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PART IV: COSMOLOGY 

BACK TO THE STARS 
 
 
 
 
The universeõs large-scale structure and function 
 

¶ Cosmic power cycles 

¶ Intergalactic redshift and the Cosmic Microwave Background 

¶ Olbersõ Paradox 

¶ Universal equilibrium 

¶ Galactic dynamics 

¶ The galactic core 

¶ Dark matter 

¶ Matter and antimatter 
 
 
 
 
 

At the last dim horizon, we search among ghostly errors of 
observations for landmarks that are scarcely more substantial. 
The search will continue.  The urge is older than history. 
It is not satisfied and it will not be oppressed. 

 
Edwin Hubble, 1889-1953  
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Figure (IV) COBE microwave sky map, circa 1992 
(Courtesy NASA/WMAP Science Team) 
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Prerequisite Concepts for Part IV 
 
 
 
 
The following pivotal concepts are carried forward from Parts I, II, and III: 
 

ü The universe sums to zero and is therefore a distributed form of zero - the Null 
Axiom. 

 

ü The universe is limitless in order to express the full extent of nothingness. 
 

ü The universe has no net change because nothingness cannot change; it is frozen in 
ultrastasis on the largest scale. 

 

ü In accordance with the Maxfield concept, if a particleõs total energy exceeds its rest 
mass it can escape from a black hole. 

 

ü Black holes are not completely black; their luminosity is defined by their temperature 
and surface potential.  Lightõs energy is not affected by gravitational potential.  
Gravitational potential reduces the rest mass of elementary particles, which in turn 
emit light of lower energy. 

 

ü Photons, elementary particles and neutrinos are real objects with discrete spatial 
volume and finite energy density distributed over said volume. 
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14. PHYSICAL NULL COSMOLOGY 
 
 
 
 
Our investigation has now come full circle.  The Null Axiom forms the basis for an infinite 
universe full of space and energy.  Its associated geometry provides the quantization of light 
and matter and the four universal forces of nature.  Letõs now return to the stars to learn 
how the universeõs structure operates on the intergalactic scale.  Like many of the other 
discoveries presented in Null Physics, it is truly remarkable - an eternal dance of energy and 
matter. 
 

14.1 THE OBSERVED UNIVERSE 

 
Our analysis begins with a quick review of the known characteristics of the observable 
universe.  The Cosmological Principle will be assumed in this assessment.  Its premise is that 
our local cosmic neighborhood out to a few billion light years is an accurate portrayal of the 
nature of the universe everywhere.  Anything more distant than this may appear different to 
our instruments, but this is only because of the signal distortion caused by such phenomenal 
range.  The Big Bang requires an evolving universe, so cosmologists have used laborious 
statistical analysis on the blurry images of distant galaxies to try to demonstrate universal 
evolution in terms of star formation rate, galactic merger rate, and variation in galactic type 
abundance.  This is a misguided venture, as there is currently no way of knowing how to 
properly correct these images for distance-related losses.  Crossing deep space has a 
devastating effect on an optical signalõs content, as derived in Appendix M.  A striking 
example of this loss is provided in Figure (14.1) below.  It contains Hubble images of 
portions of three galactic clusters, shown left to right at increasing range from Earth, in units 
of Mly (million light years).  A Hubble constant of 60 Hz-km/Mpc is assumed. 
 

 
Figure (14.1) HCG87 (~480 Mly), Abell 2218 (~2600 Mly), Abell 2125 (~4000 Mly) 

(Courtesy NASA/Hubble Heritage Project) 
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Even with the Hubble telescope, whose resolution at ~0.1 arc second is typically 10 times 
that of the best ground-based instruments, galaxies lose most of their detail beyond a range 
of about 2 billion light years.  This is the result of signal degradation and observational 
limitations - it is not caused by a maturing universe.  Deep-space galactic redshift surveys, as 
shown below in Figure (14.2), reveal the universeõs uniform large-scale material 
distribution.  The universe does not evolve - it is ultrastatic. 
 

MATTER 

GENERAL  

 
Stars are the building blocks of galaxies, which are the building blocks of groups, which form 
clusters, which ultimately form superclusters of tens of thousands of galaxies.  So-called rich 
superclusters also contain vast amounts of hydrogen, and galaxies represent only ~20% of 
their total mass.  Cosmic structure does not end with superclusters, however.  They form 
the skeleton of a gigantic foam-like construct with interconnected voids notably empty of 
galaxies or other material.  These cells are about 100 Mly in diameter and have diaphanous 
walls composed of superclusters, filaments of galaxies, and galactic clusters: 

 

 
Figure (14.2) A tiny fraction of the universeõs innumerable galaxies - the 2dF galactic redshift survey 

(Courtesy 2dF GRS Team, shown previously as Figure (1.2)) 

 
There appears to be no level of structure beyond this, as the universeõs material distribution 
becomes progressively more uniform with scale.à8.1ð  If space were sectioned into a population 
of equally sized cubes, the standard deviation of their masses would be inversely 
proportional to their volume.à8.2ð 
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The average density of luminous material in space is ~10-28 kg/m3, and is composed of 
about ~70% hydrogen, ~25% helium, and ~5% various other elements.à1.1ð  Gravitational 
interactions between galaxies suggest the existence of a large fraction of nonluminous 
material, so the total density of luminous and nonluminous matter might be as high as 

~5(10)-27 kg/m3.  This represents a contribution to universal energy density, rU, of as much 
as ~4.5(10)-10 J/m3.  Plasma is the most prevalent state of the universeõs visible matter, 
which is not surprising since nuclear fusion is the primary source of celestial luminosity. 
 

STARS 

 
Stars vary from faint red dwarfs to super-massive blue-white giants.  Our sun is a yellow 
dwarf near the midpoint of this range.  Its output in the visible band is 3.8(10)26 watts.à1.20ð  
This is often used as a unit for the luminosity of other celestial objects, to include galaxies, 
and will be symbolized Lsun.  Similarly, our sunõs mass, at 2(10)

30 kg, is denoted as Msun and is 
the astrophysical standard for this parameter.  Stellar luminosity varies over ten orders of 

magnitude {5(10)-4 Lsun - 6(10)6 Lsun}, while the range of a starõs mass is more constrained at 

four orders of magnitude, {0.08 Msun - 150 Msun}.
à6.4ð 

 
A starõs lifespan depends on its luminosity.  Supergiants last for only a few million years, 
while a star like our sun will burn for over ten billion years.  Extreme longevity belongs to 
red dwarfs, whose dim glow continues for tens if not hundreds of billions of years.  Stars 
whose mass is ~4 Msun or greater end their lives in violent explosions, leaving behind hot 
white dwarfs, neutron stars, or, in the case of the most massive stars, black holes.à6.25ð  These 
remnants are typically surrounded by a nebula of expanding debris. 
 

GALAXIES  

 
There are four basic types of galaxies: spiral, like our own Milky Way; elliptical; lenticular; 
and irregular.  Galaxies are identified not only by their morphology but also by the stellar 
populations they contain.  Lenticular galaxies have a structure intermediate between spirals 
and ellipticals, and irregulars have generally distorted shapes.  Elliptical galaxies tend to 
contain a uniform distribution of older, cooler stars, whereas irregular and spiral galaxies 
have a small fraction of young hot stars responsible for most of their luminosity.  The size of 

spiral galaxies varies over three orders of magnitude {109 Msun - 1012 Msun}.  Elliptical 

galaxies have a wider range of size at six orders of magnitude, {107 Msun - 1013 Msun}.  The 
galactic population of rich clusters is dominated by ellipticals and lenticulars, but as a 
universal average, spirals and lenticulars are the most common isolated galaxies, called field 
galaxies, and are scattered at random within the foam-like material distribution of deep 
space. 
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INTERGALACTIC MATERI AL  

 
Intergalactic material, referred to as IGM, is the matter dispersed in the space between 
galaxies.  It is generally dark and thin, but will periodically contain isolated stars presumably 
ejected from their parent galaxy by collisions with other galaxies or some other violent 
process.  The IGMõs average material density amounts to at most a few particles per cubic 
meter, existing at a purity of vacuum not currently possible to duplicate on Earth. 
 

