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PART IV: COSMOLOGY
BACK TO THE STARS

Thay n i v e rs@lstricsure laraltfogce

Cosmic power cycles

Intergalactic redshift and the CosmiB&dkyoovance
OlbexBaradox

Universaguilibrium

Galactigydamics

The galactic core

Dark matter

Matter and antimatter
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At the last dim horizon, we search among ghostly errors of
observastor landmarks that are scarcely more substantial.
The search will continue. The urgaisiskdey.th

It is not satisfied and it will not be oppressed

Edwin Hubble, 188953



Figure (IMLOBE microwave sky map, circa 1992
(Courtesy NASA/WMARience Team)



Prerequisite Concepts for Part IV

-

Prerequisite Conceptdor Part IV

The fdowingpivotatoncepts acarried forward from Partk §ndll:

i

The universsums to zewlnd is therefore a distributed form of therd\ull
Axiom.

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

The univerdes no nethagebecause nothingness cannot; chand®zen in
ultrastasis on the largest scale.

In accordance with hhexfielcconcept, f a particl eds tot al
mass it can escape fiaachk hole.

Black holes are not conyplekeck; their luminosity is defined by their temperature
and surface potential. Lightds &ene
Gravitational potential reduces the rest mass of elementary particles, which in t
emit light of lower energy.

Photonselementary particeasd neutrinaae real objects with discrete spatial
volume and finite energy tedistributed 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 infir
universe full of space and energy. Its associated geometry provides théightantization c
and matter and the four universal forec
how the universeds structure operates
discoveries presentdduth Physidsis truly remarkablan &rnal dance of energy and
matter.

14.1 THE OBSERVED UNIVERSE

Our analysis begins with a quick review of the known characteristics of the observ
universe. Theosmological Primgiblee assumed in this assesdtagmiemise is that

our local cosmic neighborhood out to a few billion light years is an accurate portrayal o
nature of the universe everywhere. Anything more distant than this may appear differe
our instruments, but this is only becaussgidhdistortion caused by such phenomenal
range. The Big Bang requires an evolving universe, so cosmologists have used lak
statistical analysis on the blurry images of distant galaxies to try to demonstrate uniy
evolution in terms of stamfttion rate, galactic merger rate, and variation in galactic type
abundance. This is a misguided venture, as there is currently no way of knowing ho
properly correct these images for disiatee losses. Crossing deep space has a
devastating e=ft t on an optical signal s cont er
example of this loss is provided in Figure (14.1) below. It contains Hubble images
portions of three galactic clusters, shown left to right at increasing range fréen Earth, in (
of Mly (million light years). A Hubble constant éfr6Vigz is assumed.

Figure (14.1) HCGS87 (~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 resolutibraiat s€cond is typically 10 times

that of the best grodmaded instruments, galaxies lose most of their detail beyond a ranc
of about 2 billion light years. This is the result of signal degradation and observati
limitations it is not caused byaturing universe. Deppce galactic redshift surveys, as
Sshown bel ow i n Figure ( 14 . Zgale mateeial e a |
distribution.The universe does neltagaliteastatic

MATTER

GENERAL

Stars arée building blocks of galaxies, which are the building blocks of groups, which fo
clusters, which ultimately form superclusters of tens of thousands etg#dxibs. So
superclusters also contain vast amounts of hydrogen, and galaxidg +20féseht

their total mass. Cosmic structure does not end with superclusters, however. They fi
the skeleton of a gigantic-ik@nconstruct with interconnected voids notably empty of
galaxies or other material. These cells are about 1@0metigriartd have diaphanous
walls composed of superclusters, filaments of galaxies, and galactic clusters:

\S 2dF Galaxy Redshift Survey ©

Figure (14.2) A tiny fr ac-théZnil-TflgaIacﬁcFelddmiﬁsunweyi versebo
(Couresy 2dF GRS Team, shown previdugly@$l.2)

There appears to be no | evel of struct.t
becomes progressively more uniform with Hcgdace were sectioned into a population

of equally sized cubes, the standard devi#tiein wiasses would be inversely
proportional to their voluffie.
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The average density of luminous material in sp&té&dganiland is composed of

about ~70% hydrogen, ~25% helium, and ~5% various otheftl&rearitational
interactions beten galaxies suggest the existence of a large fraction of nonlumino
material, so the total density of luminous and nonluminous matter might be as higt
~5(10)*"kg/m?. This represents a contribution to universal energy,deiasynuch

as ~4.610)'° J/md, Plasma is the most prevalent
which is not surprising since nuclear fusion is the primary source of celestial luminosity.

STARS

Stars varfyom faint red dwarfs to supassive bluéhite giants. Our sun is a yellow
dwarf near the midpoint of this range. Its output in the visible baffdratt3:8(10)

This is often used as a unit for the luminosity of other celestiahdogetgataxies,

and will be symbolitgg Similarly, *kguisdemtedid§andisna s s ,
the astrophysical standard for this parameter. Stellar luminosity varies over ten orde
magnitude {5(16),- 6(10jL }, whilehe range of a stards m
four orders of magnitude, {08 150M,}. **

A stards | ifespan depends on its sl umin
while a star like our sun will burn for over ten billion years. Extreme longevity belongs
red dwarfs, whose dim glow continues for tens if not hundreds of billions of years. S
whose mass is M4,,or greater end their lives in violent erpldsiaving behind hot

white dwarfs, neutron stars, or, in the case of the most massive stat¥, bleeseholes.
remnants are typically surrounded by a nebula of expanding debris.

GALAXIES

There are four basic types of galaxies: spirabwkeMilky Way; elliptical; lenticular;

and irregular. Galaxies are identified not only by their morphology but also by the ste
populations they contain. Lenticular galaxies have a structure intermediate between s
and ellipticals, and irregulaxse generally distorted shapes. Elliptical galaxies tend to
contain a uniform distribution of older, cooler stars, whereas irregular and spiral gala
have a small fraction of young hot stars responsible for most of their luminosity. The si
spial galaxies varies over three orders of magritijg-{10"* M,,}. Elliptical

galaxies have a wider range of size at six orders of magwiifyd&0¥1a, }. The

galactic population of rich clusters is dominated by ellipticals sasd denhtazila
universal average, spirals and lenticulars are the most common isolatedigklaxies, calle
galaxiesnd are scattered at random within thikéoaraterial distribution of deep
space.



