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ABSTRACT

The Hubble diagram continues to remain on¢hefmost important graphical representations in the realm of
astronomy and cosmology right from its genesis that depicts the veflisiynce relation for the receding
large-scale structures within the obsdnl@ Universe it is the diagram that helps ue understandthe
expansion of the Universén this paper lintroducethe molecularexpansiormodel in order to explain the
expansion of the Universe. The molecukexpansionmodel considers the distribution of largeale
structures as molecules inside a vacuum chamber. Sinceskalge structures are ensemble of atoms,
therefore, they can be treated as molecules possessing finite amount of energy. Instead of constdering tha
space is expanding, the paper emphasizes upon the actual recession-séd@rgaructures. The study
conducted in this paper finds the recessional behaviour of-dg@aje structures to be consistent with the
recessional behaviour of molecul&®edshft-distancerelation has been plotted for 589QpE la supernovae
from the Supernova Cosmology Projeahd the reason for the deviation of the Hubble diagram from
exhibiting a lineamredshiftdistancerelation for the structures belonging to the remotevéhse has been
explained by introducingthreoncept of “ a.clbiscbneeptdurthesxplairsghle reaasan for the
observedaccelerating expansion of the Universeis suggested through this concepatttaccelerating
structuresdelonging to lhe remote Universeill attain a constamecessional velocity in future.
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1 INTRODUCTION than expansion of spadeetween themSection 7brings
actual gas molecules into consideration to further study

The revolutionizing discovery by Sir Edwin Hubble in d firmth ional behavi £
1929 from his observations of distant galaxies fronyompareand con Irmthe recessional behaviour of large

Mount Wilson Observatory in California not only proved scale structures witbxpandinggasm.olecules, Seqtion 8
that the Universe was expanding, léapaved a new way looks intothe deviation of Hubble diagram from linearity

' ) at high redshiftsand the accelerating expansion of the
for modern astronomy andsmology. The light from all Universe, while Section 9 imgs in the concept of
the galaxies that were being obged was found to be “accelera;tion phase to account for the observed
redshifted, suggestirthat the galaxies were moving away

from one another and the Universe was expanding anaqcceleratmg expansion of the Universe.

was not at all “static” aiE%gARISKB)NrC%:VTiHE%ﬁl\l/E)hSé)&NanTglEConSid

Sir Edwin Hubble obtained linear diagramby plotting EXPANSION OF GAS MOLECULES: THE

the velocitydistance relation for theeceding largescale
structures a diagram that changed our perspectif¢he MOLECULAR  EXPANSION MODEL

Universe forever...... the Hubble diagramThe linear Certain questions that should undoubtedly arise while
relationship obtained while plotting the Hubble diagramooking at the Hubble diagram arewhy is the Hubble
depicts h e Hubbl e’ s Il aw a ¢ ¢ diagtamnligear?t Iro factwwhiy shiould it beelinedrfie
recessional velocity of a largeale structure is directly Hubble diagramand therefore the expansion of the
proportional to its distance, that is, the further away &niversecan be explained very effectivelfywe consider
large-scale structure is, the faster it will be receding awayhe distribution of largescale structures as molecules
from us. The slope of the straightdi yields the Hubble inside a vacuum chamber. Since molecules recede by the
constant which was originally denoted by Sir Edwinvirtue of the energy possessed by them, therefore, the
Hubble by the letteK. The Hubble constant gives the ratesame logichas beerapplied to the receding largeale
of expansion of the Universe while its reciprocal gives thatructures as welthat is, the largescale structures recede
Hubble time or the age of the Universe. by the virtueof the energy possessed by them instead of
The aim of thigpaperis to explain the expansion of the energy being possessed by empty spatsn, molecules
Universeon the basis ofthe molecularexpansionmodel undergo actual recession rather than expansion of space
which has been intragted in Section 2. Sectionl8oks between them
into the energy that causes the recession of {scgke Since the largecale struatres are constituted atoms
structures Section 4showsthat the largescale stuctures and molecular matter, therefore, thereni®re probability
possess energy byhe virtue of which they receddén that they will be possessing energy instead of energy
Section 5 the recessional behaviour of largeale being possessed by empty space. Now if receding-large
structures is found to bim perfectagreemenwith the scale structures are being consideredgasmolecules,
recessional behawr of molecules thereby suggesting then they must exhibit certain properties or behaviour that
the actual recessionf largesale structuresin Section 6 shouldperfectlymatch with the properties or behaviour of
| discuss that th@bservedredshiftsexhibited by large actual gas moleculamdergoing expansion
scale structuresre due to thie actual recession rather
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3 ENERGY THAT CAUSES THE RECESSION . O .
OF A LARGE-SCALE STRUCTURE: WHY o QY o
SHOULD A LARGE-SCALE STRUCTURE
RECEDE ? where k is the Boltzmann constant and is the
temperature. Usingquation(3), we obtain the energy per
proton corresponding to a temperature of®10 to be
2.0709 x 10° J. Total energy possessed by the galaxy
o Pau P cluster therefore equates to 4.9523 X' 10
G Now, usingequation(2), we will obtain the value of
recessional velocity that the cluster vattain and thisis
found to be 1,573,578.724 nt 1.5 x10° m s%). This is
_ just an approximatianFor comparison, the recessional
. qe) velocity of Norma Cluster is 4,707 kmi" §4.707 x10°
v a G m s%) (NED 2006 results). Higher ecessional velocities
are also possible if the energy possessed by the-large
cale structure is sudfently largeand the mass is less
or instancefor a 2 x 16°> Mg (4 x 10° kg) galaxy

