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On Cosmology, Time and the Second Law of Thermodynamics

Abstract

The first law of thermodynamics is fairly straightforward. states that energy can be
converted from one form into another but not created or destroyed. fhoe'swork on
the subject indicates that net energy is zero [6][7][13] butratgzhinto two different
types of energy that balance one another. The second law is stohightforward. A
guantity called entropy describes the probability of energgstar systems with many
particles. The second law states that more probable energy Is¢atome filled over time
and energy differences that can be used to carry out work bdeesavailable. How
everything achieved a high state that can continually “run dows’bkan somewhat of
an enigma.

There is a strange situation in fundamental physics regardimg tiWell respected
physicists [Julian Barbour for example] point out that all quantweohanical equations
are cyclical with time. Common sense tells us that time rambgand tension exists
between fundamentals and what we observe. This situation extends tomémbala of
space as well as fundamentals of time. Special relawitycurvature of space time is
known to be the source of gravity at the large scale but effodsderstand quantum
gravity encounter significant theoretical difficulties.

The author uses a cellular model that describes gravity, spaeg,dkpansion, kinetic
and potential energy at the quantum level [6][7]. Using cosmolegy platform, the
present paper explores time and the second law. It concludesnhadvances because
expansion converts kinetic energy to potential energy. Furthegrdlhiational coupling
constant appears to convert quantum behavior to large scale behavimughl pressure
expands the universe, gravitational accumulation begins to dominatdy.loc@he
improbable expanded state and the many states available retatgdavitational
accumulation explain how everything can “run down” as time progresses.

Gravitation

Using a small cell of radius r to simulate a large radiy$t&ature would call this the
radius of the universe) is critical to understanding cosmology. Imtbéel, the universe
is filled with the surface of many small cells that are equivalent to sieface of one
large sphere. This is important conceptually because we canslae ithe universe
(something we all observe), each surface can be identical andribept that there is no
preferred location can be preserved. The model proposed is based on exp(k80)
each associated with a proton like mass.



The derivation of a coupling constant for gravitation from referenseéviewed below.
Let small r represent the radius of a many small spherelasgelR represent the same
surface area of one large sphere containing exp(180) spheres. isTbare proton like
mass (m) on the surface of each cell. The mass of thersail equals m*exp(180).
The laws describing each particle are no different than any p#ntcle. Geometrically,
many small cells with the same combined surface area tffe feature. General
relativity uses the metric tensor (ds”*2)[4]. The surface af@a2-sphere is broken into
many small spheres with an equal surface area, i.e. rp@@x The total energy will be
that of a proton mass/cell plus a small amount of expansion kiere¢igy. Based on
geometry, two substitutions are placed in the gravitational con&atelow, i.e.
M=m*exp(180) and R=r*exp(90).

Area=4 pi R"2

Area=4 pi r"2*exp(180)
A/A=1=R"2/(r"2*exp(180)
R"2=r"2*exp(180)

R=r*exp(90)
M=m*exp(180)
Large space G cellular size G
RV~2/M G=G n2/m ris the cell radius
R'V"2/M G=G rv2/m r'is the proton size geodesic
R'=r*(VV)"2*(M/m)*1/exp(90)
RV"2/M= r*exp(90) *v2/(m*exp(180))

G=(r *v2/m)*1/exp(90)

For G to be equivalent between many small cells and oge &phere the geodesics of
cells must be multiplied by the small factor 1/exp(90). Thisiesas the gravitational
coupling constant for a cell that has cosmological properties, i.éorteis shared with
exp(180) particles on a surface that is 1/exp(90) of the total surface.

Fundamentals of space and time

Reference 6 identifies the source of the gravitational cohatathe quantum level. The
gravitational field energy 2.683 MeV from the Proton Mass model (Appendiderlies
the quantum mechanics for a fundamental radius r and a fundamental. timé¢he
equation below, the value 1.93e-13 meters-MeV is HC/(2*pi) where Heisenberg’'s
constant 4.136e-21 MeV-sec and C is light speed, 3e8 meters/seqadiuser is the
radius of a quantum circle for gravity with 2.68 MeV field energy.