The IGMõs energy content is defined by the CMBõs 2.7 K̄ temperature.  It is so cold and 
thin it has virtually no energy, far less than even the radio wave background of space.  The 
average kinetic energy of a particle in deep space is derived in Appendix P as: 
 

 

 

(14.1) 

At an average density of ~3 particles per cubic meter, this amounts to an energy density of 
1.7(10)-22 J/m3, about 250 million times less than the CMB. 
 

ELECTROMAGNETIC ENERGY 

GENERAL  

 
Signals from distant objects in all bandwidths in all directions have redshifts roughly 
proportional to their distance from Earth.  This is known as intergalactic redshift, and the ratio 
between redshift and distance is the Hubble constant, H0:

à7.1ð 
 

 

 

(14.2) 

where redshift is quantified by the factor z: 
 

 

 

(14.3) 
 

A z of unity corresponds to a photon with twice its original wavelength and half its original 
energy.  This represents a distance on the order of 10 Gly (ten billion light years). 
 
The universeõs electromagnetic energy can be globally characterized in terms of two 
densities: luminous and luminosity.  Luminous density is the amount of light energy per unit 
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volume.  It has units of energy/distance3 (J/m3).  Luminosity density is light energy output 
per unit volume, with units of power/distance3 (W/m3).  The three most significant 
spectral backgrounds of deep space, in order of increasing energy density and decreasing 
photon energy, are: 
 

¶ Integrated starlight 
 

¶ Infrared background 
 

¶ CMB (Cosmic Microwave Background) 
 

These are by far the most energetic backgrounds.  By comparison, space contains only trace 
amounts of radio waves and gamma radiation.  The radio band, for example, has about a 
millionth of the CMBõs energy density.  The peak of luminous energy density lies in the central 
portion of the electromagnetic spectrum, the CMB.  This decreases in the infrared, 
attenuating still further in the visible band. 
 

INTEGRATED STARLIGHT  

 
The majority of the light in space originates from a small fraction of hot young stars.  This is 
balanced by the diffuse light produced by the rest of the universeõs stars, which are generally 
cooler and far more numerous.  The combined luminous output of all stars is referred to as 

integrated starlight.  It has a spectrum similar to a 10,000 K̄ blackbody because its source is 
the averaged output of the universeõs hot luminous objects.  Our sun, by comparison, has a 

surface temperature of ~6,000 K̄. 
 

INFRARED BACKGROUND  

 
The infrared spectrum, to include near and far infrared, encompasses all electromagnetic 
radiation in the range [8ð1000 mm].  This represents a significantly broader wavelength scale 
than either the visible band [290ð800 nm] or the CMB [0.3ð10 mm], and overlaps the 
CMBõs high-energy region.  The universeõs infrared density is about 30% of the CMB, an 
order of magnitude greater than integrated starlight.à2.1ð 
 

CMB 

 

As viewed by the COBE and WMAP satellites, the CMB conforms to an ideal 2.724 K̄ 
blackbody spectrum to the accuracy with which it can be measured.  Its intensity, however, 
is not perfectly uniform.  It is marked by slight temperature fluctuations on the order of 18 
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° 1.6 mK.  It also has a dipole anisotropy (opposing redshift-blueshift) due to Earthõs motion 
through it at 370 km/s:à36ð 

 
Figure (14.3) WMAP with Earthõs motion 

(Courtesy NASA/WMAP Science Team, shown previously as Figure (1.1)) 

 
The CMBõs spectral appearance has the following form: 
 

 
Figure (14.4) CMB energy density as a function of wavelength, T = 2.724 ̄K 

 
Its photon number density is given by the blackbody expression:à8.3ð 
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or 410 million photons/m3.  This is the highest photon population, by far, of any universal 
background radiation.  Blackbody energy density is related to temperature by: 
 

 

 

(14.5) 

where s is the Stefan-Boltzmann constant.  At 4.2(10)-14 J/m3, the CMB has significantly 
more energy per cubic meter than any other bandwidth in space.  Energy density and 
photon number density are the only blackbody parameters used in the development of Null 
Cosmology, but for more information about blackbody spectra please see Appendix L. 
 

14.2 UNIVERSAL PARAMETERS 

 
Unit hypervolume is the only finite universal constant; it has the same value everywhere 
across infinite space.  Universal parameters are averages.  They vary from location to location 
but have a single universal value.  Whereas particle, nuclear, and atomic physics are 
described in terms of unit hypervolume, physical cosmology is the relationship among 
universal parameters.  Those most relevant to our analysis can be found in Appendix C, 
duplicated here: 
 

Universal Parameters 
Name Value Units Error(%) 

H0 Hubble Constant 60 Hz-km/Mpc 50
à1.2ð 

H0 Hubble Constant 1.95(10)ð18 Hz 50
à1.2ð 

rU Universal Energy Density 4.0(10)ð10 J/m3 40(Chapter 15) 

rM Universal Mass Density 4.5(10)ð27 kg/m3 40(Chapter 15) 

jB Optical Luminosity Density 1.4(10)ð33 W/m3 80
à1.12ð 

jI Infrared Luminosity Density 0.7(10)ð33 W/m3 80
à1.13ð 

jn Neutrino Luminosity Density <5.6(10)ð35 W/m3 80(4% of optical) à2.3ð 

jR Total Luminosity Density 2.1(10)ð33 W/m3 80
à1.12ðà1.13ð 

rgg Gamma/Xray Energy Density 1.5(10)ð17 J/m3 80
à2.1ð 

rBg Optical Energy Density 1.6(10)ð15 J/m3 80
à2.1ð 

rIg Infrared Energy Density 1.6(10)ð14 J/m3 80
à2.1ð 

rCMB CMB Energy Density 4.165(10)ð14 J/m3 0.05
à2.2ð 

rKg Radio Wave Energy Density 1.6(10)ð20 J/m3 80
à2.1ð 

rn Neutrino Energy Density <6.4(10)ð17 J/m3 80(4% of optical) à2.3ð 

rR Total Radiant Density 5.9(10)ð14 J/m3 5
à2.1ðà2.2ð 

 

Table (C.1) Universal Parameters 
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Luminous densities (r) are the amount of light energy in space, while luminosity densities (j) 
measure the universeõs fusion power output.  The term optical denotes wavelengths between 
ultraviolet and infrared, and is often called the integrated starlight.  It is also referred to as 
the blue band, hence the B subscripts on the optical parameters.  The error (%) is the same 
for several of the values in Table (C.1) because many are derived from the Hubble constant 
and are equally sensitive to its accuracy.  Unlike universal constants, universal parameters 
are generally of low resolution, and Table (C.1)õs error margins are conservative.  Most 
cosmological data is by necessity of a statistical nature, and the CMB provides the only 
information with any significant amount of accuracy.  The upper limit of universal neutrino 
luminosity is estimated at 4% of optical, based on our sunõs neutrino/optical luminosity 
ratio.  This fraction varies with star type, so the universeõs neutrino luminosity density 
should be considered a rough estimate.  Neutrino energy density is derived in Appendix N, 
using concepts developed in Chapter 15. 
 