14. PHYSICAL NULL COSMOLOGY
8 Q=

INTERGALACTIC MATERI AL

Intergalactic material, referred to as IGM, is the matter dispersed in the space betw
galaxies. Itis generally dark and thin, but will periodically contain isolated stars presun
gected from their parent galaxy by collisions with other galaxies or some other viol
process. The | GMOs average materi al d
meter, existing at a purity of vacuum not currently possible to daplicate on E

The | GMds ener gy contKtemperatgelt & sofcolcthandl by
thin it has virtually no energy, far less than even the radio wave background of space.
average kinetic energy of a particle in deep space is dendeda&pp

KTews

K_EIGM = (141)

At an average density of ~3 particles per cubic meter, this amounts to an energy dens
1.7(10% J/m?, about 250 million times less than the CMB.

ELECTROMAGNETIC ENEBR

GENERAL
Signals from distant objects in all bandwidths in all directions have redshifts rou

proportional to their distance from Earth. This is kmevwgaksctic redsimithe ratio
between redshift and dist@thelubble constignt®

H, @Z—Z {z<02} (14.2)

where redshift is quantified by theZAactor

(Z+1)1 Ll E

e (14.3)

A z of unity corresponds to a photon with twice its original wavelength and half its origi
energy. This representsandesbn the order of 10 Gly (ten billion light years).

The wuniverseds electromagnetic energy
densities: luminous and luminosity. Luminous density is the amount of light energy per
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volume. It has unifsenergy/distarfg@/m?®). Luminosity density is light emertpyt

per unit volume, with units of power/didt@é\m3. The three most significant
spectral backgrounds of deep space, in order of increasing energy density and decr
photon energgre:

1 Integrated starlight
1 Infrared background

1 CMB (Cosmic Microwave Background)

These are by far the most energetic back@pyeodgarison, space contains only trace
amounts of radio waves and gamma radiation. The radio band, for exaingle, has ak
millionth of the CMBR@isouseseneegy digsitythecerdral t vy .
portion of the electromagnetic spectrum, the CMB. This decreases in the infrar
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. Tl
bal anced by the diffuse |ight produced
coole and far more numerous. The combined luminous output of all stars is referred tc
integrated starlighhas a spectrum similar to a I8 @ackbody because its source is
the averaged out put of the omparsanrhasads |
surface temperature of ~6,800

INFRARED BACKGROUND

The infrared spectrum, to include near and far infrared, encompasses all electromag
radiation in the rang&EL[B0xm]. This represents a significantly broader wavelength scale
than either the visible band®$280nm] or the CMB [LB mm], and overlaps the
CMBOsenheirgghy regi on. The universeds inf
order of magnitude greater than integrated%tarlight.

CMB

As viewed by the COBE and WMAP satellites, the CMB conforms to arKideal 2.724
blackbody spectrum to the accuracy with which it can be measured. Its intensity, howe
Is not perfectly uniform. It is markslighy temperature fluctuations on the order of 18
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° 1.6nK. It also has a dipole anisotropy (opposingpredsheits hi ft ) due t o
through it at 370 knifs:

4 T AmK

Figure (14.3) WMAP with Earthds moti
(CourtesNASA/WMAP Science Tesinown previously as Figurg (1.1)

The CMBOs spectral appearance has the f
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Figure (14.4) CMB energy density as a function of wavelengthKT

Its photon number density is given by the blackbody ®xpression:

2kTE
= (2.404)8p &
n, = (2.404)8p T (14.4)
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or 410 million photons/mThis is the highest photon population, by far, of any universal

-5

11

background radiation. Blackbody energy density is related to temperature by:

wheres is the Stefdoltzmann constartt 4.2(10¥" J/m3, the CMB has significantly

more energy per cubic meter than any other bandwidth in space. tEmaed)y densi
photon number density are the only blackbody parameters used in the development of
Cosmology, but for more information about blackbody spectrappeasieksee

E

4sT*
c

14.2 UNIVERSAL PARAMETERS

Unit hypervolume is the only finite universal constant; it has the same value everyw
across infinite space. Uniyensahetarsaveragesihey vary from location to location
Whereasnpaléale,and atomic physics are
described in terms of unit hypervolume, physical cosmology is the relationship am
universal parameters. Those most relevant to our analysis can be found in Append

but have a single universal value.

duplicated here:

Universal Parameters

Name Value Units Error(%)
H, | Hubble Constant 60 Hzkm/Mpc| 50*
H, | Hubble Constant 1.95(10%° | Hz 50-®
r, | Universal Energy Density| 4.0(10° | J/mv’ 40
r,, |Universal Mass Density | 4.5(10F" | kg/n? 40°cmPerse
js | Optical Luminosity Densitl 1.4(105° | W/m?® 80 ?
i Infrared Luminosity Densi 0.7(107° | W/m? 80+
i, | Neutrino Luminosity Deng <5.6(10)* | W/m® g% of opioD
jr | Total Luminosity Density | 2.1(107° | W/m?® go-Hd
ro | Gamma/Xray Energy Der| 1.5(10" | J/m’ 80**°
reg | Optical Energy Density 1.6(10%° [J/m’ 8O*®
rg | Infrared Energy Density | 1.6(10%* [ J/m’ 80**
rows| CMB Energy Density 4.165(10%" | J/m® 0.0%%
rio | Radio Wave Energy Dens 1.6@0y° |J/m° 8*®
r, | Neutrino Energy Density | <6.4(10j"" | J/m’ g o orioRP
r, | Total Radiant Density 5.910y* [ J/m’® G

Table (C.1) Universal Parameters

(14.5)
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Luminous densitiesare the amount of light energy in space, while luminosity densities (
measure the uni ver s e odicalenotes wavelengtbswetweeno u t
ultraviolet and infrared, and is often called the inte¢jgtedIsiaralso referred to as
theblue bankdence thBsubscripts 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 cor
and are equally sensitive to itscgccuhalike universal constants, universal parameters
are generally of | ow resoluti on, and T
cosmological data is by necessity of a statistical nature, and the CMB provides the
information with anyrsiigant amount of accurddye upper limaf universaleutrino
luminositys estimated at 4% of optibcaked oour sunds neutrinol
ratio. Thi s fraction varies with star type
should & considered a rough estimate. Neutrino em&tgysdderived in Appendix N,

using concepts developed in Chapter 15.