Identify the radius and time for the gravitational orbit described above
Fundamental radius=1.93e-13/(2.68*2.68)".5=7.354e-14 meters
Fundamental time=7.354e-14*2*PI()/(3e8)=h/E=4.13e-21/2.68
Fundamental time 1.541E-21 seconds

If radius r for the conventional physics force calculation is 7.35end#rs, as proposed
above, the force in Newtons (NT) is:



F=(5.9068e-39)*hC/IR"2

hbar 6.5821E-22 mev-sec
hbar in NT-m-sec 1.05E-34 NT m se
hbarC in NT-m*2=K 3.16E-26 NT m*2

F=(5.9068e-39)*"K/IR"2
F=(5.9068e-39)"3.16e-26/(7.35e-14)"2=3.39e-38 NT
3.453E-38 NT

This result agrees with the simple Newtonian force for glagiseparated by 7.35e-14
meters.

F=Gm”"2/R"2 (NT)=6.67428e-11*1.6726e-27"2/7.35e-14"2=3.452e-38 NT where m is
proton mass and R is meters.

Using values for the proton mass model that the author believgsnanifre’s forces (6),
the gravitational constant is calculated below and agreesthetipublished constant,
G=6.674e-11 NT meters"2/kg”2. The gravitational coupling constant 1/exg¢€0gd
above appears in the fundamental calculation for the inertial faree gell that has
cosmological properties.

GRAVITY
proton

Proton Mass (mev) 938.272
Proton Mass M (kg) 1.673E-27
Field Energy E (mev) 2.683
Kinetic Energy ke (mev) 9.720
Gamma (g)=M/(M+ke) 0.9897
Velocity Ratio wC=(1-g*2)*0.5 0.1428
R (meters) =(HC/(2pi)/(E*E)*0.5  7.354E-14
F (NT)=M/g*(v/IC*C)* 2/R/exp(90) 3.452E-38

HC/{2pi)=1.9Te-13 mev-m
Calculation of gravitational constant G
Inertial Force=(M/g*C*2/R)*1/EXP(90) 3.452E-38

Radius R (Meters) T7.354E-14
Mass M (kg) 1.673E-27
G=F*R*2/M* 2=NT m* 2/kg* 2 6.6T4E-11
Published by Partical Data Group (PDC 6.6 74E-11
PE fall MeV 19.34
Ke fall MeV 9.720
F =PE/R *1.6022e-13 NT 3.4524E-38

PE/R=(19.34%1.603e-13/7.3543e-14/exp(90))



The use of 1/exp(90) and Heisenberg’s uncertainty principle hasatffleet of
dramatically reducing the force between protons and makes gnaefiyylong range
compared to the other forces.

The author believes that the space we walk around in is defined by grahgycatantum
level (r=7.35e-14 meters) with each cell expanded to a present m@datsout 0.55

meters/cell. In three dimensions exp(180) cells give largf.3%*exp(60)=6.1e25
meters. Further, the author believes that the time we expeigtite cycle time 1.54e-
21 seconds repeated many times since the beginning. In othds,woorquantum
mechanical time is defined that cycles and counts forward (tyoégexp(N)). Defining

gravity, time and distance together allows nature to use the Isiresoay of relativity at

the quantum level. The coupling constant 1/exp(90) scales the quanturto ldhelarge

scale we observe around us.

Expansion

Consider for a moment why the universe expands. Kinetic erfeeyymust be turned
into gravitational potential energy (pe=Fr) oveme. Time enters physics through
cosmology! The derivation below indicates that the increasutiggaf the universe and
increasing time are related through expansion.

ke pe

ke Fr

1/2M(v)"2 GMM/r
12M(rip~2 GMMIr
1/2Mr3/t"2  GMM
1/(2GM)*r"3  t"2

(r/r0)"3 increases as (t/t0)"2

(r/r0)A3 increases as (t/alpha)*2 (kinetic energy requirement)

Expansion of each cell involves the kinetic energy of a proton like orashe surface of
each cell. The model's geometrical and numerically siiylalows many small cell
surfaces to represent large scale cosmology.

Cell diagram

Initial cell radius is 7.35e-14 meters. Initial forces in¢b# are balanced and are 3.45e-
38 Newtons. With an initial kinetic energy of 9.8 MeV, the iniégbansion velocity can
be calculated.