Our goal is not to calculate the universeõs lithium abundance.  It is to deduce, from the 
available incontrovertible data, how the infinite machine of reality actually works on a 
cosmically local scale.  With this in mind, please note the units for the first Hubble constant 
in Table (C.1).  It is normally listed as km/s/Mpc, owing to its erroneous association with 
the recession velocities of an expanding universe.  Since the universe is not expanding, the 
Hubble constant will be listed in units of Hz-km/Mpc instead.  The numerical value remains 
the same but the physical significance is more accurate.  This constant is also listed in Hz as is 
more appropriate for some of the applications to follow. 
 

14.3 NULL COSMOLOGICAL MODEL 
 

The null model of the universe is a flat, rectilinear volume, infinite in three spatial 
dimensions with an infinite history of ultrastasis.  It has a finite, universally average energy 
density that creates a universally average internal curvature.  Since its material distribution is 
limitless, Mach and Einsteinõs Cosmological Principle applies throughout.  Any large sample 
of the universe looks essentially the same and has the same physics.  With the sole exception 
of the cosmic parity between matter and antimatter, the composition of the distant universe 
is indistinguishable from the local universe, regardless of the magnitude of the distance.  Any 
astronomical data that allegedly demonstrates universal evolution is a misinterpretation of 
the signal distortion caused by cosmic distances.  The universe is not evolving or expanding; its 
global properties are fixed. 
 
A static universe is certainly not a new idea, and it persisted for some time after the 
discovery of intergalactic redshift.  Edwin Hubble was never convinced the effect he found 
had anything to do with universal expansion.  In 1929, Fritz Zwicky postulated that the 
observed redshift was due to the gradual loss of a photonõs energy over astronomically long 
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distances, an idea referred to as tired light.à8.4ð  Zwicky was entirely correct, but lacked the 
null principles needed to explain the universeõs presence and the underlying cause of the 
redshift effect.  So while concepts of infinite, eternal, and quiescent universes have surfaced 
throughout cosmologyõs history, no published worldview shares Null Physicsõ basic premise. 
 

COSMOSTASIS 

 
Universal variation ceases at totality, and this in turn defines the equilibrium requirements 
of the material of which the omnipattern is composed.  The interaction between ultrastasis 
and finite cosmological environments takes the form of the three laws of cosmostasis: 
 

Y THEOREM 14.1 - THREE LAWS OF COSMOSTASIS {Y4.2} 

1. ALL ENERGY FORMS ARE RECYCLABLE, RENEWABLE, AND PART OF AN ETERNAL 
COSMIC ENERGY CYCLE; THE SUM OF ALL SUCH CYCLES IS THE COSMIC ENGINE 

 

2. THE UNIVERSAL DENSITIES OF MATTER, ELECTROMAGNETIC ENERGY, AND 
LUMINOSITY ARE THE DIRECT RESULT OF UNIVERSAL EQUILIBRIUM, INFINITE 
IN BOTH TIME AND SPACE 

 

3. THE AMOUNT OF ENERGY FLOWING THROUGH ANY STEP OF A GIVEN 
COSMIC ENERGY CYCLE IS THE SAME AS ANY OTHER STEP 

 
The reasoning behind each law is as follows. 
 

1. Recyclable and renewable.  If an inescapable cul-de-sac existed for energy, such as a 
gravitational òsingularityó, energy would flow into this dead end and its universal 
number density would grow and eventually stop at some final value, with all energy 
trapped in a single form.  The universe can be in a stable equilibrium if and only if 
each and every energy form within it maintains a constant universal population.  This 
requires cosmic mechanisms that create and destroy all energy forms at equal rates. 

 
2. Energy, mass, and luminosity density.  Density represents an equilibrium fulcrum 

between creation and destruction for any given energy form.  When a process 
converting one form of energy into another reaches equilibrium, it does so because 
the densities of the fuel and products have reached levels where the rate of conversion 
is equal for both. 

 
3. Uniform energy flow.  In an equilibrium system, the density of each form of energy 

in the cycle remains constant.  This means the amount of energy moving from one 
step to the next is the same between any two steps.  So even though the total amount of 
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energy in each step in the cycle may be drastically different, the amount of energy 
transferred per unit time between the steps is the same for all steps. 

 
These laws presume the inherent symmetry of cosmic energy cycles.  Unless a cycle is 
specifically identified as matter-antimatter, it represents the same cycle for both forms of 
matter.  The fusion cycle of hydrogen, for instance, also encompasses the fusion cycle of 
antihydrogen. 
 

ETERNAL EQUILIBRIUM, BRIEF REVIEW OF THE OPPOSITION 

 
One argument frequently used against an infinitely old, quiescent universe is gravitational 
instability.à8.6ð  Its premise is that matterõs natural tendency to aggregate under gravitational 
attraction would cause irreversible clumping throughout space, inevitably leading to a 
desolate expanse populated with nothing but gravitational singularities.  This is an erroneous 
interpretation for two reasons: 
 

¶ Black holes are not the irreversible end-states of matter they are currently thought 
to be. 

 

¶ Gravitation is not the only long-range universal force that controls matterõs cosmic 
distribution. 

 
As will become apparent in our derivation of galaxiesõ function in the cosmic engine, 
electromagnetic forces play a large role, if not larger than gravitation, in the flow of our 
universeõs material. 
 
Another concept commonly cited against a universe in eternal equilibrium is the second law 
of thermodynamics: The total entropy of any isolated thermodynamic system tends to increase over 
time, approaching a maximum value.  Here entropy is defined as a measure of the unavailable 
energy in a closed system.  This is used to justify the idea that the universe will grow old and 
eventually wither away, but is far more applicable to a steam engine than ultrastasis.  The 
universe is infinitely old - it already exists in a state of maximum entropy! 
 

14.4 COSMIC ENERGY CYCLES 

 
The universeõs material is composed of electrons (electrons or positrons) and protons (protons 
or antiprotons).  Electrons are ancillary to cosmostasis, as they constitute only 0.05% of the 
universeõs material content.  Cosmic energy cycles will therefore be defined in terms of 
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protons.  These exist in one of two states, either free as hydrogen, or bound into collections 
such as helium, carbon, and the rest of the elements.  Cosmic equilibrium dictates a constant 
rate of creation and destruction for both of these proton configurations, so there are two 
universal energy cycles - the fusion cycle and the annihilation cycle: 
 

Y THEOREM 14.2 - UNIVERSAL ENERGY CYCLES {Y14.1} 

THERE ARE TWO UNIVERSAL ENERGY CYCLES: 
(A) FUSION CYCLE: BOUND COLLECTIONS OF PROTONS 
(B) ANNIHILATION CYCLE: FREE PROTONS 

 
Although annihilation and fusion exist in any high-energy environment, such as the 
interaction between cosmic rays and interstellar material, the cycles noted above represent 
the large-scale processes responsible for the genesis and overall density of the majority of the 
universeõs material.  Atomic nuclei containing more than one proton will be referred to as 
compound nuclei. 
 

14.5 FUSION CYCLE 

 
The fusion cycle is the balance between hydrogen and compound nuclei.  Our telescopes 
and space probes have revealed the leading players on the celestial stage, so this cycleõs 
rough outline is already available: 
 

(hydrogen fuses)  (compound nuclei, light)  

 (light loses energy by intergalactic redshift, scattering, absorption) ? 

(CMB) ? (nuclear dissolution occurs to produce hydrogen) ? 
 
The majority of the luminous energy released by this cycle is from hydrogen fusion, but 
there is also a small contribution from the fusion of helium and heavier nuclei.  The universe 
is full of galaxies that are in turn composed of stars.  They burn hydrogen to produce 
helium, heavier elements, and light.  Fusion is responsible for the universal optical and 
infrared luminosity densities.  The light released by fusion loses its energy through the 
intergalactic redshift, scattering, and absorption. 
 
