


AUTHOR’S PRECIS

 The science student of today learns that forces are transmitted through empty space by virtual

entities proclaimed by the architects of the standard model to transfer momentum quantum(s)

between point particles at the speed of light.  As an young eager-beaver undergrad, the failure of such

theories to predict the origin and strength of nature’s fundamental processes was a disturbing

letdown.  The consummate engineering textbook of my day was at least honest in offering an

agnostic disposition of gravity.1  Like others, I wondered if some simple mechanism lie waiting to

be found.2  As a young child, my Father demonstrated his power to create artificial gravity by

swinging a bucket of water. I looked on with wonderment.  Was the earth’s rotation responsible for

what held us down.  As later learned, inertial forces depend from motion, but not gravity–or did it?

   How separated objects act and react upon one another has always been a mystery.  Newtonian

physics provided formulas, but the mechanism was missing.  Exposure to Einstein’s theories came

unexpectedly by way of a post-grad seminar, a refreshing diversion from classroom grate.3  Relativity

revealed a new world founded upon a single constant, yet it raised questions.  Serious deliberation

of these topics, however, would await the end of formal study, and the fulfillment of two careers. 

The first straddled the space race of the 1960s.  It was a time of stimulating opportunities for the

fortunate few positioned to contribute.  At TRW’s Space Technology Laboratories, the task of

designing the descent electronics for the Lunar Excursion Module (LEM) had fallen upon me.  The

small part played in the success of the landings is now a later life pride.           

The challenges imposed by the dictates of the Apollo program spawned a wealth of new

technology, and my first exposure to Patent Law.  From a distance, the profession appeared to offer

security at the cutting edge of science.  That notion would be dispelled after entering the field four

years hence.  As later discovered, intellectual property is often not intellectual, the work is seldom

glamorous, and the details tedious.  As Corporate Patent Counsel, identifying with Einstein’s

discontent in his first job as a Clerk in the Swiss Patent Office, posed no difficulty.  

Skip ahead to an early retirement, and a cold winter’s night in the mountains of Utah.  The

family vacation home had become a congenial abode for airing ideas among friends.  The fire had

died low, the hour was late, the colloquy had drifted to the enigma of “Gravity.”  Conjectures

provoked comments, and more conjectures, including my own naive characterization of gravitation

as inertial reaction.   At first glance, the idea of the void as a dynamic source seemed absurd...but

cosmological expansion was a fact, the plausibility of space-mass reactance gained favor in

afterthought.4   In the days following, long unused math and physics texts were dusted off, applying

classical dynamics to empty space became a consuming priority    

Newton had no reason to suspect a spatial kinetic, but Einstein had amended his theory by

introducing a balancing force Λ to prevent gravitational collapse.  As invoked, the cosmological

constant Λ was an equilibrium stabilizing function, it did not predict the G field or explain its cause. 

1
Sears, Francis: Mechanics Heat and Sound.  Addison-Wesley Press, Cambridge Mass. 1950. at page 285:

“We know by experiment that a gravitational force of attraction ....is exerted on a body B by a body A, even though

both bodies are in a vacuum and not connected in any way.  How is this possible?  No one knows.  That is the way

the world is made.” 

2
“God hath chosen the most foolish things of the world to confound the wise.” (1st Corinthians I, vs. 27).

3
“It is little short of a miracle that modern methods of instruction have not already completely strangled the

holy curiosity of inquiry.” (Albert Einstein, circa 1953)

4
Einstein turned the problem into a postulate by equating the curvature of space and time to inertial matter. 

If inert matter distorts static space as postulated by Einstein, the gravitational effect is not a force per se, but rather

the observed path of objects following geodesics in curved spacetime.



The discovery of cosmic background radiation (CBR) in 1966 re-invigorated the idea of a

genesis while sealing the fate of theories based upon past eternal existence (at least with respect to

the creation of matter).  The Einstein-de Sitter universe became the defacto standard, cosmologists 

adopted the proposition galactic recessional velocities instantiated from an explosive “big bang” 

followed by some 14 billion years of gravitational deceleration.  That all changed in1998 with the

Lawrence Berkeley 1a supernova studies.  The model of the universe was turned upside down.  For

the author, it was welcome news for a personal conviction that gravity could be best explained as

accelerating expansion.  Within these pages, the reader will find the rest of the story.    

In giving audience to a young physicist seeking advice, Einstein counseled it would be better

to earn a living in some unrelated labor that did not involve constant academic scrutiny, or as he put

it: “Get a cobbler’s job that you may have the liberty to ponder your ideas and make mistakes in

private.”  So it is with Cosmodynamics, for in its revisions there has been no didactic compromise,

no preceptors to appease, no schedules to meet, not even a reason that it be made public, save for the 

chance it may stimulate some rethinking of cherished beliefs.  The author has made many mistakes

in private, and now offers these pages to the reproval of its critics.    

It may seem strange that a “legal cobbler” would profess to craft a shoe to fit the universe. 

Stranger still would be the acceptance of some part of this accord as a credible thesis.  Improbable

yes, but not impossible—at least as a matter of Law:

California Civil Code §1597: Everything is deemed possible except that which is deemed 

                                                              impossible in the nature of things.      

                               The Author, TRW Inertial Guidance Lab, Circa 1965
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Introductory Note

“In questions of science the authority of a thousand is

not worth the humble reasoning of a single individual”

                                                               Galileo Galilei

The universe is constructed along simple lines, comprehensible to some
extent by human minds.  Nature’s recurring patterns are forged from principles
applicable at all times and in all places.  From this spatiotemporal consistency,
theories have emerged to explain behavior and reality.  Those that survive
experimental scrutiny become the laws of physics.  Those that do not are usually
cast aside.  But surprisingly, unproven ideas sometimes ripen into creeds, to be
later taught as fundamental truth.  Once embraced by the stewards of a
specialized discipline, they are not easily undone by logical assault upon their
validity.  Still, as history shows, scientific reforms do occur, often being brought
about by an interloper—some “upstart crow” from another “field” with the
temerity to interrogate treasured doctrines.  Near the end of his life, Albert
Einstein said of his own great legacy and all that had gone before: 

“The present position of science can have no lasting significance.”

This work challenges contemporary thought.  It is not a Theory Of

Everything (TOE), but rather, it is a Theory Of Nothing (TON)—and how it
ordains gravitational, electrical and nuclear forces.  In this undertaking, the
evolution of inertial matter depends solely upon spaciotemporal dynamics.  This
reformative leads to a holistic epistemology wherein all things are immanent
within one another; the way things are on the global scale decrees the behavior
of the quantum world, and vice versa. 

Much of our story is composed in the linguistics of algebraic symbols. 
These conventions provide the transcendental gateway to the expression of ideas
in a form that retains its elegance in all languages and every culture.  Any
attempt to describe the world in a less perfect dialogue would only detract from
the suasion of its governing law(s); symbolic algebra is necessary to support and
evidence what cannot be certified otherwise.  Herein though, rigorous formalism
is conspicuously absent, and likely all this will be judged as simplistic and even 
dystopian by the career cosmologist.  It is not expected that such authorities
will, in any event, be disposed to render audience or approval to an exposition
prejudiced upon conventional proclivity.  For those who dare to taste of this
new wine from old bottles, here is a celebration of the void and how it brings
about the material world.  



A Brief History of the Classical Forces
 For more than 200 years, electrical and gravitational effects were distilled by

classical methods.  The descriptor(s), however, failed to explain how forces were

communicated through empty space.  Something essential was missing—but what? 

In the early part of the twentieth century, the morphology of the scientific

manuscript was challenged by unexpected discoveries; Relativity, Quantified Energy,

Cosmic Expansion and Uncertainty would ultimately depose the preconception of a

well ordered static continuum founded upon determinism.  These new revelations led

to theories as to how gravitational and electrical forces might arise, but each said

something different from the others.  While there is at present no known canonical 

syntax for unifying such diverse recipes, they can be made relational within the

applicative(s) of  spatiotemporal mechanics.  Here now is a partial cast of characters

and the parts played in giving to the world the tools upon which we now rely.

Gravity / Inertia

Aristarchus of Samos appears to be the first of the Ancient Greeks to expound

the schema of a sun centered universe.  As with other credo’s denigrative of

terrestrial importance, it would be later condemned as heretical by Christian

authorities who embraced Ptolemies’ “geocentric system” as providential.  But in

1543, the Polish Astronomer, Nicolaus Copernicus, proposed a new heliocentric

theory that elegantly de-mystified retrograde motion.  The conflicting ideologies

sparked a controversy that remained unresolved until the invention of the telescope. 

In 1610 Galileo Galilei turns this new instrument toward the night sky and sees the

moons of Jupiter; his courageous pronouncement that: “everything does not revolve

about the earth” earns him a trip to the Inquisition.  Galileo’s most important

emendation to physics, however, received less reproach.  By showing that gravity

accelerates all weights equally, he disproved Aristotle’s “tenants of motion” and laid

the cornerstone for the development of classical mechanics. 

Born posthumously on Christmas day in the year that Galileo died, the only

child of an illiterate yeoman in Woolsthorpe England, Isaac Newton would survive

premature birth and physical frailty to become the mental giant who discovered the

relationship between accelerating motion and inertial reaction.  He also identified

the local impetus which caused “apples to fall” with the force that coerced planets

to follow elliptical paths around the Sun.  Newton’s “Law of Inertia” and his “Law

of Gravity” were regarded as separate and distinct forces for 25 decades.  But that

would change in the early years of the 20th century with the publication of several

remarkable papers authored by an obscure clerk working in the Swiss Patent Office.

 Albert Einstein, once thought by his parents to be retarded, ignited a

scientific reformation based upon the counterintuitive proposition that light speed

is the same for all observers.  The novel theory called “Special Relativity” provided

a new exposition of space and time.   The aether was rendered superfluous, temporal

intervals subjective, and “simultaneity” frame dependent.  The perception of motion

and physical reality awaited even further dismantling from what was soon to follow.
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In 1907 Einstein applied his theory to develop the now famed E = mc2

relationship of energy and mass while his former instructor, Herman Minkowski, was

at work dissecting the same equations to discover a startling connection between

space and time.  Both works would have significant impact upon the direction of

physics, but neither resolved the puzzle of why all weights fell at the same rate.  That

nexus would be answered years later in a single inspirational moment when Einstein

realized “inertial” and “gravitational” mass to be one-in-the-same.  The

Equivalence Principle at once demolished the idea of a separate gravitational force

per se; only one kind of mass existed, and it acted to curve Minkowski Spacetime. 

With the publication of General Relativity in 1916, the paths of falling apples and

orbiting planets were reduced to a single equation.  After two centuries, Newton’s

“Law of Gravity” was exposed as an artifact of his “Law of Inertia.” 

  

 In 1917, Dutch Astronomer, Willem de Sitter, discovered that General

Relativity admitted an expanding solution.  Having neither matter nor pressure, de

Sitter’s exponentially dilating void would likely have been ignored as a curiosity

except it appeared to shed light upon the mysterious red shifts observed in the light

spectrum of distant galaxies.  In 1923, the Russian mathematician, Alexander

Friedmann, derived a density dependent expansion equation also consistent with the

General Theory.  Although Friedmann’s work went largely unnoticed at the time, the

same kinetic relationship would be later re-discovered by Belgian Priest, George

Lemaitre (resulting in the Pope’s pronouncement that Science had proved Genesis). 

While the ontology fell far short of validating biblical doctrine, de Sitter, Friedmann

and Lemaitre, did establish expansion as a plausibility—a reality later confirmed by

an American who would forsake his legal career to study the stars. 

Edwin Hubble, the lawyer turned astronomer,  is appropriately hailed as “the

man who measured the Universe.”  Using the 100-inch Hooker Reflector on Mount

Wilson, Hubble and his assistant, Milton Humason, collected the galactic red shift

and luminosity data that led to the velocity-distance relationship v = rH (commonly

but improperly called “Hubble’s Law”).  In genesis cosmologies, the Hubble

parameter H determines the scale of space and the span of time.

Electrical and Magnetic 

By the early part of the Nineteenth Century, many of the principles of

electromagnetism had been established.  Charles Augustin de Coulomb determined

the inverse square law between charges in 1784 using a torsion balance of the type

employed 13 years later by Henry Cavendish to measure the gravitational constant;

in 1820 the Danish physicist Hans Oersted discovered that moving charges produce

magnetic fields; in 1825 Andre Ampere published a theory relating the magnetic field

around a closed path to the sum of the currents crossing the area bounded by the

path, and 7 years later Michael Faraday developed a qualitative form for his law of

induction by demonstrating the proportionality between electromotive force and the

rate at which magnetic field lines are cut. 
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This was the state of the art in 1856 when Scottish theorist James Clerk

Maxwell published the first of his insightful papers dealing with electromagnetism. 