OQur goal I's not to calculate the wunive
available incoovertible data, how the infinite machine of reality vactkalhy a
cosmically local scale. With this in mind, please note the units for the first Hubble cons
in Table (C.1). Itis normally listed as km/s/Mpc, owing to its erroneousadgtsociation
the recession velocities of an expanding universe. Since the universe is not expandir
Hubble constant will be listed in unitskafi/Mipc instead. The numerical value remains
the same but the physical significance is moreldiswatant 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 spati
dimensions with an infinite history of uirafitdeas a finite, universally average energy
density that creates a universally average internal curvature. Since its material distribu
l i mitl ess, Mach and Einsteinds Cosmol oc
of the universmoks essentially the same and has the same physics. With the sole excej
of the cosmic parity between matter and antimatter, the composition of the distant univ
Is indistinguishable from the local universe, regardless of the magnitnde. oAthe dista
astronomical data that allegedly demonstrates universal evolution is a misinterpretatic
the signal distortion caused by cosmic ditamassverse is not evaixipgnolinids

global properties are fixed.

A static universe is certainly not a new idea, and it persisted for some time after
discovery of intergalactic redshift. Edwin Hubble was never convinced the effect he fc
had anything to @ith universal expansion. In 1929, Fritz Zwicky postulated that the
observed redshift was due to the gradu:



14. PHYSICAL NULL COSMOLOGY

_)(_ 13

distances, an idea referredti@adigtit® Zwicky was entirely correct, but lacked th

nul | principles needed to expchusafthe t he
redshift effect. So while concepts of infinite, eternal, and quiescent universes have sul
t hroughout cosmol ogyds WNulldAysdbasic,premise. p u b |

COSMOSTASIS

Universalariatiortceases at totalayd this in tudefines the equilibrium requirements
of themateriabf whiclthe omnipatters composed. The interactioveba ultrastasis
and finite cosmological environtakessthe formtb&threéaws of cosmostasis

Y THEOREM 14.1 - THREE LAWS OF COSMOSTASIS {Y 4.2}
1. ALL ENERGY FORMREARELABLE, RENEVAMELPART OF ARIKRAL

COSMIC ENERGY O¥HH.EUM O SUCH CYCLES ISOBHIC ENGINE

2. THE UNIVERSAL DESSOF MATTER, RAGAGNETIC ENERGY, A
LUMINOSITY ARE TREQI RESULT OFERSIAM. EQUILIBRNIANITE
IN BOTH TIME ANICEPA

3. THE AMOUNT OF ENHR®VING THROUGHSARK OF A GIVEN
COSMIGIERGY CYCLE ISAME &S ANY OTHHR STE

The reasoning behind each law is as follows.

1. Recyclable and renewalblan inescapabledeshc existed for enggych as a
gravitati oenaryy woutdiflowtp uhisalead eng and its universal
number density wogldwandeventually step somé&nalvalue, with all energy
trapped in a single form. The universe castebl@aquilibriumf andonly if
each and every energy form within it maimasgiant universal populatidms T
requiresosmicnechanismisgat create and destroy all energyfamsl rates.

2. Energy, mass, and luminosity demstysity represents an equilibrium fulcrum
between creation and destruction for any givefoenergyhen a process
converting one form of energy into another reaches equilibrium, it does so beca
the densities of tbhel and prodhate reached levels where the rate of conversion
Is equal for both.

3. Uniform energy flown an equilibriumtsys, the density of each form of energy
in the cycle remains constant. This means the amount of energy moving from
step to the next is the daaheeen any two Ses/en though the total amount of
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energy in each step in the cycle may béyddi#stient, the amount of energy
transferred per unit time between the steps is the same for all steps.

These laws presume the inh&remhetoy cosmic energy cycles. Unless a cycle is
specifically identified as rrattmatter, it representsshmme cycle for both forms of
matter. The fusion cycle of hydrogen, for instance, gasseisctira fusion cycle of
anthydrogen.

ETERNAL EQUILIBRIUBRIEF REVIEW OF TBIEPOSITION

One argument frequently used against an infinitely old, querseeigravitational
instabilif 1| t s premise is that matterds natu
attraction would cause irreversibtapinthroughout space, inevitably leading to a
desolate expanse populated with nothingtatioged singularities. This is an erroneous
interpretation for two reasons:

1 Black holes are not the irreversibitaéesl of matter they are currently thought
to be.

9 Gravitation is not the only-lamge univerdab r ce t hat contr ol
distribution.

As wi || become apparent i n our deri val
electromagnetic forces play a large role, if not larger than gravitation, in the flow of
uni verseds materi al

Another concept commonly cited against a universe in eternal equilibrium is the secont
of thermodynamidsietotal entropy of any isolated thermodynamic system tends to incr
time, approaching a maximurHerakertropy is daéd as a measure ofitla@ailable

energy in a closed system. This is used to justify the idea that the universe will grow ol
eventually wither away, but is far more applicable to a steam engine than ultrastasis.
universe is infinitely -ofdalready exist a state of maximum entropy!

14.4 COSMIC ENERGY CYCLES

The univer seds eledra(eectiors br posifons) @otbgpoooressd o f
or antiprotons). Electrons arbaapdd cosmostasis, as they constitute only 0.05% of the
uni verseds materi al content . Cosmic e
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protons. These exist in one of two states, either free as hydrogen, or bound into collec
such as hehucarbon, and the rest of the elements. Cosmic equilibrium dictates a const:
rate of creation and destruction for both of these proton configurations, so there are
universal energy cycthsfusion cyaled thannihilation cycle

Y THEOREM 14.2 - UNIVERSAL ENERGY CYCLES {Y 14.1}
THERE ARE TWO USAIHRNERGY CYCLES:

(A)JFUSION CYCLE: B@QANDECTIONS OF RBOTO
(B)ANNIHILATION CYEREE PROTONS

Although annihilation and fusion exist in aagehlgghenvironment, such as the
interaction between cosmic rays and interstellar material, the cycles noted above repr
the largscale processes responsitile fpenesis and overall densityrddjtnggf the

uni verseds material. Atomic nucl ei C O
compound nuclei

14.5 FUSDN CYCLE

The fusion cycle is the balance between hydrogen and compound nuclei. Our telesc
and space probes have revealed the | ea
rough outline is alreadyadlai

(hydrogen fuses)(compound nuclei, light)
(light loses energy by intergalactic redshift, scattering, absorption) ?
(CMB) ? (nuclear dissolution occurs to produce hydrogen) ?

Themajority of the luminous energy released by this cycle is from hydrogen fusion,
there is also a small contribution from the fusion of helium and heavier nuclei. The uni\
is full of galaxies that are in turn composed of stars. They buta pyabtagen

helium, heavier elements, and light. Fusion is responsible for the universal optical
infrared luminosity densities. The light released by fusion loses its energy through
intergalactic redshift, scattering, and absorption.