Current measurements indicate that photons lose about half of their energy after a journey 
of ten billion light years through deep space.  This means every ten billion years, half of the 
universeõs entire luminous output is lost to redshift.  Where does all of this energy go?  The energy 
is lost in intergalactic space.  The only known energy radiating from deep space is the CMB.  
Since the CMB is essentially a source of energy emanating from everywhere in deep space it 
is reasonable to think that it is the direct or indirect by-product of intergalactic redshift.  



14. PHYSICAL NULL COSMOLOGY  

 

 

16 

This is why it is included in the above sequence.  The CMB carries energy until such time as 
it can be used to break down the elements that fusion forms in order to release hydrogen 
and complete the cosmic process.  This is the fusion cycle. 
 
Stars have been burning hydrogen forever and require an endless, renewable supply.  The 
amount of energy in the universe does not change over time, so the only possible source of 
new hydrogen fuel is the nuclei formed during fusion.  All forms of matter are recyclable - the 
first law of cosmostasis.  This requires reversibility in any formative process.  The energy in 
the light released by the fusion of protons must eventually be used to break them apart. 
 
The overwhelming majority of the universeõs power output is fusion, predominantly 
hydrogen fusion.  The fusion of helium into carbon, for instance, only produces about 4% as 
much energy per unit mass as hydrogen fusion.  A great deal of energy is released by 
supernovae, but this is negligible compared to the power generated by main sequence stars 
over the course of their enormous lifespans.  In general, the fusion cycle will refer to all 
types of fusion, but hydrogen fusion is the first step.  Without it there is no helium or 
carbon fusion: 
 

Y THEOREM 14.3 - FUSION CYCLE FUEL {Y14.1} 

HYDROGEN IS THE FUEL FOR THE FUSION CYCLE 
 
Hydrogen fusion drives the universeõs primary energy transfer and will be defined as the 

fusion cycleõs beginning point.  The mass fraction of hydrogen fusion, e, is 0.0073.  This is 

the fraction of mass converted into energy when helium is formed.  The term eU will be used 
to denote the energy-averaged mass fraction of all fusion reactions in the universe, from the 
controlled, slow burning of hydrogen to the catastrophic formation of carbon and iron in 
supernovae.  Since hydrogen fusion produces the lionõs share of the cosmic engineõs output, 

eU is close to e.  This approximation is more than sufficiently accurate for our calculations in 
Part IV, given the limited resolution available in the known universal parameters. 
 
§ DEFINITION 14.1 - UNIVERSAL MASS FRACTION 

THE UNIVERSALLY AVERAGED MASS FRACTION OF ALL FORMS OF FUSION IS eU º e 
 
The fusion cycle begins with the production of compound nuclei and light.  It ends when 
these recombine and compound nuclei are converted back into hydrogen.  This cycle could 
also be termed the mass-fraction cycle or the binding energy cycle because its two functions are 
to bind protons, converting part of their mass into light energy, and then use the energy 
originally released as light to disassociate nuclei back into individual protons, thereby 
replacing their lost mass and creating an endless source of hydrogen. 
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FUSION CYCLE PRODUCTS AND PATHS 

 
The fusion cycle burns hydrogen fuel, leaving two by-products: 
 

Y THEOREM 14.4 - FUSION CYCLE PRODUCTS {Y14.1} 
THE FUSION CYCLEõS PRODUCTS ARE: 

(A) LUMINOUS ENERGY 
(B) COMPOUND NUCLEI 

 
As is often the case in an equilibrium system, energy flows through a number of 
intermediate stages.  Most of the nuclei the fusion cycle creates are stable and basically on 
standby until its original luminous output can be captured to blast them apart into hydrogen.  
The key to understanding the entire process is finding the mechanisms responsible for 
routing the compound nuclei and luminous energy produced by fusion to the nuclear 
disassociation that releases the hydrogen needed to perpetuate the fusion cycle. 
 
Compound nuclei have one of two destinies.  In smaller stars they generally remain in the 
stellar interior where they were formed.  The star eventually burns out and leaves a cold 
stellar remnant.  In more massive stars, compound nuclei are scattered throughout the 
galactic disk by ejections and supernovae explosions, creating even heavier nuclei in the 
process.  In general, compound nuclei remain in the galaxies where they were formed. 
 
Luminous energy, on the other hand, is released into space and propagates away from the 
site of fusion at the velocity of light.  During the course of its life, the energy an average star 
emits travels billions of light years away from its source.  Thus the fusion cycle splits into 
two paths.  Compound nuclei take one path and light another.  The end of this cycle occurs 
when they are recombined to liberate hydrogen.  Fusionõs products are too disparate to 
follow the same path through the cosmic engine: 
 

Y THEOREM 14.5 - FUSION CYCLE PATHS {Y14.1} 
THE FUSION CYCLE DIVERGES INTO TWO PATHS: 

(A) COSMIC LUMINOUS PATH (LUMINOUS ENERGY) 
(B) COSMIC PROTON PATH (COMPOUND NUCLEI) 

 
These paths separate at fusion and rejoin at the site of nuclear disassociation.  The fusion 
cycle is the universeõs largest energy flow and the cosmic distribution of matter is optimized 
to carry this energy.  It is the reason galaxies are the way they are. 
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14.6 ANNIHILATION CYCLE 

 
The annihilation cycle is the balance between matter and light itself: 
 

(matter, antimatter)  (gamma radiation)  (intergalactic red shift, absorption) ?  

(high-energy environment) ? (matter, antimatter) 
 
It is not clear whether or not the gamma background radiation seen in space can be directly 
linked to the cosmic annihilation cycle.  Nor is it even apparent that this cycle moves energy 
on an astronomical scale.  Matter and antimatter might be utterly isolated from each other at 
the level of partial omnielements.  Antimatter certainly doesnõt survive very long in a 
neighborhood composed of matter, even one as thin as intergalactic space.  That said, the 
Null Axiom requires a universe of half matter, half antimatter.  Regardless of how 
effectively these might be separated from each other, there will be a certain amount of 
annihilation, and particles will be lost to radiant energy.  An ultrastatic universe makes it 
necessary to replace these particles. 
 
The general instability of matter and antimatter in close proximity necessitates the existence 
of containment units large enough so that their ratio of surface area to volume is consistent 
with either the background gamma flux or the material density of space or both.  Since the 
observed gamma flux is nearly ten orders of magnitude less than fusionõs optical flux and 
since much (if not all) of these gamma rays originate in processes other than cosmic 
annihilation, the annihilation cycle is far slower and carries quite a bit less energy than the 
fusion cycle.  Annihilation produces about 140 times more energy than fusion.  Even a 
moderate amount of interaction between matter and antimatter leaves an unmistakable 
signature. 
 
Unlike fusion, matter-antimatter annihilation only has one product: energy.  Like fusion, it 
still requires a path for energy and a path for matter.  The only difference is the paths never 
rejoin per se and therefore are not as intimately related as the fusion paths.  Matter and 
antimatter annihilate to produce energy.  This is eventually absorbed to produce particles 
that in due course annihilate.  The energy released in the annihilation cycle is pure gamma 
radiation.  It isnõt carried by some other entity and has no recurring connection to the 
particles it ultimately creates.  Annihilation is a cycle in terms of creation and destruction, 
but there is no underlying energy buffer.  Fusion, by comparison, doesnõt create or destroy 
elementary particles, so the protons circulating in its cycle provide an enduring and 
immutable foundation.  This creates a sharply defined, contiguous loop that is not available 
to the annihilation cycle. 
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There are a number of different gamma ray sources in the heavens, but few are at 
annihilation energy (940 MEV for protons).  Gamma ray bursts typically have energies in the 
0.001 to 100 MEV range.à6.2ð  If this is evidence of the cosmic annihilation cycle, they 
originate from distances so great that they have been redshifted by a factor of at least z = 10. 
 