Maxwell envisioned the magnetic field as a space filled with vortex tubes—and he

considered space itself as having the characteristics of an elastic medium which

could be distorted by electric fields, and thereby bring about the mechanical

connections between known magnetic phenomena.  In a later paper in 1864 he

developed the whole theory on a totally abstract bases devoid of any assumptions as

to the properties of the medium other than its permeability and permittivity.

In 1896 German physicist, Max Planck, found an “algebraic fit” for the

spectral curve of a Black Body radiator by making the bold assertion that radiating

sources emit energy in discrete increments having a definite angular momentum h

(action) content.  The hypothesis led to the quantum theories of modern physics, the

symbol h being known thereafter as Planck’s Constant.

 Working on his doctorate in 1909, a young French aristocrat, Prince Louis-

Victor de Broglie, discovered a mathematical relationship between Planck’s

Constant and a yet to be observed wavelike property of moving masses.  His

examiners were of a mind to reject the paper, and wanting an outside opinion, sent

a copy to Einstein who replied:“He has lifted the corner of a great veil.”  The

dissertation was accepted—fifteen years later it earned de Broglie a Nobel

Prize—the first ever awarded for an academic thesis.

Comes then German physicist, Warner Heisenberg, with a revelation that

certain interdependent pair quantities cannot both be determined with a precision

greater than Planck’s constant.  This manifesto, known as the Uncertainty Principle,

has been given various philosophical interpretations.  First published in 1927, the

restriction is not subject to the accuracy of the observing instrument—rather, it is a

mathematical embargo that imposes both a limitation and a consequence upon the

information obtainable in a sampling process.

The first anti-particle was predicted when Lucasian mathematical

Professorate, Paul Dirac, applied Special Relativity to Quantum Wave Theory.  The

subsequent discovery of positively charged particles with electron mass

authenticated Dirac’s opus, and established the ratio between the electrical and

gravitational force of attraction as approximately 1042.   Reasoning that the near

equality between the “electro/gravitational” force ratio and “cosmic/subatomic” size

ratio, must be more than a coincidence, Dirac suggested that these ratios will

maintain the same proportions at all times.  Published in 1937 as the Large Number

Hypothesis (LNH), it led to the important implication that at least one of the

fundamental constants (most likely G) must change as the universe expands. 

From these endowments, we begin our quest.  The Path to the origin and

interdependence of gravity and inertia will twists its way to the quantum world and

the exposition of electrical and nuclear forces as spatial angular momentum(s)     
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EINSTEIN’S PERPLEXITY 

 “What really interests me is whether God had any choice in the    

creation of the world”   

                                                                                 Albert Einstein

The improbability that the physical constants should exhibit the precise values

which permit the universe to exist in a manner conducive to the development of life

is a never ending source of philosophical speculation.  The so-called fine tuning that

appears necessary for long term global stability finds expression in what has come

to be termed the “anthropic principle.”  This evocative doctrine rests upon the

premise that, if things were slightly different, neither humans nor any other form of

life would exist to take note of the world, and therefore we, as well as all else, are

either “a-lucky-roll-of-the-dice” or everything is specially rigged to make life

possible.1  As the late astrophysicist, Sir Fred Hoyle, once quipped:  

                                “The universe looks like a put up job.”

              

Yet between “pure chance” and “fine tuning” resides a plethora of fanciful

diversions.  One imaginative school of thought foretells of many universesSthe

concept being that only a few of an incalculable number of possible cosmic systems

contain the right ingredients to grow living organisms, and that ours happens to be

one (perhaps the only one) where the stuff of life abides.  At the other extreme, the

multiplicity of possibilities gives way to the “principle of necessity” wherein all

universes (whether there be one or many) are proclaimed to be governed by the same

physical laws.  This ideology rests upon the premise that unity and consistency within

a functional cosmos demand that things be the way they are; apparent alternatives are

illusory. 

 

What then determines the nature of the laws that govern our World?  Such

ultimate questions apparently cannot be resolved by physics—for it is the very

essence of science that these limitations exist.  Should we then forever despair of

finding meaningful understanding of the cosmos?   Perhaps this seemingly empty

rhetoric will gain content if we turn it around and ask:  At what times and places can

life exist, and what interrelationships are determinative?

1

Stephen Hawking once lamented: “We have both a ‘Newtonian Formulation’ and ‘General

Relativity’ to describe gravity, yet neither can predict its strength.... nor do we at present have a

theory to explain the magnitude of the electron charge.”  Said  Hawking:

“These are arbitrary elements, discoverable only by observation...they seem

minutely adjusted to make possible the development of life as we know it.”
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In what follows, the classical forces are shown to depend upon certain primal

properties that arise as an adjunct of cosmological expansion.  The governing

physical constants are interdependent, each entwined with the others through a

common global dynamic.  That which brings about change is also the correspondent

of the change.2

The idea that everything may come down to something so incredibly simple

seems absurd, yet this view is neither new nor far-fetched.  Shortly after Hubble’s

results were made public, the brilliant English physicist, Sir Arthur Eddington, wrote:

“The conception of the expanding universe seems to crown the

edifice of physical science like a lofty pinnacle...A few years ago I

became strongly convinced that in these astronomical discoveries

in the remoteness of space, we had picked up the key to the

mysteries of the proton and electron.  All that I have since been able

to work out confirms my conviction.”

Some years later, America’s preeminent theorist, The Late, John Archibald

Wheeler, proffered these words:3

                                        “Behind it all, 

                                         Is surely an idea so simple, 

                                         So beautiful, 

                                         So Compelling, 

                                         That when we grasp it,

                                         We will all say to each other, 

                                         How could it have been otherwise?  

                                         How could we have been so stupid for so long?”

2
In 1961, Princeton cosmologist, Robert Dicke, proposed a limiting form of the Anthropic

Principle based upon the idea that the age of a life spawning universe cannot be random–biological

factors constrain the cosmic system to be more or less in a goldilocks era, neither too hot nor too cold. 

Living entities could not have existed before sufficient levels of heavy elements (most notably carbon)

had synthesized during several generations of stars.  If the universe were 10 times older, most of the

stars will have turned into white dwarfs and their stable planetary systems long since ended.  Dicke

also reasoned that the density of the universe must be almost exactly equal to the critical value to avoid

an immediate big crunch or long term runaway inflation.  Aside from the many versions of the

Anthropic Principle (Weak, Strong, Modified, Self Sampling etc), the idea of free parameters becomes

moot if the fundamental constants are interdependent.

3
“The years of searching in the dark for a truth that one feels, but cannot express, the intense

desire and the alternations of confidence and misgivings, until one breaks through to clarity and

understanding, are only known to him who has himself experienced them” - Albert Einstein
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THE QUEST FOR UNIFICATION

The precepts of physics are replete with symptoms that betray an underlying

communion between electromagnetism and gravity.  Initial attempts to relate this

hidden aspect of nature go back to the early Greeks.  Despite centuries of thought,

neither has been derived, one from the other, nor has a common root been found from

which they might be synthesized;  the ‘tie that binds’ has evaded discovery.  

The challenge is a seductive one—luring many great minds to its intrigue. 

More than a half century before Einstein took-up his theoretical quest, Michael

Faraday sought enlightenment in the laboratory.  In l849 he scribbled these words in

his notebook: 

 

“Gravity: Surely this force must be capable of an experimental

relation to electricity, magnetism, and other forces, so as to bind it

up with them in reciprocal action and equivalent effect.”

After many unsuccessful experiments he concluded:

“Here end my trials for the present.  The results are negative.  They

do not shake my strong feeling of the existence of a relationship

between gravity and electricity, though they give me no proof that

such a relationship exists.”  (Encyclopedia Britannica, l97l, pp.

670, 673).

The absence of an underlying causal theory to explain either phenomena was

consternation for both Faraday and Einstein.4  But from their efforts, together with

Minkowski unification and Hubble expansion, a yet to be appreciated dynamic is

revealed.   The construal of gravitational and electrical fields as spatiotemporal action

and reaction is contrary to the complexities modern theoretical physics has bestowed

upon it’s disciples.  As mused by Victorian  Essayist, Thomas Carlyle:5

“Men understand not what is among their hands”

4
Having succeeded in identifying gravity as a manifestation of space-time curvature, Einstein

endeavored to relate electrical phenomena to a similar geometric effect.  In this effort, to which he
devoted most of his later years, he is considered to have failed. (Editorial comment - McGraw-Hill

Scientific Encyclopedia, 1992). 

5
On the subject of life on other worlds throughout the cosmos, Carlyle had this to say: “A sad

spectacle.  If they are inhabited, what a scope for misery and folly.  If they are not, what a waste of

space.” 
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CHAPTER I

SPATIAL MECHANICS

“Why are the equations that describe such different physical
phenomena so similar?  We might say: It is the underlying unity
of nature.  But what does that mean?  What one thing is there
that is common?”  Nobel Laureate Richard Feynman answered
his own rhetorical:  “....it is the space, the framework into which
the physics is put.”
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Global Acceleration

“All is space.  The forms of energy are the distortions of space and

nothing more.”                                                                   J.D. Ross

Spacetime is the operative framework of the physical world.  Coupling

between spacetime, matter and motion portray as classical forces—gravity, inertia,

electrostatic and magnetic.  Each field is a different expression of the expansion

dynamic consentient with the forms thereof.  Action-at-distance is a predictable

manifestation of venerable physics principles.  

Our quest begins with gravity.  Ironically, the connection between Einsteinian

gravity and Newtonian inertia is fully contained in Newton’s 2nd Law, as valid today

as ever since rate of change of momentum involves the temporal variance of mass as

well as well as velocity.  As the reader may anticipate, gravity cannot be separated

from inertia or acceleration, nor can it be isolated from the universe and the

expansion thereof.   How then can mutual attraction between masses be understood

in terms of mass and acceleration acting autonomously?    To put the question is to

answer it.  Gravity is the natural result of cosmological expansion.  Space under static

stress is meaningless, dynamic spatial stress is tantamount to acceleration.  

 

The Cosmic Acceleration Parameter  

               According to the “cosmological principle,” the universe has neither a center

nor an edge; it appears functionally the same in all directions from any point of

surveillance.6  Every observer will have a subjective view of the Hubble complex as 

isotropic expansion centered upon their own location.  This leads to shifted but 

equivalent perspectives of the cosmos as accelerating volume.  The problem posed 

is that of relating gravitational force to global expansion.  Because the cosmological

principle offers a constitutional guarantee “that all free space locations are created

equal,” our task is greatly reduced.7  If the expansion rate of the void is determined

anywhere, it is known everywhere.

To set the stage for what follows, the hypothesized distortion of static space

by inert matter is replaced by the concept of accelerating space.  This teaches away

from the Einsteinian view of gravity as static spacetime curvature, offering in its

6
This proposition has profound implications.  It is the basis of modern cosmology—yet the

idea is ancient. “God is a circle whose center is everywhere and whose circumference is nowhere”
(Empedocles, Fifth Century B.C.).  “Whatever spot anyone may occupy, the universe stretches away
from him just the same in all directions without limit” (Lucretius, First Century B.C.).

7
 We take as the communicable universe “the now operative volume encompassed by a

sphere of uniform synchronous expansion concentric with an observer.   Examiners at different places
will interpret the cosmos as that contained within the Hubble horizon centered on their own situs, and
each will derive identical properties in accord therewith.  But a single 3-D sphere cannot satisfy the
cosmological principle as a complete universe.  For a spatially closed finite volume, the common
analogy is an inflating balloon with an extra dimension, i.e, a unbounded expanding 3 space neither
embedded in a surrounding fourth spatial dimension nor enveloping an interior space–all existence is
concentrated in the dimensions of  a circum-navigable 3-D surface 
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stead a dynamic derived from global expansion.  Substitution of acceleration for

static curvature recovers G without further postulation.

            In the cosmic landscape, the Hubble scale defines a sphere of radius RH

consistent with linear velocity distance law v = rH.8  Each complex delimited thereby

is determined by the maximum distance from which information can be received if

communicated at the speed of light (v = c); the maximum radius of a sphere causally

connected to our place in space.  All Hubble spheres are taken as equivalent, but each

is unique in the sense that every attestant will avouch his position to be central.

   Any point adopted as a Hubble center will have its own range of influence. 