The energypossessed by avbjectmoving with velocity
Vis given as

Equation(1) can beexpressed in terms of velocity as,

Equation(2) suggests that an object possessing sufficien
amount of energy wilfecedewith certain velocity.This cluster toexhibit recessional velocity Gf x 16 m s, the

is exactly what is observed in the case of a molecule, th%tnergy possees byit must be 9.8 10° J.On the ’other

is, if the molecule gains more enerthan before, then hand, for a 1d° Mo (2 x 1G° kg)' galaxydr a quasato
according toequation(2) the velocity of the molecule exhib’it an equalecessional velocity of 7 x £n s?, the

will increase Now, since a largscale structure possessesenergy possessed by thenust be 4.9 x 19 J (2 x 16
sufficient amount of energ{Section 4) therefore, such times less energy than the energy possessed by the
structure will recede with a velocity according to massivegalaxy cluster)

equatjon(Z). Equation (2) is iragreement V\.'ith the actual. It has been observed th#tte most distant celestial
velocity equations for gas molecules as given by equat'OBbjects (billiors of light-yearsaway) exhibit very high

(4) andequgt|or(5). s . recessional velocitiemas evident from their redshifts
I_n an environmenivhere gravitationaorceis stronger_, Such distant structures reveal themselt@aus as they
l 'III kte 0 rlh Egtttn(teedergi;spossesseit?anle?cbjectwere billions of years ago when the Universe was
will not cause the olgct to rece €, as gravitational force comparativelyyounger than it is today. Since the early
takes over, however, molecule is a exceptlon n this Universe was much more energetic than it is today,
;:hase.f Smcethel malss_ of dﬁﬂ mole?jule_ 'Sf_ m"t]luscme’therefore, it isvery likely that the struatres during that
Eere otre}ae}_tgp eClI“fa IS nth uenced signi |cadn g/by energetic ergpossessed surplusmountof energy that
al r Igt Vi |on?t olr)ce € tenetrrg]]y pt(?‘ssee 'tyt'a Imadethem recede with such highecessionalvelocity.
moleculeturns out to be greater than the gravitational o not know the present degcessionalelocity of

force acting upon it, and therefore the mo!e(_:ul'e receole§uch distantelestialobjects sinceve are observing them
purely by the virtue oenergypossessed by.iSimilarly, how those structures werebillions of years ago.

in deep space environmesince the largscale structures Therefore, t would be more accuratéf we obtain the

readily recede way from one another, thereforéne instantaneousamount of energy possessed by a large

?l:aw:ﬁtlonal mquencebetwee?h thlm has tol betwe?ker scale structure from iimstantaneousecessional velocity
anthe energy possesséy the largescale structure after all it is the energy possessed by largescale

that causes theto re_cedeaway from one another structurethat is causing it to recede.
According toequation(2), for a largescale structure to

exhibit higher recessional velocity, the energy possesse{g RECEDING LARGE-SCALE STRUCTURES

by it should be sufficiently largand themass should be AND RECEDING GAS MOLECULES EXHIBIT
less So if equal amount of energy is possessed by 3\ SIMILAR BEHAVIOUR

gdaxy and a galaxy cluster, thehe galaxy will exhibit

higher recessional velocity as compared to the galaxit is always observedthat the highest recessional
cluster On the other handf, the recessional velocityf a  velocities are exhibited by the most distgataxies and
galaxy and a galaxy cluster are equal, then the galaxy wijuasars andot by galaxy clusters as evident from their
be found to possess less amount of energy as comparedresishifts. Galaxy clusters being extremely massare

the galaxy clustefSection 4) unable to efficiently utilize the energy possessed by them
to exhibit such highrecessionalvelocities as those

4 THE ENERGY POSSESSED BY A exhibited by such distant galaxieand quasarsvhich

LARGE -SCALE STRUCTURE comparatively are very much less massive than galaxy

clusters.This is in perfecagreement with the recessional
d by themstead of bei 4 b behaviour of molecules, that is, a lighter molecule
possessed by themstead ol energy Deing POSSESSed BYqceqes faster as compared to a massive molecule even
empty space?l’o validate this claim considea galaxy when they both possess an equal amount of er{segy
cluster.Since the mass of galaxy clusters usually rangeg,ple 2 Graph 1and Table 3 Graph 2) A lighter

5 .
between wl Mo and .101 Mo, therefore, it V.VOUId be olecule will herefore cover a larger distance with time
pgrfeftlzy flnlebstoMconjlderlgsglflaX)I/: clustg]r_ with mass Os compared to the massive molecule; a lighter molecule
abou X o (4x 9)- rom thiS mass We i therefore become the most distant molecule as
obtain the total number ofrptonsmaking the cluster to compared to the massive molecueéGrapts 1 to5)
be2.3914 x 16 (not consideringfark matter). Galaxies and quasardeing less massive than galaxy

The temperature of massivgalaxy clusters is clusters exhilii higher recessional velocities and

dominated by the exiremely hot intr'c_lclus_ter meOIiumtherefore theymanage to become the most distant
(ICM) at 10 K. The energy pemolecule, in this case the structures within the observable Universelhe

protonis givenas recessional behaviour ofargescale structures being

Largescale structures recede by thetwér of the energy
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Molecules may explain thexpansion of the Universe 3

consistent with the recessional behaviour of moleculesxpansionmodel. The mass of the gas molecules has
suggests the actual recession of lesgale structures and been obtained in Table 1. The mass of gas molecules
validates thecredibility of the molecular expansion increases from Hydrogen onwards; Hydrogen is the least

model to some extent. massive molecule, whereas Radon is the most massive
molecule. Hydrogen molecule can thereforbe