Current measurements indicate that photons lose about half of their energy after a jot
of ten billion light years through deep Jpaseneans every ten billidralyedrthe

u n i \emrtire fumiBoss output is lost tovdeeshdbes all of this energy go? The energy

is lost in intergalactic space. The only known energy radiating from deep space is the
Since the CMB is essentsdlyre®f energy emanating from everywhere in deep space it
Is reasonable to think ithist the direct or indirectpogduct of intergalactic redshift.
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This is why g included in the above sequence. The CMB carries energy until such time
it can be used to break down the elements that fusion forms in order to release hydr
and caplete the cosmic process. Thisusidinecycle

Stars have been burning hydrogen forever and require an endless, renewable supply
amount of energy in the universe does not change over time, so the only possible sou
new hydrogen fusthenucleiormedurindusion All forms of matter are recyclab&e

first law of cosmostasis. This recweesibility any formative process. The energy in

the light released by the fusion of protons must eventually be used to break them apar

The overwhel ming majority of the wuniwv
hydrogen fusion. The fusion of helium into carbon, for instance, only produces about 4
much energy per unit mass as hydrogen fusion. A great deal of sedrdpy is relea
supernovae, but this is negligible compared to the power generated by main sequence
over the course of their enoriifespans. In general, the fusion cycle will refer to all
types of fusion, but hydrogen fusion is the first step. t\Wiénreusino helium or

carbon fusion:

Y THEOREM 14.3 - FUSION CYCLE FUEL {Y 14.1}
HYDROGEN IS THE FUEL FOR THE FUSION CYCLE

Hydrogen fusion drives t dwilhermdefiveed asshed s
fusion cycleds beginning pea&is®0073. ThiSie e m:
the fraction of mass converted into energy when heliumitdaenag will be used

to denote the eneayeraged mass fracfiati @usion reactions in the universe, from the
controlled, slow burning of hydrogen to the catastrophic formation of carbon and iron
supernovae. Since hydrogen fusion proc
g,is close ta This ggoximation is more than sufficiently accurate for our calculations in
Part 1V, given the limited resolution available in the known universal parameters.

8§ DEFINITION 14.1 - UNIVERSAL MASS FRACTION
THE UNIVERSALLY AVERAGED MASS FRACTION OF ALL FgRMS OF FUSIC

The fusion cycle begins with the production of compound nuclei and light. It ends w
these recombine and compound reiclenaerted back into hydrogen. This cycle could
also be termed thasgaction cyolethebinding energy bgckuse its two functions are

to bind protons, converting part of their mass into light energy, and then use the ene
originally released 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 PRODW3AND PATHS

The fusion cycle burns hydrogen fuel, leavirgrodoadiy:

Y THEOREM 14.4 - FUSION CYCLE PRODUCTS {Y 14.1}
THE FUSI ON CYCLEOS PRODUCTS ARE:

(A)LUMINOUS ENERGY
(B)COMPOUND NUCLE]

As is often the case in an equilibrium system, energy flows through a number
intermediate stages. Most of the nuclei theyktlsiareates are stable and basically on
standby until its original luminous output can be captured to blast them apart into hydro
The key to understanding the entire process is finding the mechanisms responsibl
routing the compound nucleilamehous 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 i
stellar interior where they wermed. The star eventually burns out and leaves a cold
stellar remnant. In more massive stars, compound nuclei are scattered throughout
galactic disk by ejections and supernovae explosions, creating even heavier nuclei
processln generabnepound nuclei rentlaggataxieghere they were formed

Luminous energy, on the other hand, is released into space and propagates away frc
site of fusion at the velocity of light. During the course of itselitp; Hreas/erage star

emits travels billions of light years away from its source. Thus the fusion cycle splits
two paths. Compound nuclei take one path and light another. The end of this cycle oc
when they are recombined to liberate hydfoges.i onds products al
follow the same path through the cosmic engine:

Y THEOREM 14.5 - FUSION CYCLE PATHS {Y 14.1}
THE FUSION CYCLE DIVERGES INTO TWO PATHS:

(A)COSMIC LUMINOUS PATH (LUMINOUS ENERGY)
(B)COSMIC PROTON @&WPOUND NUCLEI)

Thesgaths separate at fusion and rejoin at the site of nuclear disassociation. The fi
cycle is the universeods | argest energy
to carry this energyis 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 radiatien)(intergalactic red shift, absorption) ?
(highenergy etfronment)-? (matter, antimatter)

It is not clear whether or not the gamma background radiation seen in space can be di
linked to the cosmic annihilation cycle. Nor is it even apparent that this cycle moves er
on an astronomical scale. Mattaantimatter might be utterly isolated from each other at
the | evel of parti al omni el ement s. At
neighborhood composed of matter, even one as thin as intergalactic space. That sal
Null Axiom reques a universe of half matter, half antimatter. Regardless of how
effectively these might be separated from each other, there will be a certain amour
annihilation, and particles will be lost to radiant energy. An ultrastatic universe make
necessato replace these particles.

The general instability of matter and antimatter in close proximity necessitates the exist
of containment units large enougatdwir ratio of surface area to volumeissecbns

with either the background gamma flux or the material density of space or both. Since
observed gamma flux is nearly ten orde
since much (if not all) of these gamma rays originate in thescdssescasmic
annihilation, the annihilation cycle is far slower and carries quite a bit less energy tha
fusion cycle Annihilation produces about 140 times more energy than fusion. Even
moderate amount of interaction between matter artdr datined an unmistakable
signature.

Unlike fusion, mati@ntimatter 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 r
rejoin per se and therefoeenot as intimately related as the fusion paths. Matter and
antimatter annihilate to produce energy. This is eventually absorbed to produce part
that in due course annihilate. The energy released in the annihilation cycle is pure gz
radiation. | t I snot carried by some ot her e nt
particles it ultimately creates. Annihilation is a cycle in terms of creation and destruct
but there is nmnderlying enéxgfer.F u si o n, by ¢ o mpoadestreyo n , (
elementary particles, so the protons circulating in [isowglelean enduring and
immutable foundatiomhis creates a sharply defined, contiguous loop that is not availab
to the annihilation cycle.
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There are a number of different gamynsources in the heavens, but few are at
annihilation energy (940 MEYV for protons). Gamma ray bursts typically have energies i
0.001 to 100 MEV rarigelf this is evidence of the cosmic annihilation cycle, they
originate from distances sbthedhey have been redshifted by a factor af-atll@ast

14.7 THE FOCUS IS FUSION

Fusion accounts for nearly all/l of the
focus on a detailed description oflibeh@dtenergy and protons follow to complete this
cycl e. For more informati on a bscale t he

antimatter distribution, please refer to Appendix K.