This distance of communicability is not, in general, synonymous with the observable

universe, (which is frequently used to mean the ‘now” distance of luminous objects

from which photons presently reaching earth were emitted).  Nor is it always used to

express concurrence with the recessional velocity of the photon horizon (the growing

scale of the Hubble sphere).  Herein “communicable distance” is taken as the particle

horizon measured in the observer’s space at the time “now” and in that sense the

observable universe corresponds to the communicable distance defined by the

idealized reception of photons having infinite redshift.  The particle horizon thus

recedes, but for our purposes, a snapshot in cosmological time is all that is required

to identify a communicable length RH = (c)To where ‘To’ is the Hubble time (that

required to shrink a Hubble sphere to a point at speed of light ‘c’).  The ‘now’ value

of the Hubble constant is denoted Ho = 1/To (the reciprocal of Hubble time).9   In

what follows, the limit of communicability RH and its rate of change dRH/dt are used

to derive the dynamic characteristics of space and its affect upon an inertial mass in

an otherwise empty universe.  From these findings, we derive an expression for the

gravitational constant G.  As later developed, matter and its distribution are seen also

as factors that matter (excuse the play on words) in the context of cosmic evolution. 

            Using Newton’s notation, the volumetric growth of space within the Hubble&V
sphere and its derivative (volumetric acceleration) is related to the spatial flux&&V
dR/dt and its rate of change d2R/dt2.  To find the internal production rate of space,

we construct an imaginary Gaussian surface S of radius RS to encompass the Hubble

volume as shown in Figure 1.  Accordingly the following relations (1.1) hold:10  

8
In 1929, Edwin Hubble made the astounding claim that extragalactic redshifts increase with

distance, yet he expressed reservation about the cause.  A year earlier, Howard Robertson had used

the same data to derive a redshift distance relationship of the form zc = HL where z is the fractional

increase in wavelength (λo - λ)/λ and L is the distance.  From this, Robertson made the assumption that

cz could be roughly approximated as a velocity, and therefore,  v = HL.  As it turned out, this analogy

lead to a change in thinking--the observed redshifts could be attributed to spatial expansion rather than

recessional Doppler velocity.   Robertson not only derived the velocity distance law prior to Hubble’s

announcement, he correctly interpreted the redshifts as cosmological expansion. 
9
 Although not directly measured, the speed of gravitational affects are prophesied as equal

to that of light.  If collapse of a gravitational field is possible, it would be noticed simultaneously with

the arrival of light heralding the event.  But the residue of destroyed matter has the same gravitational

mass as the object destroyed, and its inertial center is unchanged.  The same is true for accelerated

matter—conservation of momentum requires the gravitational center of action-reaction be unchanged. 
10

 In Newtonian notation, the single and double superior point denote the first and second

time derivatives respectively [Appendix A-I].    
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               Figure l.  Spatial Expansion Modeled as Changing Volume

A Hubble sphere of radius RH will contain a volume VH = (4/3)π(RH)3.  For
uniform radial dilation at velocity ‘c’ the volumetric acceleration of the Hubble
sphere is [8π(RH)(c2)].  If RS represents the radius of a spherical Gaussian
enclosure having a fixed surface area 4π(RS)

2, the rate of change of spatial
volume dV/dt will equal 4πRH

2c as indicated by the arrow dV/dt denoting
spatial volume per second exiting across the fixed Gaussian surface.  In a
slowing universe, the Hubble dilates at greater velocity than the recessional flow
of internally expanding space; in an accelerating universe, the opposite is true. 
To evaluate the present state of the universe, it is necessary to know whether the
second term of (1c) is zero, positive or negative.  When the radius of the
Gaussian surface S is shrunk to RS = RH  (or conversely when the Hubble has
expanded to RS) the Gaussian surface takes a snapshot of the exiting flow as
measured by the metering orifice area 4πRs

2.  The conceptual significance of
spatial flux exiting across the Gaussian surface is that it reveals the dynamic
state of the universe within the Hubble sphere.  All space beyond RH can be
ignored since only changes within the Hubble sphere contribute to acceleration. 
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If the Hubble sphere expands at constant radial velocity ‘c’  the production

of spatial volume is given by the first term of (1.2): 

                                               (1.2)
&& ( )( & ) ( ) ( && )V 8 R R 4 R RH

2 2
= +π πH H H

In the ‘mks‘ or si {systême international} units, volumetric acceleration is

expressed as cubic meters per second squared {m3/sec2}.  The dimensional units of

G are defined in terms of volumetric acceleration per unit mass [m3/sec2]/kgm where

‘kgm’ is used throughout this treatise to mean “kilogram of mass” as distinguished

from ‘kg’ which represents “kilogram force.”  

 Dilation at the speed of light ‘c’ thus corresponds to a Hubble volume

accelerating at (8πRc2).  While the Hubble limit is not a physical thing, and has no

mechanistic influence upon the strength of the gravitational field per se, the manifold

will prove a useful analytical concept for mensuration. A Gaussian surround ‘S’

contiguous with the surface defined by R is an adaptation of a volume to surface

transformation first elaborated by the 18th century mathematician, Carl Gauss.11 

Different expansion models lead to different formalisms.  In the stretching
space scenario, the universe is analogized to an elastic rubber sheet.   Uniform stretch

rate (c∆t = ∆R) is dubbed Minkowskian Expansion.  The Hubble sphere expands

at constant radial rate “c” and so does its internal space.  Galaxies diverge at a speed

proportional to their separation distance, but recessional velocities never change

(interstitial space increases but velocity is constant).  Because each of the three

spatial dimensions augment as c(∆t) the Hubble volume accelerates in proportion to

the cube of the radius [c(∆t)]3.  In de Sitter’s Universe, expansion is viewed in one

sense, as self creating space; the growth of new space depends upon the existing

dimensions, so the velocity of co-moving galaxies increase exponentially and the

scale of the Hubble sphere corresponds to the distance where the Hubble recessional

velocity is ‘c.’  In the Standard Model, expansion is based upon the Friedmann

equation(s) which postulates a big bang beginning modified to account for different

forms of energy densities thought to exist at different eras.  The model conforms

closely to the observational data for the present, but it depends from a high initial

velocity prerequisite (to overcome the high density of the beginning volume where

the entire mass of the universe is theorized to have been brought into existence in a

‘big bang’ genesis or some form of inflation).  Velocity is deemed to decelerate to a

minimum in about 7 billion years and for no presently verifiable reason, begins to

increase.  Einstein-De Sitter expansion was the defacto favorite during most of the

20th century. This variant of the standard model appealed to many theorists because

of its mathematical elegance.  If the universe had critical density, gravitation would

exponentially decelerate the rate of expansion to zero at infinite distance . 

While expansion formalisms can be adapted (with some finagling) to fit much

of the observational data., there is no one theory befitting all eras.  Conveniently, for

our purpose of calculating the ‘now’ value of G based upon the present rate of

expansion, only a good estimate of the Hubble constant Ho is required. 

11Johann Carl Friedrich Gauss (1777 –– 1855) sometimes referred to as the Princeps

mathematicorum (The Prince of Mathematicians)..
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  To apply a Guassian surface to measure expansion, the universe is assumed

homogeneous on the large scale, in form a composition of identical small volumes

each growing equally in the three coordinate directions X, Y and Z that make up 3-D
space.  Mathematically, this is identified as the vector divergence field of expanding

space, more specifically the fractional change in volume per unit time as volume

shrinks to zero.  All locations are assumed devoid of mass and gravitational fields,

only space is considered, and in this expose, it is the accelerating rate of volume that

powers the universe.  The divergence theorem relates the integral over the volume

of the surface containing these infinitesimal divergences to the sum of the flux

exiting across the surface that contains the volume.  To apply the Theorem, it is only

necessary to integrate over the volume and divide by the surface area, which in the

case of the Hubble sphere, is simply 4π(RH)2.  For uniform radial dilation, the volume

will be accelerating (m3/sec2).  When the Hubble expands at radial velocity c, the exit

flux across the area 4π(RS)
2 reveals a fundamental characteristic of the universe.12 

Per (1.1): 

                               (1.3) A
8 R R 4 R R

4 Rv
H H

2
H

2

S
2

=
+[ ( )( & ) ( ) ( && )]

( )

π π

π
                                                                                                                                 

For a snapshot when RH = RS = R, (1.3) reduces to: 

   

                                                                              (1.4)A
2R

R
Rv

2

= +
&

&&

In terms of the paradigmatic deceleration parameter                        q
RR

R 2= −
&&

( & )
q

RR

R 2
= −( )

&&

&

(1.4) becomes:13                

                                                                           (1.5)[ ]A
R

R
A qv

2

H= −
( & )

]

12
The divergence theorem states: The volume integral of the divergence of a vector field

taken throughout a bounded domain equals the surface integral of the normal component of the

vector field taken over the boundary.   Symbolically: 

                               

                                                      IIIdiv F dV = IIAn dS

where div F = lim(V60)[(1/V)(dV/dt). The divergence of a vector field is a scalar field that represents

at each point of the field the extent to which the field diverges from the point.  Thus for vector field

F, the divergence is the scalar field obtained by performing the following operation:

                          F = Fxi + Fyj + Fzk                              div F = [MFx/Mx + MFy/My + MFz/Mz]

 
13

The deceleration parameter q is a dimension-less factor devised to express the dynamic

properties of the universe in terms of the scale factor R. Its name is a carryover from a time when most

authorities were convinced expansion was being slowed by gravity.
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Equation (1.5) expresses volumetric expansion per unit area as a composite

of two factors.  AH has a value of 2 for space co-expanding with the Hubble sphere,

in which case q = 0.  We termed this Minkowski expansion, herein our vote for the

equation of state that prevailed during the first “half life” of the Hubble.  If the ‘now’

state of expansion is accelerating, then q = -1, and the current state of affairs is: 

 

                                             (1.6a) [ ]A
R

R
A q

3c

R
3H R

2

H

2
2

v = − = =
( & )

]

                

The Av parameter has far reaching significance; it transmutes a facet of empty

space to a dynamic operative.   As will be later developed [equation (2.25) infra], the

factor 3H2 corresponds to Einstein’s cosmological constant Λ. Volumetric

acceleration per unit area can thus also be written as ΛR.   
Resolving Av along any normal drawn to the Hubble surface defines the

directional acceleration: 

                                                   An = Av/3 = c2/R.                                    (1.6b) 

 
which is 1/3 the volumetric acceleration per unit area for 3-D space.  The acceleration

in the direction of the normal, however, is the same as the acceleration in the

direction of any radial, which, in the case of de Sitter expansion, corresponds to a

radial acceleration defined by q = -1.  And since q = - c2/R, we arrive at the same

value for the directional acceleration An by simply considering q.   In other words.

When q = -1, the radius is accelerating at c2/R and therefore volumetric acceleration

per unit area is 3c2/R. 

That the experimental data conforms closely with a uniform expansion rate

‘c’ for the first half life of the universe proves convenient for defining a Hubble time

constant To = 1/Ho in terms of a distance c(To) as previously discussed.  All matter

will be subjected to the isotropic acceleration intensity Av.  It is encoded within the

mathematical emolument of the expanding universe. 

For flat space, the notion of R as a scaling factor for distances and velocities

is preserved  (The concept of the Hubble limit and its relation to the present distance

of communicability is equally applicable to flat space).14 
The velocity-distance law v = Hr specifies the rate of change of velocity with

distance, i.e,

                                                         dv/dr = H                                             (1.7a) 

The expression (1.7a) says nothing about whether the velocities of the nebula per se

are increasing.  To measure a velocity change for a particular galaxy, then               

                                                                                              (1.7b)& & &v Hr rH= +

14
 Einstein’s schematic was founded upon the prospect of a static universe with positive

curvature; The modifications introduced by Einstein in 1916 added a term Λ to prevent gravitational

collapse, but Einstein offered no causal connection between G and Λ 
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For a q = (-1) universe, H is constant, so the second term of (1.7b) is zero, and

therefore radial acceleration a = Hv.  In a q = 0 universe, v does not change, and

accordingly:

                                                                                                  (1.7c)HR RH& &= −
                                              

One formalism appears to be in play during the first half-life of the universe,

(1.7c) and another during the latter (1.7b).  To explore the affections of our curious

cosmos that  lead to accelerating expansion, some new relationships will be needed. 

Of particular interest in the context of the G field chronicled in Chapter II is the state

of positive matter density and how it is balanced by negative expansion pressure.15

There is much that interlocks the present state of cosmological theory with

the work of its experimental inquisitors.16 To deal with the universe, is to construct

models that compliment the data.  In Appendix I, accelerating space is depicted as

a radial array extending beyond the Hubble limit to a vast unobservable universe

forever lost from our poor power to comprehend.17 

The velocity acquired by an accelerating object is:

   

                                                       v = IIIIa(dt)                                               (1.8a)

Uniform radial acceleration c2/R for a time To corresponds to a velocity:

                                                 v = (c2/R)(1/Ho) = c                                    (1.8b)

                                                 

15
Minkowskie expansion generates negative pressure which is greatest when R is small.  As

the universe expands, negative pressure reduces to the level of matter density at which point pressure

and density balance to zero.  As explained in Chapter III, this condition triggers de Sitter expansion.