Gamma (g)=938.27/(938.27+9.8)=0.9897
V/C=(1-0.9897/2)".0.5=0.143.



M=1.675e-27 kg

= RE=9.? mev
VIC lateral=0.143

PE expansion=integral F dR
KE=mv~2/2

Cell diagram showing tangential kinetic energy

Kinetic energy decreases (and gravitational potential energgaises) as expansion
occurs. The derivation below is based on gravitation constant G remaining constant

G remains constant G=rv*2/(M)

RVA2/(M/g)=rvA2/(M/g0) RVA2/M=rv? 9.75 ke
RVA2*g=rv*2*g0 RVA2=ryA2
(vIV)A2=(rIR)*g0lg (VIV)A2=(r/R) l
(vIV)=(rIR)*.5%(g0/g)".5

ke=keO0*(r/R) Ke decreases with r

Kinetic Energy decreases with Expansion

Important values originate in the proton model. The model shows protonahbwitih 20
MeV that fall into “orbits” with 9.8 MeV of kinetic energy and 9.8 Wlef potential
energy. Initially the mass on the cell surface has high \1gl¢@i14C) that gives an
inertial force equivalent to gravity. Tangential kinetic engidjggram above) decreases
directly with expansion ratio and defines an orbit that maintaingréngtational constant
at G. This “orbit” is again a model since it will be shown betbat temperature and
pressure associated with kinetic energy drive expansion. AReansion, potential
energy allows protons to fall (accelerate) toward each otheestallish orbits as mass
accumulation occurs. It is this energy that we see when a@i@tgstablished around
galaxies and planetary systems. It is also this energy pilovides pressures and
temperatures high enough to initiate fusion.

The goal below is to model expansion of a small cell that providies scalable to the
universe.

Nomenclature

(all calculations are MKS)

t-time

g=dimensionless time=time/alpha time
Lower caseris a cell radius

Upper case R=r*exp(60)

R1 radius is first expansion component

R3 radius is second expansion component
H3 is Hubble's constant for R3



First expansion component; R1
(r/r0)*3 increases as (t/alpha)?*2 (kinetic energy requirement)
r=r0*g”(2/3)
R=r0*exp(60)*g”(2/3)
r0=1.93e-13/(2.683*2.683)*.5=7.35e-14 m
R1=(7.35e-14*exp(60))*g*(2/3)

Second expansion component: R3
dr/(r*dt)=H3
dr=H3*r*dt
dr=H3*alpha*r *dg (dt=alpha dg)
dr=H3*alpha*r0*g”(2/3) *dg
r=H3*alpha*r0*g*(5/3)/1.6666
R3=H3*alpha*(7.35e-14*exp(60))*g*(5/3)/1.666

r1+r3=(7.35e-14)*g*(2/3)+(7.35e-14)*g"(5/3)*H1*alphal/1.666
R1+R3=r1*exp(60)+r3*exp(60)

Integral dr adds a late stage term that expands with time,iriiégration, raised to the
power (5/3). The equations are consistent with the cold dark magsrotogy model
described by Pebbles [4] with constants determined by the COBEARN[5] and
PLANCK missions.

Thermodynamics and expansion

The Boltzmann relationship T(K)=ke/(1.5 B) with B=8.62e-11 MeV/Kigss a
temperature to kinetic energy. Cosmologists use the expansian zrato scale
temperatures and the x axis is the natural logarithm 45 progrdssedgput 90. Large
scale time is approximately exp(88.5)*1.54e-21seconds= approximatelylibd pears
presently. The discontinuity in temperature is explained in reference 12.
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There is a critical concept at stake that needs our undersgantdithe kinetic energy is
temperature, it is no longer limited to a surface. Partisldskinetic energy bounce off
of one another and create pressure. Is it this pressure that expands/erse? Can the
particles fill all of space or are they quantum like and &ahitn their travel. If we

calculate what a gas would do perhaps we can answer the above two questions.

The gas constant R, is 8.317 Joule/K/Mole. (Joule=NT-m and 1000Kddier H). If

we assume an ideal gas for hydrogen the gas constant R=8317 NTgmekKthe
pressure would be:

P=8317*density*temperature (NT-m/K/kg*kg/m"3*K=NT/m”"2) where densiig
kg/m”"3 and temperature is degrees Kelvin (K).