14.7 THE FOCUS IS FUSION 

 
Fusion accounts for nearly all of the universeõs energy flow, so the remainder of Part IV will 
focus on a detailed description of the paths that energy and protons follow to complete this 
cycle.  For more information about the annihilation cycle and the universeõs large-scale 
antimatter distribution, please refer to Appendix K. 
 

14.8 GENERAL CONCLUSIONS 

 
As an introductory chapter conclusions are few, but the stage is set: 
 

× There are two universal energy cycles, fusion and annihilation, and fusion is by far 
the more dominant. 

 

× A cosmic mechanism has to exist that combines the energy and compound nuclei 
produced by fusion in order to provide an eternal source of hydrogen. 

 

× The universal rate of fusionõs hydrogen consumption is equal to the universal rate of 
its production by nuclear disassociation. 

 

× The universal density of luminous energy and matter is a product of an infinitely old 
equilibrium system. 

 
Our goal is to identify and quantify all of the steps in the universeõs dominant energy cycle, 
fusion.  Ultimately, this will lead to a detailed description of the role galaxies play as 
components of the universeõs thunderous cosmic engine.  Form follows function, but as Part 
IV unfolds it will become clear that function also provides a great deal of insight about form. 
 
The journey begins with the universeõs most spectacular energy loss: intergalactic redshift. 
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15. COSMIC LUMINOUS PATH 
 
 
 

15.1 INTERGALACTIC REDSHIFT 

 
Intergalactic redshift is caused by the gradual loss of light energy over great distances, similar 
to the tired light concept Fritz Zwicky originally postulated.  This is why the effect is linear 
with distance.  The farther the source, the more energy is lost, and the greater the redshift.  
This is also why the structure of the universe looks so uniform; the only real motions in the 
heavens are the peculiar motions generated by differences in mass distributions.  These tend 
to be no more than a few hundred km/s, not the significant fractions of c required by 
universal expansion. 
 
The concept of tired light has never had much success in modern cosmology because it fails 
(at least in its original form) to explain why distant signals are stretched as well as redshifted.  
Supernovae provide the prima facie case for this.  Their intensity/duration curves tend to 
broaden proportionately with distance.  An event at a distance corresponding to (z = 1) has, 
on average, twice the duration of a local explosion.  If photons are just losing energy by 
crossing space, why are they also being dispersed along their path?  Efforts to resolve tired 
lightõs dispersion problem have proven ineffectual and it has been thoroughly trumped by 
the drama of the Big Bang, pushing cosmology away from the elegant truth Zwicky 
recognized. 
 
Although Zwicky had the intuition to realize light was losing energy, he lacked the Null 
Axiom, thereby relegating tired light to just another untestable premise.  Our approach 
suffers no such limitations.  It expands the concept significantly beyond Zwickyõs original 
idea, resolves the signal dispersion issues, and is buoyed by the fact that it is the only possible 
explanation for the effect.  No changes can occur to the universe as a whole.  It doesnõt 
expand, it doesnõt contract, and it wonõt grow old and die.  If light acquires a spectral 
change after crossing billions of light years of deep space, this is the full extent of the 
phenomenon.  It is not a commentary on the dynamics of reality. 
 
Intergalactic redshift has some surprising ramifications that provide the basis for other global 
phenomena, including the material density of the universe, the CMB field, and dark matter.  
Even Zwicky would probably have been surprised to learn just how important this process 
is. 
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So why does light lose energy when traveling across broad gulfs of space?  Why indeed.  This 
phenomenon has some truly curious properties. 
 

ANCIENT LIGHT 

 
Intergalactic redshift is caused by photonsõ gradual loss of energy over immense distances.  
Cosmic equilibrium leaves no other alternative.  It is a given and is just as certain as the 
conservation of energy it obeys.  But what causes it? 
 
Its characteristics are: 
 

a) Proportional to distance for cosmically short distances.  If light travels twice as far, it 
loses twice the energy. 

 
b) Proportional to photon energy.  Visible light and radio waves from the same source 

lose the same fraction of their energy. 
 

c) No associated scattering.  Light reaching us from distant spiral galaxies preserves 
exquisite details of their disksõ structure. 

 
d) Long-range and weak, requiring ~10 Gly to cause a 50% energy loss. 

 
e) Uniform broadening.  The duration of a transient signal grows in direct proportion to 

the increased wavelength of the individual redshifted photons within it. 
 

f) No refractive frequency dispersion, as is typical of an interaction between light and 
matter.  An ancient pulseõs red component arrives at the same time as its blue 
component, although the pulse itself is broadened in accordance with e) above. 

 
One of intergalactic redshiftõs more intriguing aspects is that light loses energy without any 
observable scattering.  If it were caused by a photon-photon or photon-particle interaction, 
every incremental energy loss would have a corresponding change in direction.  Scattering 
related to a 5% loss is enough to make celestial images unrecognizable, yet our instruments 
show galaxies in pristine detail even at energy reductions greater than 10%.  Also, scattering 
is generally not linear with incident energy.  It is rarely a situation where energy loss is 
proportional to the incident energy.  Furthermore, scattering requires a change of direction in 
order to conserve momentum.  Preservation of directional integrity with an energy loss 
proportional to energy has no precedent in known physical interactions. 
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Intergalactic redshiftõs other (even more enigmatic) property is its signal dispersion in the 
absence of refractive dispersion.  Not only do photons attain longer wavelengths, the spatial 
separation between them increases with distance traveled irrespective of their individual 
frequency.  The greater an objectõs range, the greater the duration of its transient signals, and 
all frequencies from some remote source experience a comparable amount of broadening.  This means 
there is far more to this effect than just the energy loss of individual photons.  Moreover, the 
lack of refractive dispersion indicates that intergalactic redshift is not caused by an interaction 
between photons and matter. 
 
Our premise is that intergalactic redshift arises from a known entity, because the 
Cosmological Principle tells us intergalactic space is similar to, albeit more sparse than, local 
space.  The only things found in deep space are: 
 

¶ Space. 
 

¶ A weak gravitational field. 
 

¶ Trace amounts of matter, the equivalent of ~3 hydrogen atoms/meter3. 
 

¶ The CMB field. 
 

¶ Photons of various energies in addition to the CMB. 
 

¶ Neutrinos. 
 
The dispersion (broadening) found in deep-space signals is the pivotal consideration for 
evaluating this list.  Ancient photons do not lose energy as a result of collisions with 
particles, other photons, or other entities in deep space.  Collisions would only cause the loss of 
energy in individual photons; they wouldnõt increase the distance between them.  This effectively 
eliminates the matter, neutrinos, and radiation in intergalactic space, leaving only space and 
a weak universal gravitational field as possible redshift agents.  Space is dimensionally 
distinct from energy and cannot interact with it, so a gravitational interaction is the only possible 
source of intergalactic redshift. 
 
The universal gravitational background is the one entity in deep space capable of inducing a 
loss of energy in ancient photons.  The only other explanation is photons are intrinsically 
unstable and spontaneously decay at a certain rate, but this is not viable because it fails to 
address signal dispersion.  Further, all interactions are causal; there is no such thing as 
òspontaneousó decay.  Any transformation photons experience must be facilitated by an 
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external agent and the only weak mechanism able to act over billions of light years of neutral space is 
gravity.  This process will be referred to as lumetic decay. 
 

Y THEOREM 15.1 - LUMETIC DECAY {Y4.2} 
INTERGALACTIC REDSHIFT IS CAUSED BY THE UNIVERSAL GRAVITATIONAL FIELD 

 
There is no viable alternative, but this phenomenonõs underlying dynamic is far from 
obvious. 
 