14.8 GENERAL CONCLUSIONS

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

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

x A cosmic mechanisas texistthatcombinethe energy and conmabuuclei
produced by fusion in order to prawidernal source of hydrogen.

x The wuniversal rate of fusionds hydro
its production by nuclear disassociation.

x  The universal density of luminous energy and matter is a product of an infinitely
equilibim system.

OQur goal iI's to identify and quantify al
fusion. Ultimately, this will lead to a detailed description of the role galaxies play
components of the wuni vmenrfolosv®fanctibnhhutrasiRart o u s
IV unfolds it will become clear that function also provides a great deal of insight about fc

The journey begins with t imtergalacticredshifts e 0 s
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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,
to the tired light concept Fritz Zwicky originally positiateslwhy the effect is linear

with distance. The farther the source, the more energy is lost, and the greater the red:
This is also why the structure of the universe looks so uniform; the only real motions in
heavens are the peculiar moti@natgdrby differences in mass distributions. These tend
to be no more than a few hundred km/s, not the significant fraqpnsedfby
universal expansion.

The concept of tired light has never had much success in modern cosmology because
(at least in its original form) to explain why distant sstyeathadewell as redshifted.
Supernovae provide the prima facie case for this. Tth&uratars curves tend to
broaden proportionately with distance. An event at a distance correspbndasy to (

on average, twice the duration of a local explosion. If photons are just losing energ
crossing space, why are they also bersgddalpng their path? Efforts to resolve tired

|l T ghtd6s dispersion problem have proven
the drama of the Big Bang, pushing cosmology away from the elegant truth Zwi
recognized.

Although Zwicky had the intuition to realize light was losing energy, he lacked the N
Axiom, thereby relegating tired light to just another untestable premise. Our approz
suffers no such limitations. It expands the concept significantly lyegoad Zwicki g i |
iIdea, resolves the signal dispersion issues, and is buoyed by the faotytipaissildehe
explanatibnor t he ef fect . No changes can oc
expand, It doesndt c al wié. r Ialight acquises d spectral w o
change after crossing billions of light years of deep space, this is the full extent of
phenomenon. Itis not a commentary on the dynamics of reality.

Intergalactic redshiis some surprising ramifications that provide the basis for other glob
phenomena, including the material density of the universe, the CMB field, and dark ma
Even Zwicky would probably have been surprised to learn just how important this pro
IS
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So why does light lose energy when traveling across broad gulfs of space? Why indee
phenomenon has some truly curious properties.

ANCIENT LIGHT

|l ntergal actic redshift is caused by ph
Cosmiequilibrium leaves no other alternative. It is a given and is just as certain as
conservation of energy it obeys. But what causes it?

Its characteristics are:

a) Proportional to distance for cosmically short distances. If light travelg twice as fal
loses twice the energy.

b) Proportional to photon energy. Visible light and radio waves from the same sou
lose the same fraction of their energy.

c) No associated scattering. Light reaching us from distant spiral galaxies prese
exquisite detaikot hei r di sksd structure.

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

e) Uniform broadening. The duration of a transient signal grows in direct proportion
the increased wavelength of the individual redshifted photons within it.

f) No refractive frequency dispersion, as is typical of an interaction between light ¢
matter . An anci ent pul seds red com
component, although the pulse itself is broadened in accordance with e) above.

One of intergalactic redshi ft Gvshouhemy e i
observable scattdfinigwere caused by a phkgtoton or photguarticle interaction,

every incremental energy loss weala lcarresponding change in direction. Scattering
related to a 5% loss is enough to make celestial images unrecognizable, yet our instru
show galaxies in pristine detail even at energy reductions greater than 10%. Also, scat
Is generally nbbhear with incident energy. It is rarely a situatioenslgyeloss is
proportional to the incident énatlggrmore, scattenaquires change of direction in

order to conserve momentum. Preservation of directional integrity withsan energy I
proportional to energy has no precedent in known physical interactions.
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|l ntergal actic redshiftds other (even m
absence of refractiveedsspn. Not only do photons attain longer wayéhenggiadial
separation between them incre@beslistance travelecespective of their individual
frequency The greater an objectds raange, t}
all frequendresn some remote source @&xpenj@edle amount of brodtdenimgans

there is far more to this effect than just the energy loss of individual photons. Moreover
lack of refractive dispersion indicatastehgdlacticishifts not caused by an interaction
between photomaatter

Our premise is that intergalactic redshift arises kinomreatity, because the
Cosmological Principle tellgergalactic space is similar to, albeit more sparse than, local
space. The only things found in deep space are:

1 Space.

1 A weak gravitational field.

{ Trace amounts of matter, the equivalent of ~3 hydrogen atoms/meter
1 TheCMB field.

9 Photons of various energies in addition to the CMB.

9 Neutrinos.

The dispersion (broadening) found kspdeepgnalss the pivotal consideration for
evaluating this .lisAncient photons do not lose energy as a result of collisions with
particles, other photons, or other entities in dee@apaicm#ould only cause the loss of
energy in individual phiotbns;y t waoeaske the distance thetweEnis effectively
eliminates the matter, neutrinos, and radiation laditesgace, leaving only space and

a weak universal gravitational field as possible redshift agents. Space is dimensi
distinct from energy and cannot interact selgitavitational interactimaomsy possible
sourceiofergalacticstatt

The universal gravitational background is the one entity in deep space capable of indu
loss of energy in ancient photons. The only other explanation is photons are intrinsi
unstable and spontaneously decay at a certain ratendiwi#ifike ibecause it fails to
address signal dispersion. Further, all interactions are causal; there is no such thi
oOospontaneousdé decay. Any transfor mat i
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external agent @hd only weak mechaaismmaabbver billions of ligbt geatsal space
gravity This process will be referredumasdecay

Y THEOREM 15.1 - LUMETIC DECAY {Y 4.2}
INTERGALACTIC REDSHIFT IS CAUSED BY THE UNIVERSAL GRAVITATION.

Ther e I S no viabl e alternative, but t
obvious.

15.2 LUMETIC DECAY

Gravitational fields produce a number
with light, all of ich have been well documented. Photons appear to lose energy wh
they move out of a gravitational well; they appear to gain energy upon falling into su:
well. They are deflected as they pass near massive objects. What iskntwguing is no
gravtational effect could possibly be responsible for lumetic decay. The photons traver
deep space move out of as many gravitational wells as they fall in. There should be |
frequency shift. While it is true they are also deflected arowstdrsugpatdalaxies,

this is an elastic interaction. Even if it were not, gravitationatldefiegtiondt c au s
dispersiorin short, lumetic decay is a new type ofgrhwoitational interaction. It
occurs between deep space photons amdridad gravitational field through which they
pass.