With density based on one proton for half the cells (the othershatobably cold dark
matter [7]) and an initial radius of 7.35e-14 meters, the abovalipiessure is 2.97e26
NT/m”2 where initial temperature=7.58e10 K.

Volume/cell (m”3) 1.67E-39 2.72E-39  4.43E-39 7.24E-39 1.18E-38
Density (kg/m”3) 5.02E+11 3.08E+11 1.89E+11 1.16E+11  7.09E+10
Temperature (K) 7.56E+10 1.01E+10 1.08E+10 1.05E+10 9.84E+09
Pressure (NT/m”2) 2.97E+26  2.44E+25 1.60E+25 9.54E+24  5.46E+24
Pressure (Ib/in"2) 3.54E+21  2.32E+21 1.38E+21  7.92E+20
Pdv (MeV) 2.11E+00  4.33E-01 4.47E-01 4.28E-01

Integral Pdv (MeV) 6.6 2.11E+00 2.55E+00 2.99E+00  3.42E+00
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INCREMENTS

The integral of Pdv quickly saturates at a level consistent with thal iinietic energy of
9.8 MeV (the gas is not ideal and the constant is somewhat unce@iajall, pressure
can be considered the driver for expansion. The net affect is thenpreteives
gravitational potential energy against a resisting gravitationa forc

Transition from quantum behavior

In quantum mechanics, particles move in circles and are saflistifeverywhere” at
once on a surface and movement into the interior of the sphere threisdigiem is very
limited. For example, the electron does not normally move insidephere 5.29e-11
meters and if it is forced to, it is called relativistic @g-generate. Pressure is the
collective action of particles with kinetic energy (tempemtuhat bounce off of each
other in all directions. The fact that protons are colliding and &bimove throughout
the space created by expanding the fundamental radius 7.35e-14 imgitat®e that a
critical transition has occurred. Protons enter the radius thaedeajravity and pressure
expands space itself. Particles now exhibit non-quantum behavior fpdybeause the
force is now very low and it is easy to force particles thi interior of the volume).
Apparently the transition is associated with 1/exp(90) that wea&adsextends the
gravitation force.

Entropy changes during expansion

In the author’s view inflation from the compact original states e duplication of
improbable particles P=1/exp(180) by exp(180) that preserved theabnggobability 1
state.

P=1=1/exp(90)*1/exp(90)*exp(180)

Thermodynamics is the physics of groups of particles. Entrojsyd8fined as follows
[1] and helps characterize the second law of thermodynamics.

The cyclic integral of change in heat energy/divided by teatpes is equal or less than
S where S is defined as entropy, i.e. cyclic integral of dQ/T< or = dS.



The change in the entropy of a system as it undergoes a abfastgee may be found by
integrating: S2-S1= integral (dQ/T) from state to 1 to s24tf]. The overall change in
dQ/T will always be less than entropy dS. In other words entrdg@fned this way,
always increases. There is a limiting (ideal or reversimadition where entropy might
be equal.

In thermodynamics we expect the equation Tds=du+Pdv to be sht{dfie For
expansion, the internal energy term (du) is 9.8 MeV [9] and decraas&dv increases to
about 9.8 MeV. This leaves Tds zero if there is ideal conversiomefikienergy to
potential energy. If it is slightly non-ideal, TdS will havéow positive value. For Tds
to remain low during expansion the term dS would increase drathatic account for
the decrease in temperature from 8e10 K to 2.73 K.

Relationship between entropy and probability

In some thermodynamic texts S=-In P where P is probability. rir#foon theory uses

this convention [2][3]. A negative natural logarithm can be confusiRemember that
improbable states contain more information (S). When P is loshigjlh and decreases
to zero when probability is 1. In thermodynamics, this convention slevergy TdS to

be positive but dS is always decreasing. (Actually temperatuenergy and dS is
information about the energy state).