6 REDSHIFTS: COSMOLOGICAL OR considered analogous to a galasty a quasarwhereas

DOPPLER ? Radon molecule can be considered analogous to a

massive galaxy cluster. All these gas molecules are
initially contained before they are allowed to expand
freely into the vacuumThe gas moleculewill expand
freely andrecedeinto the vacuunby the virtue of the
energy possessed by them at particular temperature as
given by equation (3), while their recessional velocity
due the energy possessed by them is given by equation
(2). Equation (2) is in greement with the actuaklocity
equatios for gas moleculegiven as,

It is firmly believed that largscale structures are
stationary and thalistance between them is increasing
due to metric expansion of space between th8och
expansion causethe light emitted by thdargescale
structuresto get stretcheqcosmological redshift Such
firm belief involving the concept of metric expansioh
spacearises undoubtedly due to the fact that nahtan
travel faster than lightAll receding structures exhibiting
redshiftsalsosuggestsnetric expansion of space between
them. An expansion that is homogeneous and isotropic -
also suggests the samelowever, if the largescale . oY’y
structures are actually receding away from each other, v o T
just like expandinggasmolecules, then the light emitted
by them would still undergo redshifting due to theand,
involvement of actual recessigather than expansion of S
space bieveen then{Doppler redshift i aQ’yY

In the previous sectiothe recessional behiaur of v = v
large-scale structures vgafound to be consistent with the
recessional behaviour of moleculdéise light from a very
distantgalaxyanda quasais redshiftedto higher extent
as compared to the light from a galaxy clustgalgxies
and quasarseing less massivthan a galaxy cluster
exhibit higher recessional velocitiesd therefore they
manage to become the most distant struciurssch
consistent behaviou of largescale structures with
molecules suggests their actual recessiather than
expansion of space between thdfspace between the X / X
large scalestructures was expandinthen even massive Ccovered by them in 1 second (observation time)deses
galaxy clusters shoulde exhibiting redshifts as high as calculated. In Table 3, atholecules are still at the same

or even higher than erhighestredshiftsexhibited bythe temperature of 3K, however, the observation tim_e has
most distanalaxies and quasars. been increased to 60 seconds. In Table 4, thereofison

time is 1 second, andvery molecule is at different
7 PLOTTING THE GAS MOLECULES temperaturgtherefore, the energy possessed dwery

molecule will also be different In Table 5, every
Consider a spherical metallic vessel filled with gasmolecule isstill at different temperature, however, the
molecules. This vessel is placed somewhere in thgpservation time has been increased to 60 secdnds.
Universe. The mass dadvery gas molecule inside this Table § the observation time is 60 seconds, @wery
vessel is different and therefore unique. The motion ofas moleculés subjected ta very high temperaturand
molecules within the vessel will be random; thethe temperaturedifference isvery large therefore,the
molecules will collide with one another as well as with energy possessed byerymoleculewill bedifferentby a
the walls of this metallic vessélVe want to witness the sjgnificant amounas compared to the previous settings
gas moécules expand freely in every direction, if we From the tables (Table 2 to Table, &he velocity
open the lid, then the molecules would escape out into thgistancerelation for thegas molecules hadveen plotted
vacuum of theJniverse just from tat particular opening (Graph 1 to Graph )5 Surprisingly, the straight line
available andthere would not be any expansion of obtained is remarkably similar to the stiaigline
molecules in every direction, therefore, éosure free obtained in the Hubbleiagram @epiction ofHu b bl e’ s
expansion of molecules in every direction, imagine thataw) (Figure ) which is also the velocitdistance
the walls of this metallic vessel disappear. As soon as thg|ation plot for the receding largescale #uctures.
walls disappear, the molecules will expand freely i”According totheHub bl e’ s | aw, the rece
every direction. The molecules will move along thata largescale structure is directly proportional to its
direction along whictthey were moving when the walls distance, that is, the further away a lasgale structure
of the vessel disappeared. Sinttee molecules were js, the faster it will be receding away from us. Therefore,

whereR is the gas constari,is the temperaturé/ is the
molecular mass (kg md) of the gas, that is, M/1000
(see M from Table 1X% is the Boltzmann constant and
is the mass ahemolecule in kg.

In Table 2, all gas molecules are at same temperature of
303 K, the energy possessed by gverolecule will
therefore beequal The recessional velocity of the
molecules is obtained from equation (2) and the distance

moving in all possible directions when they wereaccordingtdcheHubbl e’ s | aw,
contained, therefore, as soon as the walls of the vessel
vanish, the molecules willexpand freely in every 0 "Ogo )

direction. When the molecules expand freely, the
probability that they will collide with one another is &d;
extremely low.

With such arrangement availableleven gaseous
elements from the Periodic Table, right from Hydrogen to
Radon have been considered to prove the mtdec wherev is the recessional velocity of the largeale

IO U
0 X
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structure,D is its distance from us and is the Hubble
constant. The reciprocal of the Hubble constahtdives
us the Hubble time which is the age of the Universe.

Now this is found to be true for the gas moleculesand

under consideration as well. From the tables (Table 2 t
Table 5) and graph@raph 1 to Graph 4), it can be seen

In Graph 5 Table 6 the energy possessed byery
moleculeis different and so is their mass, therefore, there
is no segregatiomf moleculesaccording totheir mass
the molecules are distributeHomogerously
orespective of their mass. However, it can be seen that
themost distant molecule is still the lightest and therefore

that the highest recessional velocity is exhibited by thehe fastestreceding moleculeThis is consistent with

Hydrogen molecule, followed by Helium, whereas the

actual observationof receding largescale structures

lowest recessional velocity is found to be exhibited by thewithin the observable Universe. Since the energy