15.2 LUMETIC DECAY 

 
Gravitational fields produce a number of different effects on light and matterõs interaction 
with light, all of which have been well documented.  Photons appear to lose energy when 
they move out of a gravitational well; they appear to gain energy upon falling into such a 
well.  They are deflected as they pass near massive objects.  What is intriguing is no known 
gravitational effect could possibly be responsible for lumetic decay.  The photons traversing 
deep space move out of as many gravitational wells as they fall in.  There should be no net 
frequency shift.  While it is true they are also deflected around superclusters and galaxies, 
this is an elastic interaction.  Even if it were not, gravitational deflection doesnõt cause signal 
dispersion.  In short, lumetic decay is a new type of photon-gravitational interaction.  It 
occurs between deep space photons and the universal gravitational field through which they 
pass. 
 
According to the General Theory of Relativity, the universeõs energy content, composed of 
elementary particles, photons, and neutrinos, gives space an average radius of curvature of 
the form:à17.1ð 

 

 

(15.1) 

where rU is universally average energy density in units of (energy/volume), and RG will be 
called the gravitational radius of space. 
 
General Relativity relies heavily on the mathematical equivalence between free space 
acceleration and the acceleration induced by a gravitational field.  Space has no physical 
reality in this theory.  As such, Equation (15.1) represents the effect of internal spatial 
distortion, not the spatial distortion itself.  Since spaceõs net internal distortion necessarily 
sums to zero as a consequence of its overview, RG is the result of its average spatial distortion.  
Think of space as a sheet of rubber that has been unevenly stretched across a perfectly flat 
floor.  Its gravitational radius is the averaged effect of its internal nonlinearity. 
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Even though General Relativity does not address spaceõs physical geometry, it is a brilliant 
and accurate generalization of the measurement of space and time, and can be used to 
calculate the magnitude of lumetic decay.  The easiest way to understand the curvature of 
Equation (15.1) is to take the case of two photons moving down the same axis in curved as 
compared to Euclidean (rectilinear) space, departing two seconds apart: 
 

 
Figure (15.1) Photons moving along an axis through rectilinear versus curved space, initially two seconds apart 

 
Time is the horizontal axis, in seconds, and distance is the vertical axis, in light-seconds (ls).  
This graph is a physically accurate representation of motion through space because time, in 
relation to motion, is the internal, fourth-dimensional difference of space.  It is an additional 
dimension that does not increase spaceõs universal extent: space-time. 
 
If space were perfectly rectilinear, the two photons shown in Figure (15.1) would follow the 
dotted traces, always separated by a distance of two light-seconds.  However, due to its 
energy content, space exhibits, on average, a slight fourth-dimensional curvature.  This has 
been markedly exaggerated (by a factor of ~1016) in Figure (15.1) to make its effect visible.  
The photonsõ paths through this artificially curved space-time corresponds to the solid 
traces.  Three seconds after the first (red) photon departs, the two photons are separated by 
a distance of 2.08 ls.  Four seconds later, they are separated by 2.24 ls.  The space of our 
universe exhibits such a small average curvature that this same deviation would require ~1.2 
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billion years.  Curved space simulates spatial expansion.  Ironically, whereas Special Relativity 
shows us that it is not possible to directly measure a reference frameõs movement, the only 
way to measure spatial curvature is to move through it. 
 
Gravityõs universal curvature creates a differential velocity difference per unit distance.  This 
is what the Hubble constant represents: 

 

 

(15.2) 

A value of 60 Hz-km/Mpc exposes light to a tiny differential velocity gradient of 1.95(10)-18 
meters per second per meter.  Although H0 is usually evaluated in terms of megaparsecs of 
distance, space is continuous, so it is equally applicable to the space within a photonõs topology. 
 
Energy acquires the differential velocity of Equation (15.2) through propagation.  Since this 
occurs along straight line trajectories through the third dimension, the Hubble constant 
represents a tiny positive acceleration, and the energy distributed throughout a photonõs 
substructure accrues differential velocity at a steady pace.  A photonõs leading edge has 

traveled farther than its trailing edge by its wavelength l, inducing an internal velocity 
gradient of the form: 

 

 

(15.3) 

Differential velocity generated by interaction with universal curvature stretches photons, 
causing a continuous expansion throughout their energy distributions.  The universe isnõt 
expanding; intergalactic photons are.  Moreover, just as it acts within a single photonõs 
structure, spatial curvature also creates differential velocity between photons, causing a 
general broadening of ancient signals in direct proportion to their redshift.  From a local 
perspective, photons, regardless of their age, appear to be moving at c, but on a larger scale 
their effective speed along the path they have taken depends on their departure time relative 
to other photons. 
 
Although the universe is ultrastatic, it does have a relationship between time as change and 
time as dimension.  RG manifests as spatial expansion because it induces a nonlinear 
relationship between distance and time.  Even though spaceõs size is invariant, its 
phenomenological curvature represents a differential velocity field - the same field that 
would exist if it were actually expanding.  The difference between a billion light years now 
and a billion light years a billion years ago is not linear, and gives the false impression of 
universal expansion.  Scientists have grossly misinterpreted the physical reality of gravitation 
in both of its most extreme environments - black holes and deep space. 
 

0

v
H

R

c

dx

d

G

==

ll
l

0v H
R

c

dt

d
d

G

===



15. COSMIC LUMINOUS PATH  

 

 

26 

All photons move at c, so it certainly seems like it should take the same amount of time to 
cross the same amount of space.  But this is only true if a photonõs motion had a purely 
linear relationship to time, and this is not possible when they move through space infused 
with fourth-dimensional curvature. 
 
In summary, universal curvature causes photons to expand on their epic journey across deep 
space.  This results in an isotropic redshift of all signals from distant sources, the magnitude 
of which is roughly proportional to their distance from Earth.  The intergalactic redshift of 
photons is nothing more than a direct measurement of the average universal curvature predicted by the 
General Theory of Relativity. 
 

Y THEOREM 15.2 - LUMETIC DECAY EXPANSION {Y15.1} 

RADIANT ENERGY DECAYS AS A RESULT OF THE INTERNAL ISOTROPIC  
EXPANSION OF ITS STRUCTURE CAUSED BY THE DIFFERENTIAL 
VELOCITY FIELD OF UNIVERSAL CURVATURE 

 
Universal expansion is not only wrong - it is unnecessary and redundant.  The universeõs 
average spatial curvature is already known to exist.  It ought to have some effect, and the fact 
that it emulates universal expansion is certainly no coincidence.  Nor is the fact that the 
magnitude of its effect (redshift) is consistent with the universeõs average energy density.  
Michelson and Morley demonstrated, in 1887, that space is not a material thing.  Any 
distortion it experiences is by definition fourth-dimensional.  Cosmologists have chosen to 
ignore this fact when they claim that space is somehow expanding upon itself. 
 
Lumetic decay is not limited to a photonõs wavelength.  The universeõs differential velocity 
field is isotropic, and so therefore is the expansion it causes, increasing the size of a photonõs 
spatial footprint along all three of its extents.  Letõs quantify the energy loss that this 
expansion causes. 
 

LUMETIC DECAYõS ENERGY LOSS 
 

Simplify Equation (15.3): 

 

 

(15.4) 

Solve for wavelength: 

 

(15.5) 

As a photon expands, the differential velocity at its boundaries slowly increases, producing 
an exponential decay.   
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Convert Equation (15.5) to energy and simplify: 
 

 

 

(15.6) 

When a photon expands over time, it has to release energy in order to satisfy both the unit 
hypervolume relationship and conservation, so it is forced to slowly decay: 

 
Figure (15.2) Universal curvature stretches photon wavelength, inducing a gradual energy loss 

 
From Equation (15.6), a photonõs energy loss rate is given by the Hubble constant as: 
 

 

 

(15.7) 

Energy loss rate per unit energy is the Hubble constant: 
 

 

 

(15.8) 

Decay rate is not a function of gravitational potential, but rather the average spatial distortion 
caused by energyõs presence.  Thus it is relatively uniform even though the density of matter 
and other forms of energy varies throughout the universe. 
 