According to the General Theory of Rel ¢
elementary particles, photons, and neutve®spgre an average radius of curvature of
the forni’®

(15.1

wherer is universally average energy density in units of (energy/vétywiéd)band
called thgravitational radiuspace.

General Relativity relieavitg on the mathematical equivalence between free space
acceleration and the acceleration induced by a gravitational field. Space has no pt
reality in this theory. As such, Equation (15.1) refmeestfatdf internal spatial
distortion, nat he spati al d i s tnetintérnaladistortiont reeae$sdrily S
sums to zero as a consequence of its ¢yes\viesvresult of éseragpatial distortion.

Think of space as a sheet of rubber that has been unevenly steefodrdectygriat

floor. Its gravitational radius is the averaged effect of its internal nonlinearity.



24 k) 15. COSMIC LUMINOUS PATH

Even though Gener al Relativity does nof
and accurate generalization of the measurement dftspacearah can be used to
calculate the magnitude of lumetic decay. The easiest way to understand the curvatt
Equation (15.1) is to take the case of two photons moving down the same axis in curv
compared tuclidean (rectilinespace, depag two seconds apart:

10
2.08Is 2241s /
9

] // e

. N

o // //
Ve

/ Curved —

X
(Is)

//
I

(s)
Figure (15.1) Photons moving along an axisgbtitngaversus curved space, initially two seconds apart

Time is the horizontal axis, in seconds, and distance is the verticalesxaads (gt

This graph is lypically accurate representation of motion through space because time,
relation to motion, is the internal, foluriensional difference of space. It is an additional
di mension that does nephaegEmencr ease spaced

If space we perfectlyectilinearthe two photons shown in Figure (15.1) would follow the
dotted traces, always separated by a distance e$doantight However, due to its
energy content, space exhibits, on average, a slgjhtdosidhal curvaturdisThas

been markedly exaggerated (by a factd?) éhFigure (15.1) to make its effect visible.
The photonsd paths t hrdimeiarespdndsits theasolid i f i
traces. Three seconds after the first (red) photon depansatons are separated by

a distance of 2.08 Is. Four seconds later, they are separated by 2.24 Is. The space
universe exhibits such a small average curvature that this same deviatiorilvi2ould require
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billion yearsQurved space singdialexpansioronically, whereas Special Relativity
shows us that 1t 1 s not possible to di]
way to measure spatial curvature is to move through it.

Gr a vuniversd aurvature creates a differential velocity difference per uhiglistance.
Is what the Hubble constant.represents

dv_iz
E(_RG H, (15-3

A value of 60 tm/Mpc exposes light to a tiny differential velocity gradient df 1.95(10)
meters per second per meter. Althgigghsually evaluated in terms of megaparsecs of
distancespace is continswiLis, equally applicatiie 8pace wihin p htapblagy 6 s

Energycquisthe differential velocity of Equation (1&aylhpropagation. Since this
occurs along straight line trajectories through the third dimension, the Hubble cons
represents a tiny positive acceleratio
substructure accrues differential velomity att eady pace. A pho
traveled farther than its trailing edge by its wavelaedgting an internal velocity
gradient of the form:

dV:ﬂ:

Cc
- §/ =H,/ (15.3
Differential velocity generated by interaction with universal curvature strefches photc
causing a continuous expansion throughout their energy ditrbutiniverses n 0 t
expnding; intergalactic plawsons Mor eover , j ust as it e
structure, spatial curvature also creates differential velocityhdkengeerapsing a
general broadening of ancient signals in direct proportion to their redshift. From a Ic
perspective, photons, regardless of their age, appear to lmebubvima #rger scale
their effective speed along the path they haleptalas on their departure time relative
to other photons.

Although the universe is ultrastatic, it does have a relationship between time as chanc
time as dimensior}; manifests apatial expansion because it indumedirear
relationship ek e n di stance and ti me. Even t
phenomenological curvature represents a differential velaitiey etk field that

would exist if it were actually expanding. The difference between a billion light years r
and aillion light years a billion yearssagu lineaand gives the false impression of
universal expansion. Scientists have grossly misinterpreted the physical reality of gravi
in both of its most extreme environnidadk holes and deep space
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All photons movecaso it certainly seems like it should take the same amount of time tc
cross the same amount of space. But t
linear relationship bmé, and this is not possible when they move through space infuse
with fourtldimensional curvature.

In summary, universal curvature causes photons to expand on their epic journey acros:
space. This results in an isotropic redshift of abbsighstarft sources, the magnitude

of which is roughly proportional to their distance fronTHeanthergalactic redshift of
photons is nothing more than a direct measurement of the average universal curvature
General Theory of Relativ

Y THEOREM 15.2 - LUMETIC DECAY EXPANSION {Y 15.1}
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 notonly wiong i s unnecessary and r
average spatial curvature is already known to exist. It osgitefidtayvand the fact

that it emulates universal expansion is certaomigisdence. Nor is the fact that the
magni tude of iIts effect (redshi ft) S
Michelson and Morley demonstrated, in 1887, thist ispaee material thidmy
distortion it experiences is by tawfifourtkdimensional. Cosmologists have chosen to
ignore this fact when they claim that space is somehow expanding upon itself.

Lumetic decay is not | imited to a phot
field is isotropic,and soteef or e I s t he expansion it ca
spati al footprint along all t hree of i

expansion causes.

LUMETI C DEGKNKAESS ENER

Simplify Equation (15.3):
d/

=t (15.9

Solve fawvavelength:
/ =16 (15.5

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

Hot

1 E
—e°- E= Hot
E, e

- E=Ege" (15.9

m|+

When a photon expands over time, it has to relgaiseoederdo 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 (158), phot ond6s energy | oss rate 1is
_ - Hot dE_ - Ht
E= Eoe - a - HoEoe (15.7)

Energy loss rgkr unit endsgthe Hubble constant:

a1@®dJEG_ H E,e ™
=2 > =H
SExdts Ee ° (15.8)
Decay rate is not a function of gravitational potential, but rather the bdistagespatia
caused by energyds presence. Thus it i

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
freqency band is simply the product of its total energy density and the Hubble constant:

E:HOrE

dr é
dt 1

re=e” d/§ (15.9)

Distant objects appear to lose surface brightness far more rapidly than an exponential
would suggest, but this is only because the optical bagig marsdatiand has virtually

no energy density above it. Please see Appendix M for a detailed analysis of the relati
between surface brightness loss and redshift.
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The relationship between photon energy, distance traveled, and redshift follows fr
Equation (15.6):

o ~ o o 6
X = NESEE In(z+1) (15.10
éﬁ?og ¢CE+ ¢ :
On object with a redshifizef), for instance, is ~30 billion light years from Earth.