16
While widely separated nebula are observed to recede from one another at velocities greater

than c, these objects are comoving with the recessional flow of space rather than with respect to space;

ergo, Special Relativity does not impose a speed limit for recessional drift.

17
If instead of a sphere we select a cube of space for our expansion model, then for a volume 

V having three equal sides X = Y = Z = 1 expanding at c: 

                                                                 dV/dt = 3Y2[c]
And the acceleration is:

                                                        d2V/dt2 = 6Y[c2] + 3Y2 (Ÿ)

Applying the volume to surface divergence transform, we divide by the area 6Y2 so the effective

volumetric acceleration per unit area of the cube is 

                                                             Ac = ([c2]/Y + Ÿ/2)/3
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GRAVITY

Sir Isaac Newton derived the gravitational force between masses;
Albert Einstein interpreted the influence of one mass upon
another as space-time deformity. But neither could explain the
nature of the interaction between matter and medium, nor could
their theories predict the value of the gravitational constant G.
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The Gravitational Constant

            “No machinery has ever been invented that explains gravity without 

              also predicting some other phenomena that does not exist.”

                                                                                              Richard Feynman

Newton’s recognition that falling objects and planetary motion are governed

by the same physical law was perhaps his most far sighted—and controversial

contribution to the scientific world.  That masses could reach out across empty space

and exert attractive forces upon one another was regarded by many as voodoo

physics.  Newton himself refused to hazard a guess as to the “modus operandi” yet

he was profoundly bothered as to the origin of this perplexing “action-at-a-distance”

and, like others, sought some further explanation.  In “Principia” he states:

“We have explained the phenomena ...but I have not been able to
discover the cause...and I frame no hypothesis...metaphysical or
physical...occult or mechanical...”

Years later in a letter to Richard Bently he would write:

“That one body may act upon another at a distance through a
vacuum, without the mediation of anything else, by and through
which their action and force may be conveyed from one to another,
is to me so great an absurdity, that I believe no man who has in
philosophical matters a competent faculty of thinking, can ever fall
into it.  Gravity must be caused by an agent acting constantly
according to certain laws, but whether this agent be material or
immaterial I have left to the consideration of my readers”

More than two centuries would pass before the world received a tenable

explanation of gravitational attraction.  Like Newton, Einstein asserted that gravity

involved continuous action, but he went further by developing a geometric construct

wherein the contents of the cosmic container determine its size and shape.  In

rejecting the notion that physically separated bodies act directly and instantaneously

upon one-another, General Relativity postulates the conditioning of space-time by

local matter and the influence thereof being propagated to other parts of the universe

at the speed of light.  The theory has quantitative significance when dealing with

relativistic velocities and large masses—and it correctly predicts the slowing of

clocks, the perihelion motion of Mercury, and the deviation of light—yet it leaves

certain ultimate questions unanswered—namely, “what” determines the value of the

gravitational coefficient G, and  “why” does mass alter space and time?  In this sense

we are still left with Newton’s dilemma:  How is it possible?
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Figure 2.  A uniform spherical mass “M” concentric as to its velocity field will
be subjected to an isotropic cosmic flux An.

18  The inertial reaction of “M” to
this acceleration is M(-An).  The equal and opposite force exerted upon space
will be distributed uniformly over the manifold with intensity M(An)/4πR2. 
Since the same number of force lines converge upon “M” through all closed
encompassing surfaces, the field intensity Im (# of force lines per unit area) at
any other distance “r” greater than rm will be:19

        
                               Im = Force/meter2 = (M)(An)/4π(r2)

18
As discussed previously, the measurement of velocities and forces in relation to spherical

shells centered on our position does not prejudice the mathematical model since all points in the
universe are equivalent. The commonly used cosmological allegory of the two dimensional surface
of an inflating balloon has each observer judging his position to be central to what appears to be an
expanding flat space.  In this simile, all spectators share the same curved surface, but they are unaware
of the curvature.  In a like manner, every observer in our three dimensional world will view their situs
as central to an expanding volume.  This perspective of the universe as a 3-D surface cannot be drawn
or visualized because the Cosmological Principle appears to require global geometry be hyperspherical
The advantage of the metric ground-form avoids the necessity of having to conjure a 4-D space within
which to embed 3-D curvature.

19
Fields are an intellectual construct first put forth by Faraday to explicate action at a

distance.  As is usually understood, a field is an assignment of values (such as magnitudes in a scalar

field, or magnitude and direction in a vector or tensor field) to points in space. To relate the strength

of a source to the area over which the influence is operative, Faraday hypothesized an array of

continuous lines radiating outwardly from the source.  This leads to the familiar “inverse square” law

wherein force intensity (number of continuous lines per unit area) diminishes geometrically as the

square of the radial distance from the point of origin.  
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The Interaction Between Space and Mass 
  
                      One of the significant recognitions of modern cosmology is that space has

properties.20  Being non-material, its attributes are sui generis, yet recognizable and

measurable.  General Relativity predicts it can be twisted, dragged, stretched, bent

and rotated.21,22  Its permeability and permittivity determine both the impedance and

velocity of electromagnetic waves.  And out of the Equivalence Principle, a new

reciprocity has arisen between forum and mass that betrays inertial and gravitational

forces to be but different sides of the same coin; each the result of shared connection

with the global dynamic.23 

The idea of interaction between space and matter is by no account new. 

Newton concluded that inertial reaction did not depend upon other objects, and must

therefore be related to space itself.  He invented the concept of ‘absolute space’ as

a reference frame by which acceleration could be measured.  But Einstein averred

that both velocity and acceleration were relative.  Symmetry is a common fundament

implicit in natural law; it is immaterial whether mass accelerates with respect to the

universe, or vice versa.24  While the Newtonian proposition is grounded upon the

perception of force as the agent responsible for producing velocity change, Einstein

concluded that gravitationally attracted objects were following curved space-time

geodesics created by the distorting influence of mass upon static space.  In our

paradigm, divergent spatial flow is a property of the void, it defines the reference

frame of the universe by which all acceleration is measured.  For a uniform spherical

mass M immersed in the global isotropic acceleration flux, the reactionary force

along any line of action is by Newton’s Second Law and (1.6a):

                                                                                     (1.9)AAAA MMMM
cccc

3R3R3R3R
(((( q)q)q)q) MMMM

2222

n HA= −

20
Quoting Stephen Hawking: “Empty space isn’t empty....” 

21
 Einstein described space as a medium: “being at every place conditioned by the presence

of matter at a particular location and in neighboring places.” 

22
In 1918 the Austrian physicists, Josef Lense and Hans Thirring, predicted the magnitude

of spatial drag induced by rotating mass.

23
In Einstein’s elevator thought experiment, the passenger inside a closed container cannot

detect whether the force is due to a gravitational field or the acceleration of the container relative to
the universe, or vice versa. It makes no difference whether a mass is accelerated relative to the rest
frame of the universe, or whether the universe is accelerated relative to a static mass; the resultant
force is the same.  Newton’s “Second law “likewise makes no distinction between the acceleration of
mass relative to space or the acceleration of space relative to mass.  But if acceleration of the universe
produces instantaneous forces on a local matter throughout the universe, is not the acceleration field
a global condition of space continuously linked to all forms of mass at all times? 
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                  Figure 2 shows the inertial reactionary field for an exemplary section of

a two-sphere universe of mass Mu distributed as a surface density σ = (Mu/4πr2). The

introduction of a new mass M at the geo-center depicts as a bundle of convergent

lines terminating normal to its surface of radius rm.25  Each bundle of lines is

associated with a unit of area on the two-sphere manifold of radius R—and since

every line in the bundle passes through all imaginary closed concentric shells

encompassing M, the ‘force-line’ density at a lesser distance r will be greater in

proportion to the ratio of the squares of the distances (R/r)2.  The reactionary force

intensity at any point measured from the center of mass thus follows directly from the

convergence of the field (same number of lines passing through all closed Gaussian

surfaces encompassing M).  Mass M renders a uniform counter force [(-An)(M)]

upon the Mu—this translates to an added force line density [(An)(M)]/4πR2 at R.  The

field intensity at any other imaginary shell of radius r centered on M, is therefore

[(An)(M)]/4πr2].  If force is measured in newtons and area in square meters, intensity

will have mks units of stress (ntn/meter2).  From (1.5) and (1.9) the field intensity

Im on the spherical shell of mass M is:   

    

                                                                    (1.10)IIII
ForceForceForceForce

metermetermetermeter

McMcMcMc

3R3R3R3R

(A(A(A(A q)q)q)q)

4444 (r)(r)(r)(r)
mmmm 2222

2222
HHHH

2222
= =

−









π

The gravitational field EG is defined as force per unit mass.  Our derivation

outputs the intensity in units of ntn/(meter)2.   But this is to be expected inasmuch

as the set-up was rigged by spreading Mu over an area coextensive with the Hubble

surface to take advantage of Faraday’s concept of field  convergence.  To recover the

stress intensity Im given in (1.10) in terms of a kgm of mass, multiply both sides by

(meter2)  and divide by kgm.  The resulting force density per unit mass EG [equation

(1.11)] will have units of ntns force divided by kgm(s) mass, i.e., the gravitational

field is:

                              (1.11)EEEE  (I (I (I (I ))))
metersmetersmetersmeters

kgmkgmkgmkgm

MMMMcccc

3R3R3R3R

(((( q)q)q)q)
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π

             The bracketed multiplier term carries the captured dimensional units

generated by transformation of the field from ntn/m2 to ntn/kgm.26 

25
Spatial acceleration is the alter-identity of dynamic stress.  The density σ = (Mu/4πr2) can

just as well be replaced with the expansion acceleration factor.  The total force on a real or imagined

matter surface enclosing a volume is calculated by integrating the stress over the containing surface. 

When related to the volume, this can then be transformed by using the divergence theorem in reverse,

to output the intensity in units of ntn/kgm
26

“Tag-along” units are implicit in the formulation of any affect inversely diluted over a

spherical surface  In equation (8), E has units of ntn/m2.  Transformation from ntn/m2 to ntn/kgm
relates the totality of the spatial reactionary force distributed over the Hubble manifold to the

Newtonian inertial force produced by the isotropic acceleration field acting upon mass M. 
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The dimensionality of the field follows from the fact 4πR2 contains the mass

of the universe in surface density form σ = Mu/4πR2 so the force can be represented

as the interaction between M and Mu, wherein the latter enters as a surface density

(4πR2)[kgm/m2].  The directional field intensity (c2/R)(1/4π)(m2/kgm) is thus‘auto-

dimensioned with the same units as G, i.e., as volumetric acceleration per unit mass. 

However, it is the acceleration of space that is primary, the coefficient G simply

expresses the inertial reaction of matter subjected to global isotropic acceleration.27 

Historically, positive q was attributed to gravitational slowing.  If density and

pressure are both ignored, (or if equal and opposite) cosmic evolution is determined

by Λ. Here we provisionally adopt the q = -1 accelerating universe as the now state

of expansion, hence for the two sphere model we label G as G2 and R as R2:

                                   (1.12) G
c

4 R

meters

kgm2

2

2

2

=






π                     

            
Our ambition for a theory interrelating the physical constants within the

dictates of a zero energy platform embarks with (1.12).28 G is ordained by global

expansion, subject to the model employed to account for the distribution of matter. 

The acceleration parameter for our two-sphere An = H2(c) = c2/R2 conforms to the

velocity distance law, and the G2 parameter derived therefrom is consistent with

expansion algorithms compliant with the standard model.  The generic form is

retained in (1.9) - (1.11) both for historical reasons and because different values of

q and AH may be applicable to other eras and other models.  Of particular interest is

the set {AH = 2, q = 0} from which our present accelerating universe may have

succeeded.  From estimates based on the ‘Standard Model’ the Hubble distance is

approx 13.7 Gly = [(13.7)x109)][(9.46)x1015meters/light-year], or 1.29 x 1026

meters. For the two-sphere model then:29 

      

             G2 = [c2/4πR]{meters2/kgm} = 5.55 x 10-11(m3/sec2)/kgm    (1.13)

27
The relationship between surface density and volumetric density is 4πr2/(4/3)πr3 = 3/r.  The

Hubble density can be thus be expressed as (3/R)kgm/m2. Whether the reactionary force of matter is

due to the quantum characteristics of space or an organic property of the universe as a whole, the

mechanism does not require gravitons or any other form of information traveling between masses.  

28
 The Hubble sphere contains all galaxies receding at less than the speed of light.  Those at

the edge exit with co-moving space at velocity  c.  As discussed in Appendix I, the Hubble dilates at

velocity UH = d(RH/dt) = c(1+q).  In a slowing universe  the Hubble distance overtakes the recessional

flow at relative velocity UH - c = cq.  For q = 0, the Hubble sphere grows at velocity c and the distance

RH  coincides with the distance to the surface R.  For an accelerating universe, q = –1, so UH = 0.