Radon molecule. Hydrogen molecule being less imass
exhibits higher recessional velocity as compared to th
massive Radon moleculie Table 6 Graph 5, the highest
recessional velocity is stillbeing exhibited by tle
Hydrogen moleculeHelium which previously remained
the ®cond fastest receding molézwbehind Hydrogen
has been replaced by Nitrogen. SimilaRadonwhich

possessed by every receding lasgak structure is
different and so is theimass, therefore, we observe a
homogemrous distribution of largscale structures within
the Universérrespective otheir massHowever, when it
comesto the most distant structures such as galaxies and
quasarsthen they are indeed the lightest and therefore
the fastest receding objects as camggl to massive

previously remained the slowest receding molecule hagalaxy clusters.

been replaced by XenoSuch change has occurred due
to the involvement ofargetemperature differenceSuch
large differencesin temperature influencehe errgy
possessed by the molecules, thereby affectingir
recessional velocitietoo. But no matter how the data
changesfor the gas moleculeghe graphscontinue to
remainlinear,. Ther ef or e, just wei k
can say thathe recessional velocity afasmolecules is

Plotting the velocitydistance relation for receding gas
molecules is same as plotting the velodligtance
relation for receding largscale structuregthe Hubble
diagram) If we were able to observe the receding gas
molecules and plot them in terms of veloditigtance
relation then we will get the Hubble diagram. Algaan
e seerhfrem thtumolbclilar plets thatanatter on which
molecule we would be situated upon, atthermolecules

directly proportional to their distance, that is, the furtherwill exhibit redshift there isexpansion in every direction
away a molecule is, the faster it is receding away from ughere is no preferred centfEhis is in agreement with the
The Slope of this straight line is also remarkably similarCopernican principleas well as with homogeneous and

to the HubbleconstaniH) (the slope of Hubble diagram)
since its reciprocal givesis the observation time in
seconds just like the Hubble the obtained from the
reciprocal ofH. Furthermore, théollowing equations,

0 “Ya € B0 W
and,
0
Ya €[ Q ®

are also found to be obey by the gas molecul@sst like
the receding largscale structures. In the above
equationsy is the recessional velocity of the molecules

isotropic expansion.

The similar linear relationship obtained while plotting
the velocitydistance relation plot fothe recedimg large
scale structures and theceding gas molecules is neither
any coincidencenor any adjustmentit is only because
the reeding largescale structures behave like receding
gas molecules that theelocity-distance relatiorplots
turn out to be remarkably same.

Since gas molecules exhibit Hubble diagram and obey
all Hubble equations solely due to their recession by the
virtue of the energy possessed by them, therefore, the
largescale structures that are known to exhibit Hubble
diagram and obey all Hubble equations have to be
receding solely by the virtue of the energy possessed by

andD is the distance covered by the molecules within thehem.

given time frame. Since the velocitjstancerelation
plot for receding largescale structures is similar to the
velocity-distancerelationplot for recedinggas molecules,
therefore, the moleculaxpansion model holdstrue for
the receding largscale structuresThe gas molecules
and the largescale structures gedrrangedin terms of
velocity and distance Their mass and the energy
possessed by theplay avital role in determining their
velocity-distance relation

If the energy possessed by every receding laogde
structure was equal, then the lagmale structures would
have been segregateatcording totheir mass. Their
velocity-distance relation in such scenario would have
been in such a way, that the most distant structure woul
be the lightest and the fastest, whereas the structu
nearest to us would be the most massive and the slowe
This can beseen in the wlecular plots (Graph;Trable 2
and Graph 2 Table 3, the mass of every molecule is

A

ecessional Velocity (km s!)

[

|
Distance (Mpc)

Figure 1. The Hubble @égram Velocity-distancerelation plot for
receding largescale structuresthe slope of hie straight lineis the

different, but the energy possessed by them is equadfubble constan(H). The reciprocal of the Hubble constaht)(

therefore, the molecules get segregatecbrding tatheir
mass It can be seen thahé mass of the meculesis
decreasing with distance, while the recessional
velocities are increasing with distanceTherefore the
most distant molecule is not only the light, but it is
also the fastest receding molecule.

gives us the age of the Univergtubble time) The Hubble thgram
depi ct s tldweccdiding to Whech the recessional velocity
of largescale structure is directly proportional to theidistance.
Note that he velocity-distance relation plots foreceding gas
molecules (Graph 1 to Graph) %re exactly like thevelocity-
distance redtion plot for receding largscale structures according to

the Hubble diagramthe moleculesreceding slowlyare closeto us

whereas the molecules receding fasterfantber awayfrom us

© 2017 Karan R.Takkhi
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Table 1.Massof differentgasmolecules

Gaseous Atomic Mass Molecular Mass Mass ofMolecule
Elements (A) a.m.u.orgmot (M) a.m.u.orgmot  (M/NA)/1000 kg

H 1.0079 2.0158 3.3473 x 16’
Hex 4.0026 8.0052 1.3292 x 1G°
N 14.0067 28.0134 4.6517 x 10°
o} 15.9994 31.9988 5.3135 x 1G°
F 18.9984 37.9968 6.3095 x 1G°
Ne* 20.1797 40.3594 6.7018 x 1G°
Cl 35.4530 70.9060 11774 x 16°
Ar* 39.9480 79.8960 1.3267 x 16°
Kr+ 83.7980 167.5960 2.7829 x 16°
Xe* 131.2930 262.5860 4.3603x 10%°
R 222.0000 444.0000 7.3727x 10%

Na= 6.02214199 x 18 (Avogadro constant)

Note: * are thenonreactive wble gases, they do not form molecules and remain in monoatomic state, however, since molecular
expansiormodelis the emphasis of this paper, therefore, they have been considered as molecules too.