15.3 DECAY VERSUS RECESSION

Before delving more deeply i nto | umetic
briefly compares energy loss profile with the expanding universe concept in acceleratir
and nowccelerating formulatio&snplified versions of both are presented below. They
do not contain many of the Big d@&eatlygds ¢
representative for the purposes of this section.

The relationship between addlgepc e phot onds energy | oss
universe with uniform expansion has the form:

_ c- xH,
E=E, /C+XHO (15.11)

This restricts the obdeivee uni ver seds si ze, since a
distance greater tha ). Cosmologists have recently (at least as compared to the
introduction of the original expanding universe concept) embraced the idea of a univi
expansion wbe rate changes with time.

In themost straightforwarehditionof theacceleratiagpanding universe, the Hubble
constans a linear function of distamcktfierefotene) of the form:

Ho(x) = (1- a,x)H, (15.12)

whereg,;i s t he accel er aansiomimunits bf distdnegis posilive e r s e
for an accelerating universe because the Hubble constant needs to be smaller in the
the rate of universal expansion were actually incheasnagydgbs associated with
accelermn is somewat more complex than for the uniform expansion of Equation
(15.11):

2
E= EO\/C' (x- & x)H, (15.13)
c+(X- a,Xx")H,
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Compare lumetic decay to theitamifie@xpanding universe models

1.00

0.90 \
0.80]

0.70

Observational Limit

0.60

1.4%/Gly)

0.50 - Acceleration

0.40 N

0.30 \

0.20

Fraction of Initial Energy

(Hp = 60 Hz-Km/Mpc, ay

0.10

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Distance
(Gly)

Figure (15.3) Lumetic decay versamipldiedersions of the expanding universe

The orange trace ending at ~16 Gly is of the constant exgéansidre meal trace

ending at.2Gly isheaccelerating expansion nbéejuation (15.18ixh arg, of 1.46

per Gly. The green trace extending past 30 Gly is lumetic decay. As shown in the gra
became necessary f ocelerathin theuBigiBang madel besause X |
longdistance measurements of supernovae (>4 Gly) are clearly more consistent v
lumetic decay than with a fixed rate of exffaAsitong as the Big Bang is the dominant
cosmologyts expansion/acceleraparfile will have to be repeatadilysted as new
technology allows astronomers to penetrate more deeply into space. Indeed, timin
everything in science. If Einstein would have predicted intergalactic redshift based ot
universal curvature resgliby 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 distanc
about 11 Gly. Photon age is given byEsplaitngn (15.6) for time:

QJo

ail LE

éﬁ_lo

Lumeti@alflifeis the special case where the energy ratio in Equation (15.14) is 0.5:

n (15.12

|- O}_)Oz
- ODOz

0

_-1In(0.5)
ly= H, (15.15

This is not the average time it takes for a decay to occur. The smoothness of the re
distribution indicatasleast a hundred decays occur prior to reaching a 50% energy los
Equat i on -lifels3he time jegused foraalplioton to lose half its energy.

A Hubble constant of 6ekAVIpc corresponds to a photofifeadf 11.3 Gyr. The
Hubble constant is thought to lie somewhere between 5ekaritV1B&*FIZT his puts
lumetic halffe in the range {8 Gyr< 13.6 Gyr}.

15.4 UNIVERSAL DENSITY

The Hubble constant measures theectebfethe strained geometry of-tapaces
presented earlier by Equation (15.2):
Hy=—
" R

Substituting Equation (15.1Rferi el ds t he Hubbl e constant
average energy density:

H, = 4"fo (15.16
Solve for energy density:
_Hie?
Ly (15.17

or4.0(10}°J/m*at a Hubble constant of 6knikpc.
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The universeds average energy density i
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Figure (15.4) Relationship between Hutsiknt and average universal energy density

The vertical line indicates the best current estimate of the Hubble constant using supert
as standard candl es. dertsity ptwaibost 2.7 hydrogenn i v
atoms per cubic meter. This is consistent with the estimates of the total amount of matt
space and supports the idea that the majority of it is nonluminous. The horizontal |
reflect the amount of error thoughttently exist in the Hubble constant, from 50 to 85
Hzkm/Mpc. This corresponds to a fairly wide (~3x) range of universal energy densit
{2.8(10)'° J/m® < r, < 8.1(10)° J/m%}. Luminous matter, whose energy density is
estimated to be on the ordet @t J/m®=* constitutes only a small fraction--3¢%%o

of the universeds average energy densit

UNIVERSAL COMPOSINIO

Il n accordance with natur eos origisatesfeom si n
matter. This means every photon or neutrino throughout space at this very moment
direct relationship to binding energy
chemical binding energy is negligible in comparisodlgarjtsthh e uradiante r s e
energy density is the difference between the magstdessitytioé fnegess density of
compound nuél#hough annihilation is also a source of radiant energy, the gamma flux
space is so small that isdrasity equivalent is insignificant.
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The cosmic balance between compound nuclear matter and electromagnetic energy d
will be referred to@srespondence

Y THEOREM 15.3 - MATTER-ENERGY CORRESPONDENCE {Y 4.9}
THERE IS A ONIONE CORRESPONDENCE BETWEEN MATTER FIELD

POTENTIAL AND PHOTON/NEUTRINO/KINETIC ENERGY

This occurs exclusively in termasnoé rqgaytigsd has no relationship to quantal
number. The binding energy between two nucleons, for instance, might eventually take
form of millions of CMB photons, but the primary consideration is underlying magnituc
not quantal configunatio

Matterenergy correspondence can be expressed mathematically as:
ry = /‘gr‘rbcz = /‘MC2 (1518)

wherer,, is the product of the numeril density of therguni ver
and their fregpace rest massgs, |l n other words, I foall

unbound and at no potential, gravitational or otherwise, the sum of their rest energ
would be precigel e q u a | to the universeds total [

In essence, the temporal closti® petween matter and (photons/neutrinos) requires
the sum tot al o f nowishaad nautrinowerergy te lie $alakcechbg and ¢
eqgual to the negative potential of all of its particles, primarily protons. Thus:

