back to a high-density, highly massive object right at
its Schwartzchild radius. Conservation of mass and energy
seems to make this unlikely or rare.

* Black holes can migrate over time as the matter is added and
their center of gravity changes. Depending on many factors.

* subatomic material being ejected from a black hole would
potentially form a condensed column of highly energetic
subatomic particles exiting at a high velocity. Not unlike the
eye of a tornado, but in reverse.

* Black holes are distributed spatially according to scale. The
density of the universe is the same at every scale. Just dif-
ferent significant objects make up each scale from our static
human-scale perspective.

* Black holes represent an extreme of significance at a partic-
ular scale.

* The deep vacuum of space is the closest to the opposite of a
black hole. A gap of objects within a scale range. Or a large
particle size gradient for a given unit of space.

* Beyond significance, it may as well be another universe to
you. That said, there is no such thing as O significance. And
thus, we are in a single accessible universe, just not yet ac-
cessible to us.

* For a black hole to persist, it must stay full of energy or mat-
ter, not unlike a siphon. If it consumes everything in its vicin-
ity, it will be depleted. Matter and energy cannot flow out of
it faster than it can flow in, or vice versa.

5.4 Quantum Phenomenon, Light, and Spatial Scale

Because we ultimately all see light from a molecular scale’s per-
spective, a scale that is seemingly unique in its stability and re-
sistance to scalability, our most fundamental measure of space
and time, light, is received by all terrestrial beings using the same
scale of observation. While one could derive a conclusion about
the scalability of atoms simply from the fact that living things
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have different scales but are all constructed, large or small, with
atomic matter at a static scale, there is one stark similarity be-
tween all of these organisms: the scale at which they detect light.
The perceived uniquely stable appearance of atoms, therefore, is
likely a phenomenon associated with the scale at which we detect.

5.5 Quantum behavior is to be expected at that scale
Anytime something is observed at our limit of observation, quan-
tum behavior will emerge. Here’s why. Classical physics is, in
effect, a statistical model based on the behavior of vast quantities
of atoms. All detection is done over time, there is no such thing
as an instantaneous measurement. So, to add to the fact that
one is observing atoms at roughly 10?* (ten thousand billion bil-
lion), we also measure over similarly scaled time frames relative
to ours. (i.e., an electron rotates about the nucleus at relativis-
tic speeds. Because it behaves statistically with vast sample sets,
classical calculations of objects are accurate to a high degree of
precision.

Thought Experiment: Bob the Molecule

Bob is a hydrogen Hy molecule. From our scale, hydrogen
molecules always behave very consistently, but when I want
to know about Bob specifically, he’s hard to capture, and
relative to large communities of hydrogen atoms that be-
have very inconsistently, he sometimes behaves erratically
and mysteriously.

Here’s what is going on. Because the underlying devia-
tions in individual behavior of hydrogen atoms are so signif-
icant (the standard deviation is large), we can’t rely on those
models when observing “Bob,” the hydrogen molecule.

Bob does, in fact, exist, and at his scale, he has many
redeeming and unique characteristics. However, his entire
species of hydrogen atom may have evolved and become
extinct in the fraction of a second that observation was per-
formed. So all of Bob’s unique character is lost to us, com-
pletely inaccessible and virtually meaningless, and only the
commonality across billions of years of hydrogen atoms at
his scale emerges.

But it’s even more complicated. Because of these same
limitations of observation, we often “think” we are measur-
ing a single atomic scale object, in actuality, this has only
been done in very limited cases. In general, when a quan-
tum of something is measured, it is changed or consumed
by the interaction. If not, you weren’t looking at a quan-
tum. and herein lies all of the uncertainty, duality, poly-
morphism, discrete behavior, the spooky, and living dead
(cat). To sum it up somewhat metaphorically: We are not
observing only one individual. Quantum phenomenon and
specific quantum uncertainty emerge when measuring a sta-
tistical phenomenon with an insignificant sample size. Be-
cause of the large standard deviation, atomic-scale objects
need to be observed in very large quantities to exhibit classi-
cal behavior. In essence, odd observations were expected: it
was Schroedinger’s great-grandnephew’s cat that died. Bob




didn’t have two left arms, we were mistakenly measuring
Suzy and Steve’s arms.

5.6 Quantum Phenomenon Emerges for a Few Reasons
5.6.1 Statistically Insignificant Sample Size

Many of the unusual behaviors we associate with quantum me-
chanics are phenomena associated with statistical calculations
where either the “quantum” behavior is implicit for such systems
or the sample size is statistically insignificant. For example, the
behavior of a typical hydrogen atom’s electron radius can vary
widely, and this has a relatively large standard deviation. That
means that a typical hydrogen individually is probably less aver-
age than you think.

Quantum uncertainties, dualities, spooky behavior, exclusions,
living/dead cats, etc, are manifestations of observing behavior
across a statistically insignificant sample set. If the number of
quantum objects being measured falls below the threshold of sta-
tistical significance, classical behaviors increasingly break down.
Quantum behaviors emerge for any statistically insignificant sam-
ple set that contains more than one. The behavior of a classical
system feels discrete because it is a very accurate and precise sta-
tistical aggregation of bulk particle behavior. The behavior of an
individual system is discrete. Measuring quantum-scale particles
in small quantities >1 produces measurement difficulties (i.e. un-
certainties.)