Table 2.Energy possessed by the gas molecatsametemperature of 303 Kheir recessional velocities and the dis&covered by them
in 1 secondGraph 1)

Gaseous Temperature  Energy possessed by molecule Recessional Velocity = Distance covered
Elements (M K (E) J (v) mg in 1 secondD) m

H 303 6.2750 x 16+ 1936.30 1936.30

He 303 6.2750 x 16+ 971.68 971.68

N 303 6.2750 x 16+ 519.41 519.41

o) 303 6.2750 x 16+ 485.99 485.99

F 303 6.2750 x 16+ 445.98 445.98

Ne 303 6.2750 x 1G* 432.73 432.73

Cl 303 6.2750 x 16+ 326.48 326.48

Ar* 303 6.2750 x 16+ 307.56 307.56

Kr+ 303 6.2750 x 16+ 212.36 212.36

Xex 303 6.2750 x 16+ 169.65 169.65

R 303 6.2750 x 16+ 130.46 130.46

Table 3. Energy possessed by the gas molecatsametemperature of 303 Kheir recessional velocity and the distance covered by them
in 60secondg4Graph 2)

Gaseous Temperature  Energy possessed by molecule Recessional Velocity — Distance covered
Elements T K (E) J (v) ms in 60 second¢D) m

H 303 6.2750 x 16 1936.30 116178.0

He* 303 6.2750 x 16 971.68 58300.8

N 303 6.2750 x 16 519.41 31164.6

o) 303 6.2750 x 16+ 485.99 29159.4

F 303 6.2750 x 16 445.98 26758.8

Ne* 303 6.2750 x 1G* 432.73 25963.8

Cl 303 6.2750 x 1G* 326.48 19588.8

Ar* 303 6.2750 x 1G* 307.56 18453.6

Kr+ 303 6.2750 x 1G* 212.36 12741.6

Xe* 303 6.2750 x 1G* 169.65 10179.0

R 303 6.2750 x 16+ 130.46 7827.6

© 2017 Karan R.Takkhi
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Table 4. Energypossessed bihegas moleculeat differenttemperaturgtheir recessional velocity and the dista covered by them in 1 second
(Graph 3)

Gaseous Random Temperature Energy possessed by molecule Recessional Velocity  Distance covered
Elements (M K (E) J (v ms! in 1 secondD) m

H 306 6.3371 x 1G* 1945.86 1945.86

Her 310 6.4200 x 1G* 982.85 982.85

N 313 6.4821 x 1G* 527.91 527.91

) 305 6.3164 x 1G* 487.59 487.59

F 311 6.4407 x 1G* 451.83 451.83

Nex 303 6.2750 x 16+ 432.73 432.73

Cl 308 6.3786 x 16+ 329.16 329.16

Ar* 312 6.4614 x 1G* 31209 312.09

Kr* 304 6.2957 x 1G* 212.71 212.71

Xe* 307 6.3578 x 16+ 170.76 170.76

R 309 6.3993 x 16+ 131.75 131.75

Table 5. Energy possessed by tgas moleculeat differenttemperaturgtheir recessional velocity and the dis@amcovered by them in 60 seconds
(Graph 4)

Gaseous Random Temperature Energy possessed by molecule Recessional Velocity  Distance covered
Elements T( K (E) J (v) ms in 60 seonds(D) m

H 306 6.3371 x 16+ 1945.86 116751.6

He 310 6.4200 x 16+ 982.85 58971.0

N 313 6.4821 x 1G* 527.91 31674.6

) 305 6.3164 x 1G* 487.59 29255.4

F 311 6.4407 x 1G* 451.83 27109.8

Ner 303 6.2750 x 1G* 432.73 25963.8

Cl 308 6.3786 x 1G* 329.16 19749.6

Ar* 312 6.4614 x 1G* 312.09 18725.4

Kr* 304 6.2957 x 16+ 212.71 127626

Xe* 307 6.3578 x 16+ 170.76 10245.6

R 309 6.3993 x 16+ 131.75 7905.0

Table 6. Energy possessduy thegas moleculeat high temperaturavith large differences in temperatutheir recessional velocity and the distance
covered by them in 60 secon@@raph 5)

Gaseous Random Temperature Energy possessed by molecule Recessional Velocity  Distancecovered
Elements T K (E) J (v) ms' in 60second(D) m
H 1000 2.0709 x 1G° 3517.60 2110560
Her 2000 4.1419 x 16° 2496.43 149785.8
N 10000 2.0709 x 10° 2983.93 179035.8
) 9000 1.8638 x 10° 2648.64 158918.4
F 900 1.8638 x 1¢° 768.62 46117.2
Ner 8000 1.6567 x 10° 2223.52 133411.2
Cl 800 1.6567 x 1¢° 530.48 31828.8
Ar* 9000 1.8638 x 10° 1676.20 1005720
Kr+ 10000 2.0709 x 10° 1219.96 73197.6
Xe* 700 1.4496 x 1¢° 257.85 15471.0
R 15000 3.1064 x 10° 917.97 55078.2
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Graph 1. Velocity-distancerelationplot for moleculesexpandingat same temperature (303 K)bservation time = 1 secoif@iable 2)

(Slope = Im s m™)
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Graph 2. Velocity-distancerelationplot for gas moleculesxpandingat same temperature (303 K). Observation time = 60 se¢dable 3)

(Slope = 0.016666666 s* m™)
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8 THE DEVIATION OF THE HUBBLE structures thaaire notfalling within the linear regime of
DIAGRAM FROM LINEARITY AT HIG H the Hubble diagranare not revealing their present day
REDSHIFTS AND THE ACCELERATING picture to us, but how they were billions of years ago.
EXPANSION OF THE UNIVERSE Suchstructures most probably by now would alredudy

exhibiting a linearredshiftdistancerelation, this would
Bowever remain unknown to ugprobably for a
¥nsiderable amount of timesince at present we just
now the linearedshiftdistancerelation being ehibited
y the largescale structures that are milliorsd light
years distant gtructures within the local Universe