29
In most literature, H is expressed as the ratio of recessional rate measured in km/sec per

unit of distance measured as mega parsecs (mpc).  One mpc = 3.09 x 1019 km. The empirical value

of G = 6.67 x 10-11 (m3/sec2)/kgm, Ho corresponds to [71(km/sec)/mpc]. To convert [(km/sec)/mpc]
to mks units, first divide by  3.09 x 1019 km/mpc.  Thus if Ho is 71 (km/sec)/mpc division by (3.09
x 1019 km/mpc) = 2.3 x 10-18/sec.  The Hubble time To is then 1/(2.3 x 10-18/sec) = 4.3 x 1017 sec, and

the scale R is c/Ho = (3 x 108 m/sec)/(2.3 x 10-18 sec-1) or approximately  1.3 x 1026 meters.  Since one

year equals 3.16 x 107 seconds, the age in giga years  is (4.34 x 1017 sec)/(3.16 x107) = 13.7 Gy.  One

light year equals 9.46 x 1015 meters, so since the Hubble dilation rate has been constant over the

lifetime of the universe, our two sphere gravitational constant G2 = 5.55 x 10-11 (m3/sec2)/kgm 



The Now Value of the Hubble constant for a Homogenous 3 Sphere 

Modeling the universe as a two-sphere simplified the derivation, but the G2,

value obtained in (1.13) misses the mark by about 8%.   The gravitational coefficient

of a two-sphere universe will be less than a three-sphere universe having the same

energy and scale.  When the matter content Mu is distributed over the Hubble surface,

the energy U2D  is (Mu)
2G2/2R2 whereas the same mass homogenized throughout the

Hubble volume (per Appendix VII) will have energy U3D = 3(Mu)
2G3/5R3. Therefore:

               G2/R2 = 2U2/Mu
2               And             G3/R3 = 5U3/3Mu

2         (1.14)

To compare G2, to G3, we equate the energy/mass ratios, that is: 

                                                  [U2/Mu
2] = [U3/Mu

2]
In which case 

                                            G2/2R2 = 3G3/5R3                                        (1.15)

For G2 to equal G3, then 5/3R3 = 2R2, and therefore R2 = (5/6)R3.  Because G2 was

calculated using the R3 scale 1.29 x 1026 meters that corresponds to the three spatial

dimensions of the real world, the gravitational coefficient computed in (1.13) will be

in error by a factor of 5/6.   For the 2-D theory to correctly predict the value of G in

our 3-D world, (1.12) must be multiplied by (6/5).  The G3 value from the

numerology of the standard model is thus (6/5)(c2/4πR){m2/kgm} = 6.7 x 10-11

(m3/sec2)/kgm                                          

Above, both universes have the same energy, but R3 must be larger that R2 by a factor

of 6/5 if the two-sphere gravitational constant is to equal the 3-sphere gravitational

constant.  To transform (1.12) to 3-D multiply by 6/5. 

                              G(three sphere)  = [3c2/10πR]{meters2/kgm}                (1.16) 

         

NOTE: It is convenient to preserve the (1.12) form of the G equation as it expresses

the result in terms of the factor 4π (useful in deriving relationships that involve

surface areas.   Accordingly, (1.12) will be used with the understanding that R with

no subscript corresponds to the adjusted value of Hubble radius R = 5/6R2.  The last

word on the dependence of gravity upon expansion is yet to be written.
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The Deposition of Gravity 
                

The expansion theory of gravity is at this juncture incomplete—for we have

not addressed the origin of matter nor has it been shown how expanding space

couples to mass.  A model has been advanced and the (q = – 1) variant thereof

commandeered to explain the diminishing magnitude of the G field as the Hubble

scale distends.  If true, the inertial property of particles must increases as G weakens. 

Not surprisingly, this also is prerequisite to the continuity of the zero energy universe

which requires the total negative energy contained in the volume of each local g field

be always in balance with the positive mc2 energy of matter. Since negative energy

of g fields increase as the universe expands, the universe can be synthesized from a

zero energy state; the fiction of initial singularities ends here.    

In the Cosmodynamic paradigm, Einstein’s static distortion is replaced by 

spatial acceleration.  The root cause of gravity is subsumed within the action of

Newton’s second law.  With this realization comes the answer to the great cosmic

profundity—the ultimate fate of the universe.  Without expansion, there is no gravity

and without gravity there is no gravitational collapse.  In the end, there is no end!

How now should the sacred Constant of Gravitation be viewed?  The stature

of G as a finely tuned fundament of the universe can no longer be maintained.   Its

once exalted status is relegated to Newtonian reaction; the attraction between masses

is the distortion of dynamic space by inertial matter.

In the standard model, v, R and H are expected to change as the universe

grows.  Theories based upon variable G, however, are suspect; the many attempts to

measure long term changes in planetary lunar orbits have proved unsuccessful.  But

these experiments only confirm the invariance of the MG product; they do not

measure M or G as separate factors.  Even though particles exhibit enhanced inertial

reaction when accelerated to high velocities, the idea of expansion acquired inertia

and its variable G corollary is difficult for most readers to accept.  Take heart, it was

hard for the author also, but that is where the physics leads.  

We began our search for the gravitational constant with a quote from Newton. 

It is fitting this Chapter be ended likewise: 

   

“I derive from the celestial phenomena the forces of gravity with which
bodies trend to the sun and the several planets.  Then from these forces,
by other propositions which are also mathematical, I deduce the motions
of the planets, the comets, the moon, and the sea.  I wish we could derive
the rest of the phenomena of Nature by the same kind of reasoning from
mechanical principles, for I am induced by many reasons to suspect that
they may all depend upon certain forces by which the particles of bodies,
by some causes hitherto unknown, are either mutually impelled towards
one another, and cohere in regular figures, or are repelled and recede
from one another.  These forces being unknown, philosophers have
hitherto attempted the search of Nature in vain; but I hope the principles
here laid down will afford some light either to this or some truer method
of philosophy.”                                                                                      
                                                                                          Is. Newton, 1686
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POSTSCRIPT NOTES:

Time History of Inertial Acquisition and the Diminution of G

The MG product (Solid Green Line) for both individual particles and the
Hubble mass as a whole is invariant with time. In a (q = 0) universe,
inertial mass (dotted blue line) increases as G (dotted red Line)
diminishes.  If the universe transitions to exponential expansion at P, both
inertia (solid blue line) and G (solid red line) remain constant thereafter 
Beyond P, the scale of the unobservable de Sitter universe (solid gray line)
grows at an accelerating rate which would presently be approx 3x greater
than the Hubble scale RH (dotted magenta line).  The transition time P is
indicated by (Td) and the‘now’ time by the arrow (To). 

While the standard model descends from Friedmann’s hypothesis of fixed
inertial mass created during a brief genesis phase, it has been re-modeled
over the years to accommodate new discoveries and the theories invented
to explain the discoveries.  In particular, the forms of matter and their
relative densities at different eras are adjusted to create a velocity profile
consistent with luminosity-distance data gathered over many years of
observation.  In that effort, much has been refined to correctly estimate the
Hubble age, and it is this factor we have borrowed from the standard
model to develop a variable G/variable M theory of cosmic evolution
consistent with the expansion of empty space.
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Chapter II

Vacuum Stress

What I cannot create, I do not understandWhat I cannot create, I do not understandWhat I cannot create, I do not understandWhat I cannot create, I do not understand

Written by Richard Feynman in the corner of his office
blackboard at Caltech—where it remained for eight years
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Its Turtles All The Way Down1

Richard Feynman’s deliberations on the conflicting physiognomies of General

Relativity and Quantum Gravity were brought to the fore in a series of lectures given

at Caltech in 1962, subsequently published as “Feynman’s Lectures On Gravity.”  He

had hoped that in teaching the course, his own diversions on quantum gravity would

develop into a consonant theory.  Yet the notion that gravity might be a disguised

form of some known classical phenomena was always with him.2  For Feynman, the

provocative ideas of Mach, de Sitter and McCrea were of singular intrigue,3 His

attitude toward the problem is reflected in his own words:

1) Gravitation is a new field of its own, unlike anything else, or 

2) Gravity is a consequence of something already known, but incorrectly perceived

It was Feynman’s philosophy that nothing should be overlooked or dismissed

until exhaustively analyzed in terms of known principles.  New physics required

strong evidence. The empirical support for a theory of gravitons congruent with the

successful predictions of Einstein’s geometric was then, and is today, still missing.

In what follows we take notice of a cosmological agent unknown to Einstein

and unresolved by Feynman4  To make sense of gravity as a reactive force induced

by expansion, space must in some way be both insular and continuum, operatively 

discernable when accelerating, and then only when acting upon inertial matter.  The

reactance thereof must manifest as spatial stress, what is commonly observed and

measured as a local ‘g’ field, treated herein as synonymous with negative pressure.

The reactionary force created by mass accelerated relative to space is called ‘inertia.’ 

Space accelerated by mass also has a special name, Newton termed it: ‘gravity.’   

1“The Sun’s gravity holds the earth in its orbital plane.”  Such a statement provokes further

questions as to the cause of gravity and why it has a particular value.  Ultimately we are led to an

endless quest for the cause of the cause of the cause....  In ancient culture, the earth was projected as

a flat plate supported on the back of a giant tortoise.  As to what held-up the tortoise, another tortoise

was invoked to bear the first, and so on.  When pressed by a reporter to explain the root cause of

magnetism, Feynman joked: “its turtles all the way down.” 

2
“One very important feature of pseudo forces is that they are always proportional to the

masses.  The same is true of gravity.  The possibility exists therefore, that gravity itself is a pseudo

force.  Is it not possible that perhaps gravitation is due simply to the fact we do not have the right

coordinate system?” [Feynman - Lectures On Physics at 12-11]

3“Another spectacular coincidence relating G to the size of the universe comes in considering 

total energy...GMM/R where R = (To)c, with To being the Hubble time.  If we now compare this

number to the total rest mass energy of the universe Muc
2   lo and behold we get the amazing result that

GM2/R = Muc
2 so that the total energy of the universe is zero...It is exciting to think that it costs

nothing to create a new particle since we can create it at the center of the universe (which is any place)

where it will have negative gravitational energy equal to mc2.”  [Feynman, Lectures on Gravitation]

4
The isotropic acceleration field is the missing coordinate system per Footnote 2 above.



Gravity as a Consequence 

“When one tugs at a single thing in nature, he finds it attached to

the rest of the world “                                                       John Muir

              In deriving the cosmic acceleration parameter An, the hyperbole was crafted

to facilitate measurement at the temporal coincidence of the Hubble radius RH with

the fixed Gaussian surface of radius RS.  The acceleration flux does not depend upon

interaction; the fictitious Gaussian surface SU will mathematically conform to enclose

any representative Hubble surface volume defined by SR.   In Figure 3A the curved

surface areas (SR and SU) are projected as flat circles, the changing rate of diverging

flux being replaced by an equivalent parallel transport apropos of velocity v with

volumetric displacement:

                                                  dV/dt = 4πR2[v]                                           (2.1)

Unidirectional expansion can be analogized to withdrawing a piston from an 

already evacuated cylinder as shown in Figure 3B.  If the non-expandable mass M

inside the cylinder is to experience a pressure field less that zero, the piston and

cylinder must be impervious to leakage, or the volume of the false vacuum must

continuously accelerate at a rate greater than the leakage rate.  While negative

pressure inside the cylinder is directionally equalized, it is not uniform.  Pascal’s law

for negative pressure differs from the rules for positive pressure created by the kinetic

action of molecules.  Local pressure will be a negative maximum at the surface of M

and diminish with distance,  ergo, the acceleration gradient of the G field reaches a

maximum at the surface of M.  For the cosmos, the negative pressure field is created

by volumetric acceleration.  Energy is balanced to zero, the negative pressure field

surrounding M being equal to that exerted by expansion upon the imaginary manifold

(the equivalent of exiting momentum flow).   

The object of this imaginary experiment, is to distinguish the reality of the

void as a communicative medium when accelerating.   Acceleration of nothing is

negative pressure.   Figure 3B illustrates the difference between negative and positive

pressure, the former ceases to exist when the accelerating potential is removed,

whereas for a cylinder filled with gas compressed by a piston, positive pressure

remains after the piston is brought to rest.  Herein we will, from time-to-time, call

negative pressure by its alter identity, “dynamic stress.” For the unidirectional

universe of Figure 3A, volumetric acceleration per unit area is c2/R so pressure PM

at the surface of M will be:

                                                  PM = [(c2/R)M] /4πr2                                  (2.2)

where r is the radius of M.  The calculation for the earth is set forth in Appendix II

subject to the inclusion of the 6/5 factor expostulated in Chapter I. 