5.6.2 Inherent Limitations of Light Perception

Limited information is available at the boundary of observability.
Because we use chemical mechanisms to detect light, we essen-
tially see light at an atomic level, which presents a boundary of
observability for our built-in light detector (our eyes). Thus, the
boundaries of our observable universe are the product not just of
extreme differences in relative distance and time pace but also
of the scale at which we interact with light. Quantum behavior
emerges at the edge of observability.

All terrestrial organisms that "see" light use the same molecular-
scale mechanism. This unifies how distinct organisms perceive
light because all terrestrial organisms perceive light from the
same scale, the molecular scale.

5.6.3 Observing Across Vast Relative Distances or Scales

Certain quantum behaviors, such as duality, are expressed im-
plicitly when observed from vast distances or relative scales. For
example, star systems and galaxies are so distant that they take
on a relative point-like appearance in our night sky. Similarly,
with microscopy, if we view something very “distant” in scale,
this reduction of a body to a relative point effectively represents
that body being reduced to a wave function at great distances,
from our perspective. The relative distance me to the sun is many
human-lengths but the distance from the sun to me is far fewer
when measured in sun-lengths. Does this mean that the distant or
very small objects have more detail and predictability up close?
Of course, these limitations are emergent phenomena; it’s a mat-
ter of observational precision.
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Table 3 Roughly Estimated Scales in the Universe of Light

Object Type Radius Range (m) Mass (kg) Moment of Inertia (kg'm2)
Neutrinos < ~107% < 107°° < ~107M
Electrons <1018 10731 < ~10778
Quarks <1018 ~10-30 t0 1028 ~10777 to 10773
Muons <1018 10-28 < ~1077
Protons ~10715 10~ ~107%7

Atoms ~10710 ~107% t0 10~ % ~10~%
Molecules ~1071%t0 10°° ~107% t0 1072 ~107% to 1074
Proteins ~107%to 1078 ~10"22 t0 10~20 ~107% to 1073
Viruses ~1078 to 1077 ~10""7 t0 10~ 13 ~1073 t0 1077
Bacteria ~10~7 to 107 ~10715 to0 10712 ~10727 t0 102!
Cells (Human) ~107%t0 1073 ~10712 t0 107° ~107% to 10~ 13
Pollen Grains ~107%to 10~ ~10710t0 108 ~10"¥ to 10~1°
Salt Crystals ~10%1to0 107 ~107% to 1077 ~107"%to 10715
Sand Particles ~1075 to 104 ~1078to 107 ~107"7to 10713
Dust Grains ~10"%to 10~* ~107%to 1073 ~10"15 t0 107°
Bowling Ball ~107! ~10! ~107!
Volkswagen Beetle ~10° to 10! ~103 ~103% to 10°
Meteoroids ~10~! to 10! ~103 to 100 ~102 to 1012
Large Truck ~10' to 10? ~10* to 10° ~10° to 10°
Comets ~10! to 10? ~10'0 to 1014 ~10'%2 to 10!8
Large Building ~10? to 103 ~107 to 108 ~10'" to 104
Small Asteroids ~10! to 103 ~10'0 to 101 ~10'2 to 102!
Large Asteroids ~10? to 10* ~10" to 102 ~10?! to 10%
Moons ~10%* to 10° ~10' to 10%* ~10% to 10%
Planets ~10° to 107 ~10% to 10?7 ~10%° to 10%°
Stars ~10° to 10° ~10% to 1032 ~10* to 10%
Black Holes ~103 to 10'2 ~10%0 to 1036 ~10%* to 109
Solar Systems ~10'? to 101 ~10% to 10% ~10% to 1093

Star Clusters
Nebulae
Galaxies
Galaxy Clusters
Superclusters

~10!6 to 1019
~10!6 to 1020
~10% to 1022
~10?2 to 10%*
~10% to 10%

~10% to 1038
~1032 to 1038
~10%0 to 10%?
~10* to 10%
~10%7 to 10*8

~1077 to 1082
~10% to 1078
~10%8 to 10%*
~10%8 to 10104
~10103 to 1010()
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6 Predictions of Space-Time Equivalence

Hypotheses and predictions of the space-time equivalence:

The spacetime equivalence states that there is an intrinsic
mathematical relationship between the pace of time and the
geometry of a system.

The Space-time equivalence is a universal law that extends
infinitely beyond sub-atomic and cosmic.

Gravity and gravitational time dilation = a static human
scale frame of reference perspective on the Space-Time
Equivalence.

The curvature of space-time = Space-Time Equivalence

All existing physical temporal-related scaling laws can be di-
rectly derived from the Space-Time Equivalence.

Gravitational waves represent the compression of space con-
taining subatomic through celestial particles, resulting in
waves of time dilation propagating through space. It's a
wave of collective moments of inertia between particles
across regions of space.