The independent research conducted by the High
Supernova Search Team in the 1998 (Riess et al.) and
Supernova Cosmology Project team in the 199%
(Perimutter et al.) by using Type la supernovae as
standard candles (magnitudedshift relation) resulted

into a very surprising discovery. A surprising feat wa tructures that appear much older and quite evilid

found to be displayed by the Universe, a feat that was Hb not know when such local structures began exhibiting

extraordinary that the remarkable results obtained wer . e ; .
: the linearredshiftdistancerelation, but before attaining
not even expected. It was the remarkable discovery g

; ; . such constant recessional velocities they would have
Universe expanding at an accelaengtirate. A research

that was actually aimed at observing the expecteﬁurely been accelerating since constant recessional

deceleration of the Universe was welcomed by somethi verlggijt;a”s er d norta di(;“'evzd bggeagcclenlerg?esmzﬁgtr.e
completely unexpected. This is what perfectly defines a,,_. y Y y a Iy loci hial
discovery; instead of getting the expected resul"f1tta|n|ng a onstant recessional velocity (thialso
somethiné unexpected comknocking at the door suggeststhe actual recession of largeale structures
. , N rather than expansion of space between them).
A mysterious energy that rightfully got coined as dark As far as the laws of Physics gand knowing that the

energy is considered responsible for causing the Univer ub bl e ssvalitl lawsingest applies quite preely

to expand at an accelerating rate. Acceleration began with : i )
the introduction of dark energy 5 billion years agoo the local Universghen most likely it should bequally

i : applicable to thevery remoteUniverse as well, that is,
(Frieman, Tumer and Huterer 2008) and since then th ere should not be any deviation from a linezatshift

Universe has continued to expand at an accelerating raée. . ;
-distancerelation and allrecedinglargescale structures

Unfortunately, what type of energy dark energy exactly "Bhould lie on the straight Hubble line, unless we are

remains an unsolved mystery. L . o . ;
The expansion of the Universe is best depicted by thIookmg into an earlier epoch within which the receding

Hubble diagramthat exhibits a linear velocitgistance Structures are rightfully expected to be accelerating since

relation or redshiftdistance relationfor the local they appear youngeand recession has begun for them;

Universe, that is, for the larggeale structures that exhibit f‘UCh structures are Iereiore sl ,,W'th'n their
acceleration phase”.

lower redshifts and are comparatively closer to us than th :
L ) . hen we look at the most distant structures, we are
structures that exhibit higheedshifts or the most distant . L S
actually gazing back in time, we are looking into the past

ones that belong to the remote Universe. It is for thesgf those structures, therefore, there is an utmost

structures belonging to the remote Universe that the bability th Il ob h
Hubble diagram deviates from exhibiting a lineadshift probability that we will observe such remote structures to

) : ; . be accelating in order to achieve a constant recessional
distancerelation as shown in Graph @hich has been : . .
velocity. Now since the most distant or the remote

plotted by using the Supernova Cosmology Project data _— . .
from Union 2 (Amanullah et al2010 and Union 2.1 structL_Jres are already exh|b|t_|ng recessu_)ljal velocities that
(Suzuki et al2012. are higher than the recessional _vglocmes of th_e _Iocal
structures the further away an objeds, the faster it is
receding, therefore, any further increase in their already
9 THE ACCELERATION PHASE high recessional velocities would simply suggest an
If we gaze into the very local Universe, few million light accelerating Universe. So as long as the accelerating
years away, we find the Andromeda Galaxy racingt r uct ur es remain i n t hei
towards our home galaxy. Gazing further away, someecessional Mecities would keep on increasing before
millions of light years away, within the extent of the localbecoming constant in future.
Universe, we observe the recedingglascale structures  From the point of accelerating expansion of the
exhibiting the linear redshiftdistance relation and Universe it is believed that the structures that are
obeying the Hubbl e’ s | aw exbibitipng thvedinearedshRtdistancerelation avithan ythe b e
the remote Universe within which the receding lasgale local Universe, structures that are receding with constant
structures exhibit high redshifts (high recessionatecessional velocity will begin to accelerate in distant
velocities). Thes structures deviate from exhibiting the future, however, this may probably not be the case at all,
linear redshiftdistancerelation and they are found to be in fact there is more probability that the distant structure
accelerating belonging to the remote Universe that are accelerating as
Now, the most distant larggcale structures those observed today will attain a constant recessional velocity
belonging to the very remote Universeveal themselves in the distant future probably by the time they get as old
to us aghey were billions offears ago when the Universe and evolved as the structures that are within the local
was comparatively younger than it is today. SuchlUniverse. The rule isf the older and therefore the more
structures exhibit high redshifts, and basically, the highezvolved structures are following the linear trend on the
the redshift, the greater is the distance and the larger is thebble diagram since they have already gone through the
look-back time; with higher and higher redshifts we ar billion-year evolutionary phase, then we should most
literally looking back into an earlier epoctfe do not probably expect the younger structures to exhibistmae
know the present day recessional velocity of such distattend by the time they get equivalently old and evolved.
celestial objects since we are observing them how thog is not necessary that the accelerating structures
structues were billions of years ago when the Universéelonging to the remote Universe have to appear
was much younger, and youmgeere those structures equivalently old and evolved as the local structures to
too. Therefore, at presenhé most distant largecale exhibit constant recessional velies. Remote structures

© 2017 Karan R.Takkhi
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that appear to be accelerating may attain constantThe most distant structures the accelerating onese
recessional velocities at any time in future. This wouldillions of light years away and ehefore they appear
help us to know when local structures attained constaobmparatively younge and therefore newethan the
recessional velocitiesor, during which evolutionary structures withinhe local Universe. Since thegeunger
phasetheir aceleration phase terminated). and newerstructures belong to an early era of the