As shown in Figure 3C, an obvious but often overlooked convenience of

uniform stress is that each shell of thickness dr will have the same density ρu and

consequently an identical gravitational affect upon the Hubble center defined thereby. 



Figure 3A:  The Hubble and

Gaussian surfaces  projected as

“peeled off” flat areas.

Acceleration is unidirectional

but the resulting gravitational

field of M is isotropic  

                           

 

Figure 3B.  When the Piston is

accelerated by F, the internally

created negative pressure will

be isotropic as measured from

the center of a uniform sphere 

of mass M.  Negative pressure

force obeys the inverse square

law rather than Pascal’s Law. 

  

 

Figure 3C:  In a spherical structure having large scale uniform density ρu, the net

gravitational force exerted upon a co-centered point mass Mc by any elemental

shell of thickness ‘dr’ is independent of its radial distance “r.”  While Mc exerts

a net G force upon the elemental constituents that comprise the shell, there is no

net force upon Mc irrespective of whether the shell is considered a fixed

gravitational mass or a radially accelerating spatial flux.  In both cases, the field

acting upon Mc is isotropic and therefore net force is zero for all shells.
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The discovery of cosmological expansion in the 1920's rejoined confounding

questions raised by Einstein’s presumption of space as static, but it fostered new

affections about beginnings and endings.  To unravel the implications, it proved fruitful

to combine Einstein’s Theory of Gravity with Friedmann’s Model of Expansion.  This

allowed cosmologists to explore the universe in terms of the key parameters, curvature

(k), density (ρu), and deceleration (q).  Below we comment upon the most extensively

studied models (q = 0, +1/2, +1, -1):

For [q = zero], expansion is autonomous–the scale of space grows

indefinitely in proportional to cosmic age.  The invariant expansion

pace is encoded in Minkowski’s unification of space and time.  This is

the constant ‘c universe modeled in Chapter I, nothing disappears from

view ..in the forever coasting universe there are no horizons, kinetic

energy always equals potential energy. 

If [q = +(½)], density determines cosmic evolution.  This is the

mathematically elegant exponentially decelerating universe investigated

by Einstein and de Sitter in 1932.  Matter is deemed to originate

abruptly, and the expansion rate is initially many times the velocity of

light, being thereafter slowed by gravity, ultimately reaching zero

velocity at eternity.  The initial matter content must be finely tuned to

bring about the precise rate of deceleration.  Curvature k 6666 0 at eternity.

In the [q = +1] universe, geometry is closed, k = +1, pressure and

curvature are positive, expansion slows to zero, then reverses to

contraction and eventual collapse.   When Einstein’s cosmological term

Λ is included to balance gravity, the universe can be modeled as static, 

cylindrical in space and time as first proposed by Einstein.  

When [q = -1], pressure is negative, expansion is exponential and 

independent of ordinary matter density.  Space is flat or open, curvature

k =  -1.  The de Sitter universe accelerates indefinitely.

 

Different values of q thus lead to radically different phylogenesis.  Without

better data,  theory must fill-in as best can.  The expectation is that unrealistic models

will be cast out as better information is acquired.  At this juncture, however, it is

imprudent to rule out modes that might fit earlier conditions.  For example, the q = 0

state looks to be a good fit for an earlier era even though it deviates from what

cosmologists have adopted as the present ΛCDM standard model.  While q = (–1)

appears to be the correct descriptor for the ‘now’ condition of the universe, that

conclusion is based entirely upon the interpretation accorded 1a supernova events. 

Other interpretations of the data lead to different conclusions.   
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For those uncomfortable with a 13.7 billion year age limit that barely

accommodate the oldest (age adjusted to fit) astronomical structures, there is both hope

and despair within the q = -1 universe.5,6  The notion of eternal exponential expansion

avoids the creation dilemma but uninterrupted acceleration is inconsistent with the well

established theoretics of nuclear synthesis which depend from hot dense thermionics. 

The testament for a violent beginning derives from extensive observational data

supported by well developed models. The present state of affairs leads to the

conclusion that no single function fits all epochs.  The standard model attempts to tailor

the Hubble history to the present reception of long ago emitted photons; its refinements

are often more descriptive than predictive.  The notion of variable expansion based

upon gravitational slowing moderated by diminishing density provides a theory, but the

exposition succeeds at the cost of failing to I.D. the root cause of gravity and mass.   

Even if the universe is infinite in space and  past eternal in age, an effective

time To can nonetheless be defined for dating the first particles with the beginning of

we observe as expansion.  The Hubble time-constant To is roughly equal to the Hubble

age for the standard model.  Particle creation by“Big Bang” or “cosmological collapse

can then regarded as a asymmetric event within an existing space-time structure.      

Starting with the presumptions of constant G and constant inertia, the standard

model concludes with the density factor of ordinary matter decreasing in proportion to

the cosmic volume.  According to current theory, the lifeline of the expansion phase

starts with particles too closely packed to permit the escape of radiation, and proceeds

toward a future horizon that includes only our own gravitationally bound local galactic

group for future species to contemplate.7  The light presently being received  from the

earliest galaxies were emitted when the separation distances were about 1/11 of their

present value, the universe was about 470 million years old and these objects were 2.86

billion years from the stuff that eventually became the earth. 

The sentiment of the physics community, is that space is granular at some scale,

but the nature of the construct is unknown.  Hubbles’s data led Howard Robertson to

5
 The acceleration that corresponds to a Hubble velocity c = HR is uniform throughout the

universe; it is a local property of space.  The local Hubble acceleration is the same as the cosmological

acceleration, for any sized symmetrical container, the volumetric acceleration per unit area reduces

to the square of the velocity of light ‘c’ divided by a distance r.   This simple relationship is the

backbone of our thesis, repeated over and over in every chapter.  It is the only formula the reader

needs in order to understand how forces act at a distance.   For  gravity the denominator is r = R

(radial divergence); for electric fields r = ro (vortical circulation).  

6
While the Hubble parameter H0 has been down sized over the years, the most recent

experiments have converged upon a value in the low seventies.  Although there is uneasiness in fitting

some data into the corresponding 13.7 billion year age limit, the “Super Sandage” values on the order 

of (Ho = 42) would appear to be out of bounds unless some monumental systemic error were

discovered.    Such things have occurred in the past, however.   

7
 The argument goes as follows:  In decelerating universe(s) the Hubble sphere expands faster

than the recessional flow, so the number of visible galaxies increases with time whereas in an

accelerating universes the opposite is true.  If the universe has only been accelerating during the last

7 billion years, photons emitted in our direction will have traveled a long distance toward the earth

when the expansion became exponential, ergo we now see these photons from objects now invisible.
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the velocity-distance law which can be analogized as a continuous membrane.8  From

Appendix VII, the positive energy density required to build a Hubble sized universe is

twice the critical density of the Einstein-de Sitter universe:9,10

                                                      ρu  = 3H2/4πG                                              (2.3)

The dependence of density upon H and G leads to possibilities that range from variable

inertia to self creating mass.  Specifically from (1.12) and (2.3): 

                                                  ρu = (3/R)[kgm/m2]                                        (2.4)

For a given value of H, ordinary matter density is determined by (2.4).14  For

Minkowski expansion (q = 0), and (2.4) applies but G, H and Mu are variables.         

                 A fine tuned density function is critical in the standard model because global

acceleration is presumed to be driven by dark energy.  But density need not diminish

inversely with volume as commonly ordained, nor need matter have any particular

average density if the G field is the source of inertial reaction.   A net zero universe,

will always unfurl as critical density because the G field increases with volume as does

the inertia of matter.  This would appear to favor (q = 0) expansion as the frontrunner

for the job of orchestrating genesis and provocateur of matter.  Significantly, this can

come to pass without the aid of artificially implanted phenomenological parameters. 

     For a net zero universe, the positive mc2 energy must balance the negative stress

energy of expanding space.  Accordingly:

                 PS = F/A = (M)(a)/A = (ρV)(-c2/R)(1/4πR2)  = – ρuc
2/3        (2.5)

8 Hubble was not the first to relate redshifts to expansion, nor did he actually claim to have

made such a discovery.  The published data collected by himself and Humison showed an approximate

linear relationship between distance and the Doppler interpretation of redshifts as velocity, but the

correlation proved to be valid only for small redshifts.  As previously mentioned, Howard Robertson

used Hubble’s results to formulate the velocity-distance law which is true at all distances. 

9
 The expansion redshift(s) arises from the changing cosmological scale.  This is sometimes

attributed to spatial stretching, but the analogy is misleading because it hints of an external source

rather than an internal cause that depends upon“what is” to create “what is to be.” Exponential

expansion is the natural result of self creation.  When one end of an anchored elastic cloths line is

pulled upon with a constant velocity, the cloths pins separate but their velocity wrt to one another does

not change.  This corresponds to a universe where H varies with time and the galactic velocities

remain constant (or decrease due of G) as would be the case if they were initially put in motion by a

single event.   But in the supposed present state of our universe, H is constant, and the velocity of the

Nebula wrt to one another increases with time; such a cosmology is easily formalized within a model

built upon self creating space. 
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General Relativity or Something Else 

A question long pondered by cosmologists, is why the ratio GMu/Rc2 should 

equal “one” within the limits of experimental error.  In his search to find a scalar tensor

alternative to General Relativity, Robert Dicke (introduced by footnote on page 2)

would claim it the identity connective between inertial and gravitational mass, vis a vis

Mach’s Principle:11

                                                                                            (2.6)
M

M

GM

Rc
1

u

2

Gravity

inertia

= =

To make merit of Dicke’s theory, Rc2/G must equal Mu.  The problem has been

to find a way in which Rc2 determines the value of G, or alternatively to derive G in

terms of R and c by independent means.  As developed for the massless two sphere

shell model in Chapter I, this relationship exists as equation (1.12).  Therefore, since

[GMu = Rc2] is a valid experimental result per (2.6), then from (1.12): 

 

         Mu  = Rc2/G = [ Rc2/(c2/4πR)](kgm/m2)] = 4πR2(kgm/m2)       (2.7)

The relationship between Hubble volume and its mass-energy content per

Dicke’s supposition is consistent with the derivation of G set forth in Chapter I.  While

based upon the expanding two sphere model, the result is applicable to any spherical

volume when adjusted for the geometric(s) of three sphere reality.  Dicke’s premise is

a major step toward a single accord, one that aligns inertia with gravity.  The

interdependence of one upon the other is key to demystifying critical density as a fine

tuned constitutional feature or a miraculous providential consequence.   Alas, there is

no mystery, and no need to invoke deistic oversight.  Gradual accretion of inertial-

energy is the natural affectation of diminishing gravitational acceleration in our

expanding universe.  This is as it must be.  Equations (2.3), (2.4) and (2.7) are the

implicates of zero energy dynamic expansion.   

The notion of negative pressure as the reactive emblement of gravity teaches

away from the primacy of mass as an evolutionary factor.    Lumps of matter perturb

the cosmological expansion field passively (which is another way of saying reactively)

by creating local ‘g’ fields that come with negative pressure fields that exceed the void. 