Gravity is the intrinsic potential for a system to reduce in
scale or contract inward toward its center of gravity to re-
duce the moment of inertia. The rotation and moment of
inertia gradient result in matter sorting according to density,
much like a centrifuge but in reverse. So the universe is a
density gradient from dense objects to the deep of space. A
true gradient of density is the lowest moment of inertia state.
Gravity is about relieving potential energy by "scaling down"
a static mass system to its lowest energy state.

The space-time equivalence suggests a self-similar universe.
If observed from the same relative scale inertial frame of ref-
erence, the universe always behaves identically. If observed
from another scale frame of reference, the observed tem-
poral pace will always reflect the scale factor between the
observer and observed systems.

The space-time equivalence suggests that the pace of time is
dimensional.

The native motion of a system will always reflect the stan-
dard pace of time for that scale. Objects of the same moment
of inertia with more energy applied are still at our scale; they
just have unnatural rates of motion. Natutal motion typical
means no motion, unless we are talking about implict mo-
tion associate with things like orbital systems.

More massive objects will exhibit greater redshift than less
massive ones at the same distance.

The unitless fifth root of the moment of inertia over a mo-
ment of inertia of 1 can be used as the numeric “spatial scale”
of that object.

» If we wanted to pair athletes better, we would pair them on a
moment of inertia. This would make pairings more balanced
and allow athletes with very different physiology to compete
with each other.

* At every scale, the physics and pace of time appear static
from the observer’s perspective. To them, larger relative-
scale objects pass through time more slowly, and smaller
relative-scale, objects observe a faster relative pace of time.
Always, at every scale of observation.

* The absolute pace of time can never be negative because the
scale can never be negative.

”

* “Clusters of particles”, “particles”, and “space” are synony-
mous. They differ only by density.

* The boundaries of our observable universe are the product
not just of extreme differences in scale and time pace, but
also of the scale at which we interact with light. Quantum
behavior emerges at the edge of observability. Molecules
represent this edge because all terrestrial organisms that
“see” light see it using a molecular-scale mechanism, unit-
ing how organisms of all scales perceive light.

* An organism’s eyeball size will tend to stay more consistent
over its lifetime to maximize spatial proficiency. We predict
that eyeballs would be closer to mature size when they open
for the first time than other organs at similar stages of devel-
opment.

* Electrons represent the scale at which the subatomic mate-
rial’s motion is limited by relativistic velocities (the electron’s
motion). The electron probably more accurately represents
a minimume-scale particle that we can resolve directly. Many
of the properties of the universe of light likely relate to the
rotational spherical nature of the electron-nucleus interac-
tion. They'’re fast, they interact with light, and they repel
each other, they build a relative shell of negative change.

* A shell of negative charge is very different than a point of
negative charge. Something akin to this arrangement makes
up the electromagnetic field, a spherical rotation of some-
thing electrostatic, and a spherical rotation.

* The containment causality hypothesis suggests that when a
black hole "pokes" into a smaller scale, it is a manifestation
of potential drawing that black hole into the smaller scale,
not the black hole “pushing” into the smaller scale. It’s a
pull from the lower scale not a push from the larger scale.
This requires an explanation. Decompose what exactly this
means.

¢ A black hole is the endpoint for converging particles. It rep-
resents a threshold of matter in a confined space. It is a
maximum mass density, whether molecules, dust particles,
planets, or the known universe. Beyond this particle density,
molecules collapse into component subatomic particles.
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* Black holes are cyclic, meaning they stay and continue this

cycle of consuming the massive and expelling the subatomic.
They represent a structure that spans the entire scale domain
of the Universe of Light. Possibly a little further, across the
universe of mass.

Black holes are recyclers of matter over the scale range rel-
evant in our Universe of Light. They represent the endpoint
for molecular density in our universe, above a threshold den-
sity, no matter how the molecules go to that density, they col-
lapse into a black hole. The size of the black hole represents
the amount of matter present at that extreme density; along
the journey to singularity, objects are progressively ripped
down to their constituents until the gravity of the black hole
at a much larger scale becomes insignificant. The particles
emit at the center of gravity in a highly energetic state, with
a high rate of spin and ejection velocity. Being highly ener-
getic, they will behave not unlike molecules in a gas, with
a high rate of collision. As they travel a considerable rela-
tive distance, they will begin forming more complex struc-
tures, eventually reforming atoms, molecules, planets, and
stars, eventually repeating the cycle. Their spin eventually
becomes the spin of galaxies and the black hole again.

Supermassive black holes at the center of galaxies are the
recyclers for that region of space; they live indefinitely and
cycle matter down and out into the vicinity to begin building
new star systems. They consume objects of sufficient density.

Black holes break massive objects into their constituent
smaller-scale particles.

A blue shift might be observed as things of lower and lower
energy are viewed through a microscope.

The domains of quantum, classical, and cosmic are all
equally correct; they are simply different perspectives on the
same physics. Quantum and cosmic are just classical and ob-
served at vast relative scales.
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