The rate at which the remote structures are acceleratitpiverse, therefore, as seen today they are still found to
will decidehow long their acceleration phaseill last. be withint hei r “ agha®deT,att loat i s,
Extremely low rate of acceleration will require aundergoing the process of attaining a constant recessional
cosmological time span for the accelerating structures teelocity, and as result tkey are found to be accelerating,
attain a constant recessional velocity. For instance, gust like an object that keeps accelerating before attaining
remote structure exhibiting a redshift of 0.7 and a constant recessional velocity; the velocity keeps
accelerating at a rate of 10m s in order to attain a increasing every second as long as the permissible
constant recessional velocity corresponding to a redshifbnstant recessional velocity is not attainetl. will
of 0.8 will take 3 x 10°° seconds(approx 0.95 billion  probably take significant amount tifne for the remote
years) whereas anceeleration rate of I8 m s? will take  structuresto achieve aconstant recessional velocigs
3 x 10" seconds (approx. 9.5 billion yearSince the achieved by the largscale structures within the local
local structures are billions of years old, therefore, theWniverse; structures that exhibit the lineaedshift
have already gone through thasceleration phase in the distancerelation. In fact the very distantlargescale
past and as a result they are now observed to be recedsigicturesbelonging to the remote Universkat do not
with constant recessional velocity. exhibit the linearredshiftdistancerelation or thelinear

From the redshiftistance relation ploas shown in Hubbl e di agr am, still obey th
Graph 6 there are two most distant supernovae that appélaat the further away they are, the faster they are
to fall within the linear regime of the Hubble diagram, receding
one is situated at a distance of 8.4406 Gly exhibiting a The observed acceleration of remote structures suggests
redshift of 0.581 and another one further away at that in future they willcopewith the linearity of the red
distance of 9.4941 Gly with redshift of 0.655. Using thesdine since their recessional velocities are increasimg) so
supernovae the slopg@l) of the red line is foundot be is the distance being covered by thédnis all about time
2.22632435x 10 m s' m?, thereby giving a Hubble that their actual recessional behaviour would get revealed
constant 068.6®1 km s* Mpc™. in the distant future, behaviour that would either be

By looking at Graph 6, the remote structures are natonsistent with the Hubble diagram and hence the
there where they should be; they are notontheredlinebisubbl e’ s | aw suggesting const
precisely as their local counterparts; theg &elow the henceredshiftdistancelinearity, or behaviour that would
line. The supernovae that fall below the red line deviatsuggest acceleration thataternalandinevitable.
from exhibiting the redshiftdistance linearity. From
Hubbl e’s | aw poi (6 andefuationi eCONCLUSIDNG t i o n
(7)), the distancesto these supernovaare large with
respect totheir low recessional velocities, or, their
rgcess,lonal vel_ocmes are_avl/ Wlth_respect tatheir large molecularexpansiormodel.
distances. For instance, if ve®nsider a supernov@aom

Graph 6at a distance of 17.605 Gly exhibiting a redshift di(s%r)ib;rt?(?n rgfo IIZ ?ugcz)l(gasr,]tﬂfgurpeosdis Cr;)]glsé(cj:ﬁlr;'shg]e
of 0.905, then according to equation 6, its steft 9

(recessional velocity) at this distance with respect to th@oIecularexpansmnmodel shows that the expansion of

slope of the straight lingH) should be 1.236@his should 925 Molecules is homogeneous and isotropic

. . . (3) According to the moleculaexpansionmodel the
Gy for 1o ol on the  riace beteen te lygealy Srucures if oregsiig, | o
yt o . ; . ._due 1o their actual recessioncby e’ virtie 'bf the energy
law. Similarly, by using equation 7, the distance of this

supernova if it is exhibiting a retift of 0.905 should be POSSessed by thlem' o elo
12.8840Gly for if to fall on the red line. (4) Largescale structures recede with velocity

) . " corresponding to the total amount of enetfpat the
Since recessional velocities of remote structures aré sselsos 9 i y

increasing with time and so is the distance being coveret (5) For a largescale structure to exbit higher

by them, therefore, i very likely that they will fall on recessional velocityhe ener ossessed by it should be
the red line in distant futurenost probably by the time . gy p y
sufficiently largeand themass should be less

they get equivalenthold and evolved as the structures (6) The highest recessional velocities are always found

within the local Universe that fall on the red line and obe){O be exhibited by the most distargalaxiesand quasars

the Hubble’s | aw. X N )
o . nd not by galaxy cluster$his observation is consistent

The structures within the local Universe appear much. . . :
with the recessionabehaviour of molecules, that is, a

older and evolved since they are closer to us. We obserye N : . .
. " ighter molecule exhibits higher recessional velocity as
such local structures haviggpne through the billiowyear ;
compared to a massive molecule ewghen they both

evolutionary phase quite efficiently, therefore, they are thé ssess angeivalent amount of energguch consistent
ones that should appear to be accelerating due to the 5 qe 9

: . recessionalbehaviour suggests the actual ien of
that acceleration began or dark energy got introduc .
X : . argescale structures rather than expansion of space
during the formation, evolution and development o

between them.

structures billions of years ago, and since we are . : .
: . (7) Since galaxieand quasarsre less massivéhan
observing the local structures in much evolved state as

they were millions of years ago, therefore, the bilyear gfalaxy cluste_rs, therefo_r(_a, gales and quasarsexhib_it
accelerating effect of dark 'energy u’pon the local igher recessional velocitiésan galaxy clusters.df this

structures should already be visibéeus the way we are reason, galaxieand quasarsianage tbecome the most
. distant structuresvithin the observable Universe and not
observing them now.

galaxy clusters.