The irony of particles is that these local ‘g’ fields are the result of internal forces that

prevent disassociation.  Pascal’s Law does not apply to negative pressure and therefore

does not apply to an expanding non-uniform universe.  Elevated negative pressure in

the proximity matter is Newtonian reaction on the scale of the cosmos.12   

11
Robert Dicke and others had predicted the wavelength of the CBR before its accidental

discovery by Arno Penzias and Robert Wilson while attempting to eliminate spurious noise from a

horn shaped antenna in 1965.   For their fortuitous fluke they received the 1968 Nobel prize.
12

Pascal’s law: “Pressure applied to an enclosed fluid is transmitted undiminished to every

portion of the fluid and the walls of the containing vessel.”
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There are limits to what a theory explains and concomitantly to what it leaves

as questions.  Newton established that forces were the result of changing momentum,

but neither Newton nor Einstein saw the void as vitality.  Newton refused to guess,

Einstein postulated spacetime curvature.13  Contemporary theory hypothesis gravitons

for G and massive, short lived, Higgs particles to account for M, but no physics to

explain the coupling mechanism of either.   In Cosmodynamics, all forces are related

to motion, space and time.  As Newton told us three centuries past, the mechanics of

the universe are not governed by statics but by dynamics.  Whether the change be in the

velocity of a physical object wrt the universe, or a change in the velocity of local space

relative to the object, force is proportional to rate of change of momentum.  It is only

the name that differentiates the action as inertia or gravity.14 The constant ‘c’ is the

communal factor in the space-time landscape.15  The nature of negative pressure and

how it creates matter during the start-up era of Hubble expansion are subjects yet to be

addressed.16,17

13
The failure of General Relativity to predict G and its inability to explain how inert matter

curves spacetime has led theorists to seek alternatives.  Most notable among these were those based

upon the perfect cosmological principle (PCP).  The premise is that, although expanding, the universe

remains in a steady state, essentially unchanged in appearance.  It’s most well know proponents were

Herman Bondi, Thomas Gold and Fred Hoyle.  Hoyle showed how the General Theory could be

modified to admit continuous creation, and although he found the same relationship for the critical

density as Einstein and de Sitter, the specification did not predict the form nor the rate at which matter

would be created.  However, another cosmologist, William McCrea, had proposed a rationale based

upon the supposition that cosmic tension Ps equaled the energy density (ρc2).  In such a universe, the

energy released by expansion maintains cosmic density constant.  The expanding false vacuum as

causation of matter was revived by Alan Guth some 30 years later. 
14

While curvature is factual, it is a consequence of motion rather than statics.  In the presence

of matter, the reactive field is superposed.  The measuring instruments are the indicators of

gravitational reactance and not the reverse premised by the substitution of geometry for physics.
15

The radius of the sphere r is determined by minimizing the sum of the ground state energy, 

the spherical surface energy, and the work done in forming the bubble against the liquid pressure. At 

zero pressure the sphere will have a radius r of approx 2 Angstroms.  When the pressure is made

negative, the sphere expands.  
16

 To pose the question of cosmological acceleration, is to suggest a line of inquiry that

depends from the question itself, namely self creating expansion.  In  negative pressure environments,

cavitation and nucleation bubbles expand.  The same is true when electrons are injected into liquid

helium–the repulsion between the electron and helium atoms creates an empty spherical chamber 

surrounding the electron which expands as the helium pressure is made increasingly negative  The

same result is predicted for bubbles induced by quantized vortices.  In empty space, energy and

pressure are negative, ergo, spatially quantized vortices in the otherwise empty void translate to

cosmological expansion.  The origin of free space angular momentum quantization is the subject of

chapter V and the origin of negative potential is discussed further in Chapter III
17

Vacuum energy in modern physics is that which exists in space devoid of matter.   It can

be observed experimentally in such phenomena as the Casimir effect, spontaneous emission, Van der

Waals bonds and the Lamb shift.  Quantum Field Theory asserts that quantization must exist at each

and every point in space.  Metaphorically, space is visualized as filled with vibrating balls and/or

springs. In short the theory considers space to have particle properties such as spin and polarization. 
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Dynamic Modulus And Longitudinal Wave Velocity

The region of proportionality between stress and strain is of fundamental

significance in physics and engineering.  The stress/strain ratio is a characteristic of a

given material.  For solids, gases and liquids, the adiabatic bulk modulus is the measure

of the change in volume produced by external pressure as determined by the electrical

and mechanical forces within.  In the case of spatial distortion, a like relationship

derives from inertial dynamics (rather than static compression or tension).  The

“Dynamic Bulk Modulus” βd  for a closed universe undergoing uniform isotropic

acceleration relates inertial stress to fractional volumetric change, specifically: 

                                        
βd

change in pressure

fractional change in volume

P

V Vo
= − =( )

/∆

While the concept of a modulus in a boundless massless geometry cannot be visualized

as a physical reality, a sample volume of space will suffice as a simile if treated as an

ideal gas in the sense that a change in acceleration pressure will alter inertial reaction. 

For a universe in tension, the pressure Ps = – ρuc
2/3 (equation 2.5), so the only variable

affecting pressure is ρu, specifically:
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The corresponding“ stretch” modulus Yd relates dimensional acceleration to stress 

                                    Yd = MMMMP/(MMMMR/R) = 3c2/R (kgm/m2)                        (2.10) 

The modulus Yd applies to axial deformation, analogous to a solid bar under

tension.18  For longitudinal sound waves in liquids and gasses, propagation velocity is

determined by the Bulk modulus.  But if longitudinal pressure waves can exist in a

negative pressure void, the appropriate modulus is not  βd = (c2 /R) per (2.9) but rather

Yd = 3c2/R per (2.10).  In the void, pressure equals (–)(ρuc
2/3) so the velocity of

propagation is (Yd/ρu)
½ which is “c” for ρu = 3/R.  The same result obtains directly

from the condition that 3Ps = – ρuc
2, which is requisite for negative pressure to cancel

positive density in Einstein’s equation [(2.22) infra].19

18
When a solid bar is impacted with a blow stuck at one end, the propagation conditions that

determine the velocity of the pressure wave are different from those of a fluid confined to a tube of

constant cross section.  Since the bar expands circumferentially when compressed longitudinally, the

appropriate modulus is Y (named in honor of the 19th century theorist, Thomas Young). 
19

The ratio of dynamic Bulk Modulus to the dynamic Young’s Modulus is 3 for an ideal

medium such as space.  In classical theory, the velocity v in an ideal gas is related to the average rms

velocity of its particle constituents, that is, v . (3P/ρ)½ = (-ρuc
2/ρu)

½ = c.   
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Transverse Wave Propagation

Transverse wave propagation requires an elastic restoring force.  In liquid

mediums, there is in general, no shear component of resilience, and therefore transverse

vibratory modes are not normally observed except along boundaries between physically

dissimilar fluids.  In surface water waves, for example, transverse restoration is

supplied by gravitational pull upon the surface disturbance; in the plucked string,

tension propels the wave by exerting a force that tries to reconstruct the string to its

unperturbed condition.  In connection with the latter, the velocity of propagation is:

                            

                                         

                                             (2.13) 

 

where F is the longitudinal tension and µ is the mass/unit length. To extend the

applicability of equation (2.13) to the cosmos requires a ‘stretch’ of the imagination (as

well as the string).  Practical problems aside, we select from the universe a filament of

space having a length equal to the Hubble scale factor R(t).  We anchor one end to the

center of the Hubble sphere and locate the other at the cosmic surface wherein tension

is contrived by the cosmological acceleration (c2/R).20  If the mass of the filament is Mf,

and its volume is Vf, then for a density ρu, the force F is:

                                             (2.14) F
c

R

M

1

c

R
V

2
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2
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The mass of the filament per unit length µ is (ρuVf) /R and therefore:

                                   (2.15) 

                                             

                                             

                             

More directly, from equation (2.5) the velocity of propagation of a transverse wave vt

in a medium is:21 

                                     vt  =  (3P/ρ)½ = [3(ρc2/3)/ρ]1/2 = c                      (2.16)

20
The thought experiment presupposes congruence between a stressed or compressed

filament, i.e., the numerical result is equally valid for a universe in tension or compression.
21

Since c2 = (µoεo)
-1 then from (2.9), the ratio of the dynamic bulk modulus to the cosmic

pressure is analogous to the free space electromagnetic impedance Z = (µo/εo)
1/2
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Energy and Dimensionality

 The energy in a particle of mass M equals the work required to remove it from

the universe.   Since “Force” can be expressed either as spatial rate of change in energy

dE/dS or as inertial reaction M(dv/dt), then

                                                    dE/dS = M(dv/dt)                                           (2.17)

The energy dE required to move M against the acceleration field  a distance RH is

M(dv/dt)(dS).  For dv/dt  constant, the integral of dS from r = 0 to R, totals the energy

of the pilgrimage 

                                                                  (2.18)E
Mc

R
dr Mc

2
2

r 0

r R

= =
=

=

∫

The potential of a mass mp in the gravitational field of another mass ms at a distance

r from the center of ms is G(mp)(ms)/r   Equating this potential to (mp)c
2 gives:

                                                    G(ms)(mp) =  mprc2                                   (2.19) 

        

From (1.12) with mp at a distance r equal to the black hole radius of rs, gives a value

for ms of: 

                                                 ms = 4πrsR(kgm/m2)                                     (2.20)

The idea of natural units formed by combining the constants q, c, and G was

first suggested by George Johnstone Stoney near the end of the 19th Century.  A few

years later, Max Planck derived a different set of dimensions using G, h and c.  In spite

of the fact that resulting magnitudes bear no resemblance to known constants, the

Planck length and time have acquired sacrosanct status.  As it turns out there are a

number of constants that can be combined in ratios that reduce to a single dimension.

For example if G and c are considered constant, they can be paired with known masses

to create recognizable temporal and length dimensions.   Specifically, if (Mu)G is the

numerator and c2 the denominator, the ratio reduces to the scale R of Hubble radius

(1026 meters).  If the denominator is taken as c3, the expression reduces to the Hubble

time To (about 1017 seconds).  When G and c2 are paired with the mass of the electron 

( 9.1 x 10-31kgm), the unit of space is roughly 10-57 meters [on the order of what would

be obtained using (2.20) to calculate the black hole radius of the electron].   

Since the constancy of G is at issue, it is no surprise that the lengths and times

created by the ratios GMu/c
2 and GMu/c

3 are also variables.  Ratios incorporating G

will, in general, not be constant.  The special case of a single mass M is an exception

where the increase in inertia M equals the decrease in G.  Mu increases as the square

of the Hubble scale per (2.7), so MuG/c2 is a changing dimension.  Dimensions have

meaning in relation to other dimensions. 
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The Null Universe

       Friedmann-Lemaitre-Robertson-Walker (FLRW) cosmologies proceed from

beginnings that miraculously create the energy content of the universe in a momentary

era of explosive violence or rapid expansion.22  At the other end of the spectrum are the

de Sitter and Steady State universes, which have neither abrupt beginnings nor finite

endings.  What is common to all genesis models is that they depend upon presumptive

theories to sell some form of the ‘matter happens’ portfolio, i.e., a whole lot of

something from nothing in a short span of time.  The most widely heralded account

was proposed in 1981 by Alan Guth.  The early universe was hypothesized to undergo

a period of rapid growth called “Inflation”  The mass creating algorithm depended from

a vaticination first put forward by William McCrea in 1951, namely that an expanding

negative pressure would create positive energy.  In Guth’s scenario, exponential growth

was postulated to terminate after a brief era comprising some 60 fold doubling(s). 

Thereafter, all forms of energy existed in a hot dense particle soup state from which no

light escaped for about 400 million years.  This was followed by the decoupling era, 

freed photons eventually became the comic background radiation (CBR) now observed

after 13.7 billion years of expansion.  By all indications, decoupling was marked by

wild acoustical oscillations (First predicted by the Russian Astrophysicist Sakharov in

1960) which affected the cosmic matter distribution and its subsequent evolution into

galaxies and groups of galaxies.  All that is known comes from CBR photons and

neutrino studies, neither of which provide information as to how the surrounding empty

space is performing.  At some point during the early history following decoupling,

expansion of the luminous forms of matter appears to have slowed, and then later

increased.  The standard theory fills in the blanks with extrapolations from red-shift

and luminosity data provided by photons emitted long ago by galaxies now receding

at the speed of light at the Hubble limit.  Our concern is with space and how it has

moved in the past in comparison to the luminous sources. 

As a dis-associated independent event, Inflation Theory can be conveniently

inserted into the evolutionary time-line without justification for its arbitrary start and

end times, and without affecting the underlying expansion model whether it be

accelerating, decelerating or constant.  All versions of inflationary theory depend from

the release of energy during false vacuum expansion, and indeed this mechanism is

ecumenically merged into our own genesis scenario which follows naturally from

Minkowski expansion and the (q = 0) creation parable.

  

22
The evolution of FLRW models depends sharply upon initial conditions.  For q positive

and greater than ½, the equations describe a hyperbolic space (infinite extent at the moment of the Big

Bang like Athena springing full grown from the head of Zeus in ancient mythology).  As an abstract

mathematical model, negative curvature  is conceptually useful but difficult to accept as a possible

description of reality. If q is positive and less than ½, the geometry is spherical (positively curved,

finite but unbounded in both space and time).  This too is acceptable as an abstract theory and while

more palatable than negative curvature, needs bolstering from other theories regarding initial

conditions.  For  q = zero, the expansion rate c is constant; the cosmos evolves from an undefined

origin thereafter expanding forever without limit.
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 It is important the reader distinguish ‘Gradually Acquired Inertia’ from the

now discredited ‘steady-state’ cosmology originally proposed in 1939 by the German

physicist, Pascal Jordan as a scalar-tensor alternative to General Relativity.  The basic

premise of Jordan’s Theory is that new particles are continuously created.  The idea

was later adopted by Hermann Bondi, Thomas Gold and Fred Hoyle.  To its supporters,

the argument for little-by-little assumed no more than what is claimed as having

occurred in the instant of a Big Bang, and for many it offered esthetic appeal. 