All photons lose the same fraction of energy per unit time, so the decay rate of any 
frequency band is simply the product of its total energy density and the Hubble constant: 
 

 

 

(15.9) 

Distant objects appear to lose surface brightness far more rapidly than an exponential decay 
would suggest, but this is only because the optical band is relatively narrow and has virtually 
no energy density above it.  Please see Appendix M for a detailed analysis of the relationship 
between surface brightness loss and redshift. 
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The relationship between photon energy, distance traveled, and redshift follows from 
Equation (15.6): 

 

 

(15.10) 

On object with a redshift of (z = 6), for instance, is ~30 billion light years from Earth. 
 

15.3 DECAY VERSUS RECESSION 
 

Before delving more deeply into lumetic decayõs numerous and profound ramifications, letõs 
briefly compare its energy loss profile with the expanding universe concept in accelerating 
and non-accelerating formulations.  Simplified versions of both are presented below.  They 
do not contain many of the Big Bangõs ad hoc revisions, such as inflation, but are sufficiently 
representative for the purposes of this section. 
 
The relationship between a deep-space photonõs energy loss and the Hubble constant for a 
universe with uniform expansion has the form: 
 

 

 

(15.11) 

This restricts the observable universeõs size, since a photonõs energy goes to zero at any 
distance x greater than (c/ H0).  Cosmologists have recently (at least as compared to the 
introduction of the original expanding universe concept) embraced the idea of a universal 
expansion whose rate changes with time. 
 
In the most straightforward rendition of the accelerating expanding universe, the Hubble 
constant is a linear function of distance (and therefore time) of the form: 
 

 

(15.12) 

where aU is the acceleration of the universeõs expansion in units of distance-1.  aU is positive 
for an accelerating universe because the Hubble constant needs to be smaller in the past if 
the rate of universal expansion were actually increasing.  The energy loss associated with this 
acceleration is somewhat more complex than for the uniform expansion of Equation 
(15.11): 

 

 

(15.13) 

0

0
0

xHc

xHc
EE

+

-
=

0

2

0

2

0
)(

)(

Hxaxc

Hxaxc
EE

U

U

-+

--
=

( )0

*

0 1)( HxaxH U-=

( )1lnln
0

0

0

+ö
ö
÷

õ
ææ
ç

å
=ö
÷

õ
æ
ç

å
ö
ö
÷

õ
ææ
ç

å
= z

H

c

E

E

H

c
x



15. COSMIC LUMINOUS PATH  

 

 

29 

Compare lumetic decay to the two simplified expanding universe models: 
 

 
Figure (15.3) Lumetic decay versus two simplified versions of the expanding universe 

 
The orange trace ending at ~16 Gly is of the constant expansion model.  The red trace 
ending at 25 Gly is the accelerating expansion model of Equation (15.13) with an aU of 1.4% 
per Gly.  The green trace extending past 30 Gly is lumetic decay.  As shown in the graph, it 
became necessary for the universeõs expansion to accelerate in the Big Bang model because 
long-distance measurements of supernovae (>4 Gly) are clearly more consistent with 
lumetic decay than with a fixed rate of expansion.à37ð  As long as the Big Bang is the dominant 
cosmology, its expansion/acceleration profile will have to be repeatedly adjusted as new 
technology allows astronomers to penetrate more deeply into space.  Indeed, timing is 
everything in science.  If Einstein would have predicted intergalactic redshift based on the 
universal curvature required by his own theory of gravitation, modern cosmology would 
have a very different conceptual landscape. 
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According to the plot of lumetic decay, an energy loss of 50% occurs over a distance of 
about 11 Gly.  Photon age is given by solving Equation (15.6) for time: 
 

 

 

(15.14) 

Lumetic half-life is the special case where the energy ratio in Equation (15.14) is 0.5: 
 

 

 

(15.15) 

This is not the average time it takes for a decay to occur.  The smoothness of the redshift 
distribution indicates at least a hundred decays occur prior to reaching a 50% energy loss.  
Equation (15.15)õs half-life is the time required for a photon to lose half its energy. 
 
A Hubble constant of 60 Hz-km/Mpc corresponds to a photon half-life of 11.3 Gyr.  The 
Hubble constant is thought to lie somewhere between 50 and 85 Hz-km/Mpc.à1.2ð  This puts 

lumetic half-life in the range {8 Gyr < tg < 13.6 Gyr}. 
 

15.4 UNIVERSAL DENSITY 

 
The Hubble constant measures the net effect of the strained geometry of space-time, as 
presented earlier by Equation (15.2): 

 

 

Substituting Equation (15.1) for RG yields the Hubble constant as a function of the universeõs 
average energy density: 

 

 

(15.16) 

Solve for energy density: 

 

 

(15.17) 

or 4.0(10)-10 J/m3 at a Hubble constant of 60 Hz-km/Mpc. 
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The universeõs average energy density is related to the Hubble constant as follows: 
 

 
Figure (15.4) Relationship between Hubble constant and average universal energy density 

 
The vertical line indicates the best current estimate of the Hubble constant using supernovae 
as standard candles.  It puts the universeõs average energy density at about 2.7 hydrogen 
atoms per cubic meter.  This is consistent with the estimates of the total amount of matter in 
space and supports the idea that the majority of it is nonluminous.  The horizontal lines 
reflect the amount of error thought to currently exist in the Hubble constant, from 50 to 85 
Hz-km/Mpc.  This corresponds to a fairly wide (~3x) range of universal energy density, 

{2.8(10)-10 J/m3 < rU < 8.1(10)-10 J/m3}.  Luminous matter, whose energy density is 

estimated to be on the order of ~10-11 J/m3,à3.1ð constitutes only a small fraction ~(1%-3%) 
of the universeõs average energy density. 
 

UNIVERSAL COMPOSITION 

 
In accordance with natureõs causal singularity, radiant energy ultimately originates from 
matter.  This means every photon or neutrino throughout space at this very moment has a 
direct relationship to binding energy at either an atomic or nuclear level.  Our universeõs 
chemical binding energy is negligible in comparison to its nuclear, so the universeõs radiant 
energy density is the difference between the mass density of free protons and the mass density of 
compound nuclei.  Although annihilation is also a source of radiant energy, the gamma flux in 
space is so small that its mass density equivalent is insignificant. 
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The cosmic balance between compound nuclear matter and electromagnetic energy density 
will be referred to as correspondence: 
 

Y THEOREM 15.3 - MATTER-ENERGY CORRESPONDENCE {Y4.9} 
THERE IS A ONE-TO-ONE CORRESPONDENCE BETWEEN MATTER FIELD 
POTENTIAL AND PHOTON/NEUTRINO/KINETIC ENERGY 

 
This occurs exclusively in terms of energyõs quantity and has no relationship to quantal 
number.  The binding energy between two nucleons, for instance, might eventually take the 
form of millions of CMB photons, but the primary consideration is underlying magnitude, 
not quantal configuration. 
 
Matter-energy correspondence can be expressed mathematically as: 
 

 

(15.18) 

where rM is the product of the numerical density of the universeõs elementary particles, rØ, 

and their free-space rest masses, mØ.  In other words, if all of the universeõs particles were 
unbound and at no potential, gravitational or otherwise, the sum of their rest energies 
would be precisely equal to the universeõs total energy density. 
 