(1) In this paper thexpansion of the Univerdeas been
explainedby conducting a detailed studyased uporthe
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(8 From the tables and the graphsb&#comes very (17) The gas molecules and the laigmale structures
evident that the behaviour of receding lasgale getarrangedn terms of velocity and distanc&€he mass
structures is similato the behaviour ofredy expanding and the energy possessed by i@ecules and the large
gas molecules o the vacuum of the Universe The scale structures play an iportant role in determining
velocity-distance relation plot for expanding gas theirvelocity-distance relation.
molecules is consistent with thelocity-distance relation  (18) Since the mass and the energy possessed by every
plot for the receding largecale structure obtained largescale structureare different, therefore, the large
according to the Hubble imgram which depicts the scale structures get distributed homaamrsly throudpout
Hu b b | e Swch dorssistency also suggests the actuahe Universe irrespective of their maddowever, the
recession of largecale structuresather than expansion most distant structuresia galaxy or a quasahese being
of spacebetween themif the space betweetne large less massive than galaxy clustemxhibit higher
scale structures waspanding, then the velocityistance recessional velocities.
relationplot for the receding largscale structures arie (19) Plotting the velocitydistance relation for the
receding gas molecules would have bemmpletely recedinglargescale structures isame asplotting the
differentfrom one another. velocity-distancerelation forrecedinggas molecules.

(9) The molecular plots are exactly like the Hubble (20) Receding gas molecules will always exhibit
diagram the molecules receding slowre closer to ys Hubblediagram. Since eding largescale structures
whereasthe moleculeseceding faster are further away behave like receding gas molecules; justified by identical
from us The distribution of molecules inGraph 5is  velocity-distance relation plots, the Hubble diagram
relatable to the homogeous distrilution of largescale therefore simply is the velocHgistance relation plot for
structures within theobservable Universe since the receding gas molecules.
molecules are distributedomogerously irrespective of (21) The similarities encountered while plotting the
their mass. velocity-distance relation plots for the receding large

(10) The gas molecules hadeliberatelybeen subjected scale structures and the receding gas molecules validate
to random temperaturet® see if the molecules deviate the credibility of the moleculagxpansiormodel.
from exhibiting a linear velocitgistance relationNo (22) Based upon theoncepto f “accel erati on
matter how randomly the data changes for the ga®ason for theleviation of Hubble digram from linearity
molecules, the velocitglistance relation plots continue to at high redshifts and the reason for theobserved
exhibit the linear behaviour just like the Hubble diagram. accelerating expansion of the Univerdeave been

(12) The value of the Slope obtained from theocity-  explained. The accelerating recession of |agae
distance relatiomplot for the expandinggas moleculess  structures that we are observing at present is their
similar to the Hubble constanH) (the slope ofHubble recessional elocities billins of years agowvhen they
diagram), sinceits reciprocal gives us the observationwer e st i | | within their
time in seconds, just likehé Hubble time obtained from day recessionalvelocity of such accelerating structures
the reciprocal ofHl). would remain unknown to us for a significant amount of

(12) From the velocitydistance rel@éon plot for the gas time.
molecules it is found thahe further away a gas molecule (23) Whether the remotstructuresare still acceleting
is, the fastertiwill be receding away from us, that the  or not cannot be correctly inferrsthce we are observing
recessional velocityof gas molecules is directly them how they were billions of years addere is more
proportional to their distancé&his is also consistent with probability that the acceleratingemote structures will
the Hubble’”s | aw. attain a constant recessional velocity in future by the time

(13 The Hubbl e’s | aw and theylgdt as ldlcatdbeVolved asgthe sstructwras svithia thee
found to be obeyed by the receding gas molecules as wdbical Universe for which the redshifistance relation
equations likesr=H x D, D = Vv/H, ty = 1H; wherevis the according to the Hubble diagram is linear, suggesting
recessional velocityH is the Hubble constanD is the constant recessional velocity.
distance andy is the Hubble timeFor gas molecules the
corresponding equations ave= Slopex D, D = v/Slope ACKNOWLEDGEMENTS
t = 1/Slope.

(14) No matter on which molecule we asituated upon,
all othermolecules will exhibit redshift, therefaréhere is
expansion in every directipthere is no preferred centre
This is consistent with thebservation ofeceding large
scale structures since atkcedinglargescale structures REFERENCES
exhibit redshift except for some exceptionally rare ones. Amanullah R., et al., 2010, ApJ, 716, 712

(15) By knowing the valuesof the Slope and the Einstein A., 1917, Sitz. Preuss. Akad. Wiss. Phys.
distance covered by the receding gas molecules, theiMath, 142, 87
recessional velocity can be recalculated. Similarly, byrieman J. A., Turner M. S., Huterer D., 2008, ARA&A,
knowing the values of the Slope andethecessional 46, 385
velocity of gas molecules, the distance covered by theidubble E. P., 1929, Proc. Natl. Acad. Sci., 15, 168
can be recalculatedlhis is a@in consistent with the “ Nor ma Cl uster " . NASA/ I PAC Ex
Hubble dagram. Database (NED)., 2006

(16) Since gas molecules exhibit Hubble diagram anBerlmutter S., Aldering G., Goldhaber G., Knop R. A.,
obey all Hubble equations solely due to their recession byNugent P., et al., 1999, ApJ, 517, 565
the virtue of the energy possessed by them, therefore, tRéess A. G., Filippenké. V., Challis P., Clocchiatti A.,
large-scale structures that are known to exhibit Hubble Diercks A., et al., 1998, AJ, 116, 1009
diagram and obey all Hubblequations have to be SuzukiN., etal., 2012, ApJ, 746, 85
receding solely by the virtue of the energy possessed by
them.
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