Frt ke @erpcz-i-ng (15.19)

wherer,,is the universally average concentration of bound.ahenayerage density

of all radiant egg, and. i s matter 6s average gravitat
shown as a ¢l ose approximation because
potential contribution is negligible, has been excluded. Solve for the concentration
bound protons:

o

alg¥/lrye- e, Q
2Q
fbp@f: ec O (15.20)
Most of the universeds mass is dar k, S
compact objects tend to emit radio amahdrigy radiation. Since the cosmic density of
such sources | s s manhaks,exista @atsatrelativély wedk average i

gravitational potential.
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Applying these provisions to Equation (15.20) yields:

r
rbp @QJ_;Z (1521)

NEUTRINO DENSITY

Given neutrinosd r e maetiokdaohd njghtshmlathat thea b s o
equiliblum number density in an eternal universe is extraordinarily high. This is not t
case. Neutrinos move at the speed of light, so they decay just like electromagr
radiation, and the only neutrino sources with significant luminosity are transient
sypernovae or compact objects experiencing a change of state. Thus their universal d
is fairly small. Mattrergy correspondence is consistent with this, as it also requires
low universal neutrino density. Neutrinos are only releasedrgy dhé&denplarticles.
Even if al | of the univer seodsommmntatyer w
cosmic neutrino energy density would be orders of magnitude less than the electromac
radiation released from the mass fraction thifeakk dbbund particles. For additional
information about neutrinos, please refer to Appendix N

Whenneutrino and other ldensity radiant bands, such as gamma and rade wave,
omitted from Equation (15)21the result i$ h e uni ver seds aver
concentration as a functitreofost prominent luminous backgrounds in space:

Fegt gt Mowr

r B
rbp@ R2@ g

e s (15.22)

or 9(10¥°kg/m?® using the values listed in Appendix C.

DARK HYDROGEN

Measurement loiminounat t er density doesnot reveal
since it originates from a mixture of free (hydrogen) and bound protons. Equation (15.
does, however, in concert with Figure (15.4), indicate that the universe is composed
large fraction of nonluminous material. Although modern cosmology is full of specula
about a host of exotic dark matter candidates, such as gravitonschZdbd$8&ES an
there is really only one viable contender for the missing enenggmbeesity
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El ectrons constitute only ~0.05% of th
close to the sum of its free and bound proton concentrations:

Fa @ro+ry, (15.23)

wherer,is the density of free protons (hydrogen).

The universally avefegetionf bound protons is given by the ratio of Equa#igns (15.
and (15.17):

4G\ +r  +r
fbp @ /x;( Bg . Ig2 CMB)
Hig,c

(15.24)

or 2% at a Hubble constant of &Hizpc. The univernseabout 98% hydrogen (and
anthydrogen). This fraction is inversely proportional to the square of the Hubble const
so is fairly sensitivatsovalue. If the Hubble constant isl&/Mpc, the universe is

97.3% hydrogen; at 85kHEMpc, it is 99%. Astronomers have estimated the
composition of luminous matter to be about ~70% hydrogen, ~25% helium, and perh:e
~5% other elemerits. Equation (15.24) indicates that dark matter is overwhelmingly
hydrogenFor 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 s
form of replenishment, the amount of time it would take the universe to consume all of
available fuel is given by tiloeofats fuel density to total luminosity density. This will be
called itkusion endurance

t =

e

(1- fbp)eU ry

Ir

(15.25)

At (f,,= 0.02), with the values given in Appendix C, and in the absence of some form
hydogen renewal, it would require ~45 trillion years for the universe to exhaust its fuel.
staronly busithe hydrogentsncore regiotich accstiot about 10%itetmass. Since
luminous matedpfesents at +v28stof all mass, less ®am0the universe is on fire, and
thsfire is exceptionallpsloing.

The value of luminosity depsityed in Equation (15.25) was averaged over the entire
universe to include extensive stretches lbf empsy intergalactic space. A similar
calculation can be done for individual galaxies to show that their fuel consumptior
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appreciably highéggalactiktision endurance is given by a slight modification of Equation
(15.25), with the simplifyingrapsion that the bound proton fraction is the same:

. _ - f)aMmge?
° L

9

(15.26)

whereMfand,ar e a gal axyds mass and | uminosi
the Milky Way, for instance, has an estimated power output ¥¥*1°4dd)mass of

8(10¥ kg** Its total fuel reserve (at a composition of 98% hydrogen) is about 2% of tr
universal average, 1.1 trillion years.

15.5 LUMINOUS LIMIT

The original vemras® on of Ol bersd paradox

df the universe is infinite, then a line extending irframy Eartictioauld
eventually inteesects t a.r 0 sWhyw r if @ @ Propgodeesolationg ht s k
Because the uniensedis

Once more ag learned about the breadth and low density of the heavens, it became ¢
that light would probably be scattered long before it traveled the distance necessary to
Ol bersd evenings white. But i tedtosaner gy
more modern, thermodynamic férm:

df the universafinite thehe luminous output of stars would quickly build to the
point whereaitsumulated heat would burn nonlumimmhsdoigeptanets
Proposed solufidmi s gdpeftsesansé the umiverse is expanding, lowering its
energy density, coolingat dow

Neither of these interpretations is even marginally close to the mark. There is a far n
interesting reason why space is a cillinAai infinite, nonexpandimgerse.

Fusion is by far the universeods | arges
power logsven though this effect is weak and requires billions of years to cause a signif
energy deficit individual photons, its universal consequence is sgiggerthg. light

given off ayluminous olsigetays over timeuthalatiemergy in space associated with any
luminous object isdimAé&er a given length of time, the lbsslulnetio decay of prior

l umi nous output will Dbalance an objectd
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LetL be the luminosity of some celestial object such as a star or galaxy. The ener
radiates in some small time interval is initially given by:

dE= Ldt (15.27)

Since luminous energy decays according to the Hubble constant, the energy in
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 r
output from some initial timeq) to its current age,

(15.29

which evaluates to:
(15.30

This is assuming the physical size of celestial objects is small in comparison to the ot
lumetic decay, as is the case. The luminous pwsbgabdxiesless thanQLB&ly in

radius, andlmet i ¢ decay doesnd6t have much of
light years. Equation (15.30) also assumes the rate of absorption of luminous ener
intergalactic space is small ilmmalatlumetic decay, which is also the case. Decay is
weak, but deep space absorption is orders of magnittifie weaker.

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

(15.3)

Lumetic decay reduces the luminous legacy of celestial objects so effectively that thet
limit to the amount of energy they can maintain in space. The energy of Equation (15
will be referred to asltmainous limit

Y THEOREM 15.4 - LUMINOUS LIMIT {Y 15.2}
THE LUMETI C DECAY RATE OF ANY CELEST

OUTPUT WILL EVENTUALLY BALANCE ITS CURRENT LUMINOUS OUTPUT