McCrea’s earlier work showing how positive energy would result from expanding

negative pressure was applied to justify the hypothesized new particles.  The Steady

State theory, by its nature, did not depend from a beginning; regulation was by and

through expansion-tension interdependence 

                                Controversy between Big Bang genesis and Steady State theory persisted until

the Cosmic Background Radiation (CBR) was discovered.  With no mass creating

algorithm in place, the theory succumbed to its critics.  What the Steady State chronicle

needed was an explanation of the CBR and a theoretic that maintains inertial density

congruent.  By contrast, the theory of ‘gradually acquired inertia’ starts with a short,

intense, particle creation phase from which all forms of matter descended.  The inertial

energy of the universe is enhanced as the universe ages.   

While General Relativity was developed within the framework of static space,

the same equations can be extracted from expanding Euclidean space.  When Einstein’s

constant of cosmological acceleration Λ is combined with the proposition that positive

energy density ρu equals negative pressure potential, de Sitter’s solution is recovered

from the Friedmann-Lemaitre equations.23  Per Appendix IV:
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In a de Sitter universe where positive energy density ρu is balanced by negative

gravitational pressure 3Ps/c
2 then (2.22) reduces to Λ.  Substitution for Ps and ρu from

(2.2) and (2.3) respectively, then for a (k = 0) universe, (2.22) and (2.23) give:

                                                                                                        (2.24)&&R
c

R

2

=

And therefore:                                  Λ =  3H2                                                   (2.25)

23
Although de Sitter’s 1917 synthesis was based solely Λ, at the time of its debut it was  not

considered a feasible model since it appeared to be restricted a universe devoid of mass.
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Equation (2.25) is Einstein’s prescription for static space, specifically at the

Hubble limit [- 4BBBBGDDDDuR + 7777R/3] will equal zero, which corresponds to 7777 = 3H2.  In

Cosmodynamics, the two factors are always in balance because gravity is understood

as a reaction brought forth by the cosmological constant Λ.  If the velocity-distance

relationship had been originally construed as an ongoing process, the connective

between Λ and G would likely have been recognized as Newton’s second law operating

on a cosmological scale per (2.24).  Instead, Hubble’s discovery was generally viewed

prosaically as the manifest of accumulating separation distance between nebula that

had been set in motion by a single explosive event.   The impact of expansion as an

ongoing process is yet to be fully appreciated.  For q = -1 then,

  

                                            dr/r = H(dt)
The de Sitter’s solution is: 

                                                           r = eHt                                                            (2.26)

Figure 4A plots cosmic scale R against time for exponential expansion.  In the

idealized de Sitter universe, the present state of affairs comes inevitably into

existence from a past eternal self perpetuating process.  “Time” scales are defined

in terms of the time constant (the chronological increment measured along the

base from a point where the tangent intercepts the temporal axis).  The time

constant JJJJ measured at any point X is equal to the time constant T measured at

any other point Y.  In such cosmologies the slope intercept is called the Hubble

time, it is nigh equal to the cosmic age in the standard model.  The elegant

simplicity of the exponential cosmos is appealing.  It lacks spatial and temporal

intercepts, there are neither maximums nor minimums, no points of inflection, no

discontinuities, singularities, nor inflationary interludes, no beginning and no

ending.  Because the derivative of an exponential function is proportional to the

function itself, it is equal to its own derivative. This self similar feature makes it

impossible to locate a temporal reference between antithetical infinities.

-37-



            Exponential radial growth doesn’t fit what we think we know about earlier

epochs and while it is now generally endorsed as the correct descriptor of the present,

the apparent lack of an energy source to power the acceleration needs to be addressed. 

An alternative to de Sitter’s solution can be crafted by taking the volume as the base

unit, whence the natural law of geometric progression follows from the existing

volume.  Still, there is no mechanism to explain why space is growing.  The hunt for

dark energy continues, and the reason why none is required reserved for Chapter III. 

             Any force proportional Gρr will mimic FG, so it was logical in the 1916 edition

of the General Theory that Λ would debut as a separate and distinct force equal to

gravity.  

   FG  =  GM/r2   = 4πGρu(r/3)                                   (2.27)

General Relativity correctly predicted the deviation of light and the perihelion shift of

Mercury’s orbit.  But it foretold not, how matter curved spacetime, nor did it offer a

reason why ΛR would fortuitously balance ρuG.  Nonetheless, the cosmological

constant and curved spacetime proved to be enduring landmarks even though Einstein’s

contemporaries were quick to recognize the instability of the delicately balanced

universe.  Surprisingly, the theory was unmodified until Hubble’s work was published

more than 10 years later.  Einstein construed the discovery of expansion as mandate for

doing-away with the cosmological constant.  Expanding space explained why the

universe had not collapsed, so why, Einstein reasoned, is Λ needed?  But instead of self

recrimination, celebration should have been the order.  Sadly for greatest theorist the

world has ever known, Λ would not be appreciated until long after his death in 1955. 

Einstein’s ad hoc cosmological constant anticipates what is probably the greatest

discovery of the 20th Century.   To perfectly cancel gravity, the volume of the universe

needed to accelerating at 3c2/R.  

                                           FΛ = ΛR/3 =  4πGρu(R/3)                             (2.28)

From (2.4) and (1.12), 

                                               ΛR/3 =  -(-1)3RH2/3 = c2/R                       (2.29)

And the volumetric acceleration is therefore 

                                                        ΛR = 3c2/R                                                (2.30)
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THE ACCELERATING UNIVERSE

Spontaneous creation has been a recurrent theme throughout scientific history. 

While an abrupt beginning of spatial expansion is plausible, it need not include the

entire mass of the universe in a single or short term just as it does not include all of

space.  The sudden appearance of mass-energy out of nothing is discrepant with what

is known about natural processes, like Zeus springing full grown from the head of

Athena.  Nonetheless, the general sentient of the twentieth Century had the more

distant galaxies receiving a greater initial boost and therefore traveling farther since the

beginning.  The model was fortified by the belief recessional velocities were slowed

by gravity, and for mainstream cosmology, exponential deceleration was the defacto

standard for many years. The all at once matter myth requires the expansion rate to be

fine tuned to avoid a quick crash or cosmic runaway.

The constant radial rate universe (q = 0) fulfils the requirement for a well

behaved expansion algorithm.  Based upon the unity of “space and time,” the three

spatial dimensions increase by 3 x 108 meters each second, and consequently volume

increases geometrically.  Space is created at the same rate as the Hubble volume, and

G is a variable per (1.12).  The intensity of the negative pressure during the first few

jiffies of expansion account for the hot dense particle creation era from which all forms

of matter succeed.  No special dispensation is needed by way of an inflationary

interlude, in fact inertial mass is continuously enhanced by the same mechanism first

proposed by William McCrea and later by Allen Guth and others.  The (q = 0) universe 

embraces a form of acceleration (volumetric) as a long term proposition.    

In 1998 a group of astrophysics, Saul Perlmutter, Brian Schmidt and Adam

Riess, undertook to investigate type 1a supernova data to determine how fast the

universe was slowing.  The study was based upon the proposition that these bursts

could be used as standard candles–the exclamation of identical energies, and therefore

of equal brightness and duration.  To the surprise of the group, the intensity of the more

distant events were fainter than expected; the universe appeared to be accelerating.

 The gravitational pressure needed to trigger a supernova was derived in 1932

by the Indian physicist, Subrahmanyan Chandrasekhar, for which he later received the

Nobel prize.24  The critical energy Mlimit (approximately 1.4 solar masses) depends

upon the factor (hc/4πG).   If G diminished inversely with the scale R, the invariance

of the MG product speaks directly to the question of whether supernova events were

less energetic in the past.  If that be so, the evidence for exponential expansion is

24
A white dwarf star is kept stable by two opposing forces: 1) the electron degeneracy

pressure created by nuclear fusion in the heart of the star (making lighter elements into heavier ones)

pushing outwards from the core, and 2) gravity pulling inwards.  When a white dwarf is locked in an

orbit with a companion star, it sucks off matter over time. This increases the gravitational pressure

until it overcomes the electron degeneracy pressure.   The amount of mass in the core has a special

significance called the Chandrasekhar Limit. When the core acquires a mass of approximately 1.4 solar

masses, the electron degeneracy pressure is overcome by the pressure of gravity acting upon the core.
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vanishes, and so also does the search for dark matter.25 The irony is that the

acceleration factor seems to be required in order to derive the correct value of G from

(1.5).  In other words, exponential cosmological expansion is the auspicate of the

declining G theory, and its corollary, the doctrine of acquired inertia. 

Minkowski expansion produces accelerating volumetric growth, and therefore

no mysterious Dark Energy is required.  We would like to have an experiment that

shows G was greater in the past.  The 1a data does this, but at the expense of

discarding radial acceleration upon which the present value of G is derived.26 

A larger gravitational acceleration requires less mass to create the same force.

Since electron degeneracy pressure is constant, less mass is required to trigger a 1a

supernova event in the early universe.  If intensity diminution is the result of less mass

rather than greater distance, the theory of accelerating universe is in trouble.   But this

apparently comes at the expense of our expansion model and having to buy back what

was sold as an analytical derivation of G based upon q = (-1).  The operative word here

is “apparently.”The idea of spatial expansion uniformly driven by the passage time is

compelling  If we are to preserve our intuited opinion that expansion is governed by

Minkowski space-time coupling through the constant ‘c,’ we will be pressed to find a

resolution. Interested readers are urged to stay tuned for Chapter III.  

EXPANDING FOUR DIMENSIONAL SPACE—A TEMPORAL INTERLUDE 

Time as a changing spatial dimension: In 4-D expanding space, reality takes

place in the three dimensions where we experience matter.  Changes in an empty 4th 

dimension (e.g.,R4) will result in curvature during rapid expansion (expanding negative

pressure creates reactionary mass-energy which can puckers flat space into a spherical

geometry.   The volume of the hyper-sphere (1/2)π2R4
4 and its area 2π2R4

2, lead to the

(2.31 and (2.32) for constant rate of expansion: 

                           dV4/dR4 = (4/2)π2R3 and  d2V4/(dR4)
2 = 6π2R2           (2.31)

                   [dV4/dR4]/2π
2R4

2 = 3/R4                                     (2.32)

25
As a side note, efforts to explain the present value of G in terms of q = ½ led to much

frustration for the author.  The discovery of Cosmological Acceleration provided a good fit to the

empirical value of G based upon standard model consensus Ho = 71. The perception of uniformly

expanding 3-D space as ’time’ can be appreciated as a consequence of a changing 4th dimensionality.

26
Because the MG product is constant, the weight of the mass required to overcome the

degeneracy pressure is the same at all eras.  When the weight overcomes the electron degeneracy

pressure, the white dwarf star collapses with a violent luminous display.   Since the electron

degeneracy pressure does not change with time, the MG pressure required to trigger a supernova event

will also be invariant irrespective of the individual contributions of G and M.  A robust G during an

earlier era translates to smaller M, and consequently less energetic events.  For the present value of

G, Chandrasekhar’s equation predicts 1.4 solar mass as the critical value.  
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   Let c = 1 for comparative conversion.  Then c2 also equals l, and 3/R

corresponds to the temporal form 3c2/R, which is recognized as volumetric acceleration

divergence per unit area for an exponentially expanding three sphere per (1.6a).27  In

Appendix III, the spatial Bulk Modulus (2.9) was identified with cosmic curvature a la

the excess radius calculated from General Relativity, specifically MuG = (3c2)δR. 

Therefore δR = R/3.        

In summary, expansion creates reactionary matter and reactionary matter creates

spatial curvature per Einstein.  However, it is the acceleration field acting upon the

matter created by expansion that causes the inertial reactionary force which brings about

the spatial curvature.  The process is joint, without the operative action of the spatial

acceleration field, there is no mechanism for creating spatial curvature.  Assuming the 

4-sphere spatial geometry is adapted per (1.4) with an appropriate radius (2/3)R, then

for constant expansion: 

                                                                               (2.33)A
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Uniform expansion of 4-D space thus leads to the same value of volumetric acceleration

as accelerating radial expansion in a 3-D universe.  But to arrive at the correct value for

G, the 4th space cannot participate in the curvature, i.e., it must be devoid of mass. This

would seem to fit the description of what we call “time.”   

Figure 4B: The perception of our 3-D

universe embedded in an expanding four

dimensional space.  Can the occupants of

the 3-D surface distinguish 4-D

expansion from temporal change? 3-D

curve-landers cannot travel inward

toward the interior nor outward to

escape just as humans cannot travel

backward or forward in time. 

Measurements made from any location

such as the Milky Way, give no clue as to

curvature in higher dimensions.  All that

is known about the expansion of our 3-D

space is that it is coupled to the next

higher dimension by the constant c.  

27
For a circular area of radius r expanding at ‘c’ the divergence acceleration of the area per

unit of circumference is 2πc2/2πr = c2/r, for a sphere of radius r expanding at ‘c’ the volumetric

acceleration per unit of area is 2c2/r and for a hypersphere of radius r expanding at ‘c’ the volumetric

acceleration per unit area is 3c2/R 
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