In essence, the temporal closure (Y4.9) between matter and (photons/neutrinos) requires 
the sum total of the universeõs kinetic, luminous, and neutrino energy to be balanced by and 
equal to the negative potential of all of its particles, primarily protons.  Thus: 
 

 

(15.19) 

where rbp is the universally average concentration of bound protons, rR is the average density 

of all radiant energy, and rFg
 is matterõs average gravitational potential.  Equation (15.19) is 

shown as a close approximation because the universeõs electron content, whose negative 
potential contribution is negligible, has been excluded.  Solve for the concentration of 
bound protons: 

 

 
(15.20) 

Most of the universeõs mass is dark, so it has low average kinetic energy content.  Also, 
compact objects tend to emit radio and high-energy radiation.  Since the cosmic density of 
such sources is small, most of the universeõs dark mass exists at a relatively weak average 
gravitational potential. 
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Applying these provisions to Equation (15.20) yields: 
 

 

 

(15.21) 

NEUTRINO DENSITY 

 
Given neutrinosõ remarkably small absorption cross-sections,à2.4ð one might think that their 
equilibrium number density in an eternal universe is extraordinarily high.  This is not the 
case.  Neutrinos move at the speed of light, so they decay just like electromagnetic 
radiation, and the only neutrino sources with significant luminosity are transient - 
supernovae or compact objects experiencing a change of state.  Thus their universal density 
is fairly small.  Matter-energy correspondence is consistent with this, as it also requires a 
low universal neutrino density.  Neutrinos are only released by the binding of free particles.  
Even if all of the universeõs matter were confined into compact objects, the complementary 
cosmic neutrino energy density would be orders of magnitude less than the electromagnetic 
radiation released from the mass fraction of all of these bound particles.  For additional 
information about neutrinos, please refer to Appendix N. 
 
When neutrino and other low-density radiant bands, such as gamma and radio wave, are 
omitted from Equation (15.21), the result is the universeõs average bound proton 
concentration as a function of the most prominent luminous backgrounds in space: 
 

 

 

(15.22) 

or 9(10)-29 kg/m3 using the values listed in Appendix C. 
 

DARK HYDROGEN 
 

Measurement of luminous matter density doesnõt reveal much about cosmic composition 
since it originates from a mixture of free (hydrogen) and bound protons.  Equation (15.22) 
does, however, in concert with Figure (15.4), indicate that the universe is composed of a 
large fraction of nonluminous material.  Although modern cosmology is full of speculation 
about a host of exotic dark matter candidates, such as gravitons and HIGGS and Z bosons, 
there is really only one viable contender for the missing energy density - hydrogen. 
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Electrons constitute only ~0.05% of the universeõs mass, so its average material density is 
close to the sum of its free and bound proton concentrations: 
 

 

(15.23) 

where r fp is the density of free protons (hydrogen). 
 
The universally average fraction of bound protons is given by the ratio of Equations (15.22) 
and (15.17): 

 

 

(15.24) 

or 2% at a Hubble constant of 60 Hz-km/Mpc.  The universe is about 98% hydrogen (and 
antihydrogen).  This fraction is inversely proportional to the square of the Hubble constant 
so is fairly sensitive to its value.  If the Hubble constant is 50 Hz-km/Mpc, the universe is 
97.3% hydrogen; at 85 Hz-km/Mpc, it is 99%.  Astronomers have estimated the 
composition of luminous matter to be about ~70% hydrogen, ~25% helium, and perhaps 
~5% other elements.à1.1ð  Equation (15.24) indicates that dark matter is overwhelmingly 
hydrogen.  For more information about its cosmic distribution, please refer to Appendix N. 
 

FUSION ENDURANCE 

 
Dark matter represents an extraordinary buffer for cosmic activity.  In the absence of some 
form of replenishment, the amount of time it would take the universe to consume all of its 
available fuel is given by the ratio of its fuel density to total luminosity density.  This will be 

called its fusion endurance, te: 

 

 
(15.25) 

At ( fbp = 0.02), with the values given in Appendix C, and in the absence of some form of 
hydrogen renewal, it would require ~45 trillion years for the universe to exhaust its fuel.  A 
star only burns the hydrogen in its core region, which accounts for about 10% of its mass.  Since 
luminous material represents at most ~2% of all mass, less than 0.2% of the universe is on fire, and 
this fire is exceptionally slow-burning. 
 
The value of luminosity density jR used in Equation (15.25) was averaged over the entire 
universe to include extensive stretches of virtually empty intergalactic space.  A similar 
calculation can be done for individual galaxies to show that their fuel consumption is 
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appreciably higher.  Galactic fusion endurance is given by a slight modification of Equation 
(15.25), with the simplifying assumption that the bound proton fraction is the same: 
 

 

 

(15.26) 

where Mg and Lg are a galaxyõs mass and luminosity, respectively.  The luminous portion of 
the Milky Way, for instance, has an estimated power output of 1.4(10)37 Wà1.14ð and mass of 
8(10)41 kg.à1.16ð  Its total fuel reserve (at a composition of 98% hydrogen) is about 2% of the 
universal average, 1.1 trillion years. 
 

15.5 LUMINOUS LIMIT 

 
The original version of Olbersõ paradox was:à6.6ð 
 

òIf the universe is infinite, then a line extending in any direction from Earth would 
eventually intersect a starõs surface.  Why isnõt the night sky white?  Proposed solution: 
Because the universe is finite.ó 

 
Once more was learned about the breadth and low density of the heavens, it became clear 
that light would probably be scattered long before it traveled the distance necessary to make 
Olbersõ evenings white.  But its energy would still remain, so the paradox was modified to a 
more modern, thermodynamic form:à6.7ð 
 

òIf the universe is infinite then the luminous output of stars would quickly build to the 
point where its accumulated heat would burn nonluminous objects, including planets.  
Proposed solution: This doesnõt happen because the universe is expanding, lowering its 
energy density, cooling it down.ó 

 
Neither of these interpretations is even marginally close to the mark.  There is a far more 

interesting reason why space is a chilly 2.7 K̄ in an infinite, nonexpanding universe. 
 
Fusion is by far the universeõs largest power output, and lumetic decay is by far its largest 
power loss.  Even though this effect is weak and requires billions of years to cause a significant 
energy deficit in individual photons, its universal consequence is staggering.  Since the light 
given off by all luminous objects decays over time, the cumulative energy in space associated with any 
luminous object is limited.  After a given length of time, the loss due to the lumetic decay of prior 
luminous output will balance an objectõs current luminous output. 
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Let L be the luminosity of some celestial object such as a star or galaxy.  The energy it 
radiates in some small time interval is initially given by: 
 

 
(15.27) 

 
Since luminous energy decays according to the Hubble constant, the energy in this 
differential is actually a function of time: 
 

 

(15.28) 
 

The total energy in space associated with an object is given by the aged sum of its radiant 

output from some initial time (t = 0) to its current age, t: 
 

 

 

(15.29) 

which evaluates to: 

 

 

(15.30) 

This is assuming the physical size of celestial objects is small in comparison to the onset of 
lumetic decay, as is the case.  The luminous portion of most galaxies is less than 100 Kly in 
radius, and lumetic decay doesnõt have much of an effect until after a few hundred million 
light years.  Equation (15.30) also assumes the rate of absorption of luminous energy in 
intergalactic space is small in relation to lumetic decay, which is also the case.  Decay is 
weak, but deep space absorption is orders of magnitude weaker.à10.2ð 
 

Whent is large, Equation (15.30) goes to the limit: 
 

 

 

(15.31) 

Lumetic decay reduces the luminous legacy of celestial objects so effectively that there is a 
limit to the amount of energy they can maintain in space.  The energy of Equation (15.31) 
will be referred to as the luminous limit. 
 

Y THEOREM 15.4 - LUMINOUS LIMIT {Y15.2} 
THE LUMETIC DECAY RATE OF ANY CELESTIAL OBJECTõS PRIOR LUMINOUS 
OUTPUT WILL EVENTUALLY BALANCE ITS CURRENT LUMINOUS OUTPUT 
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