P S=-InP
1 0
0.1  2.302585093
0.01  4.605170186

Expansion and entropy

After expansion, a very improbable (high information) state has bstblished.
Expanded particles separated from one another are ready to falv energy (more
probable) states. The thermodynamics of a gravitational potential has natdvedoped
to the author’'s knowledge. Think about it this way. The protons can nbanthigain
kinetic energy (temperature). If they fall into large bodrestemperature and pressure
can become so high that they fuse, subsequently explode spewing centsl§hd] that
can combine into molecules and life [13]. Conventional thermodynamicsilsthe
behavior of gases that gathers around planets and stars. Tharetawé potential states
awaiting particles that fall due to gravitation potential. Thewnnadics and entropy
count states and probability is the ratio of the state divided! blyeaktates available. A
particle that has not fallen into the states available is very improbatbfactlit must lose
energy to fall from its geodesic.

Freedom to accumulate due to gravity



Expanded particles do not simply reverse expansion as they faltodgeavitation.
Normally gravity is not an important force in pressure and teryerachanges
considered by thermodynamics (it can be important in the thermaadgs of weather).
Again, pressure is the collective action of particles with lerextergy (temperature) that
bounce off of each other. At about 200K years after the beginniagdition known as
equality [4][5] of photon density and matter density occurred andclesrtstarted to be
affected by gravity. Initially, gravitational accumulation veaded by acoustic waves but
as particles collided, their gravitational attractive fordestad to dominate and particles
no longer behaved like gases that we are familiar with. Thesyme at equality was
about 5e-8 psi (pounds per square inch) and the temperature was 9100 gas W&s
low pressure plasma. A later critical juncture in thermodyosumccurred as the plasma
cleared (this condition is called decoupling and electrons assume amiind protons).
The temperature at this point was about 3300 degrees K and the @rgasude-14 psi.
At the present time it is 3.7e-27 psi and 2.7 K.

The universe also contains cold dark matter. In the author’'s work [di@]dark matter
is proton like except it does not interact like normal matter. oweéver, it is
gravitationally active and this aids accumulation. Apparentigver acts like a gas and
is free to accumulate earlier than normal matter.

Conclusions

Time enters physics through cosmology. Particles have kinetigg in the beginning
that must be converted to gravitational potential energy. Timesyt the quantum
level but at the large scale is forced to count forward. The ¢yok for one count is the
fundamental time defined by quantum gravity.

The space we walk around in is defined by gravity at the sscalle but through
expansion and the gravitational coupling constant gravity also dedirges scale space
time.

Expansion and critical transitions create conditions for the secomd d&
thermodynamics. Firstly, although quantum mechanics and the praidel mdefine
kinetic energy in the gravitational orbit, it is pressure and teamye that expand the
universe. Rather than being limited to a quantum mechanical orhlitlgmeare free to
move throughout space because the coupling constant 1/exp(90) reduceteadsl ke
force between particles. After two early transitions (equalitphoton and mass density
and decoupling of electrons [11]), gravitation is locally able to damigas pressure.
This gas does not act like the one that thermodynamics normadyilokss. The particles
are gravitationally “sticky” and small accumulations of magge@w and eventually form
clusters, galaxies, stars and planets [8][13].

After expansion there are many potential states for partioldall into. Particles that
have not fallen have maximum potential but are very improbabletheysfalls into the
many probable states below, the second law of thermodynamics describbsltagior.
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Appendix

The Proton Mass Model



Mass and Kinetic Energy

< Field Energies

Mass Difference ke Strong residual ke Neutrinos  Expansion ke Strong & E/M Gravitationz
mev mev mev mev mev field energy  Energy
101.947 641.880 -753.29
-0.69
13.797 78.685 -101.95
-0.69
13.797 78.685 -101.95
-0.69
10.151 20.303 expansion pe
0.000 expansion ke
0.000 0.000 -0.671 —> 0.671 v neutrino
129.541 799.251| 938.272013|PROTON MASS
0.511 0.111 e neutrino 5.44E-05 -0.622
ELECTRON —_—> 2.47E-05
130.052 0.111 0.671 20.303 -957.185 -2.683
1.673E-27 Total m+ke Total fields
Total positive  Total negative
959.868 -959.868  0.00E+00
Values extracted from the model above unify nature’s forces:
Mass (m) Ke gamma (g) R Field (E
(mev) (mev) meters (mev)
Gravity 938.272 9.800 0.9897 7.3543E-14 -2.683
Electromagnetic 0.511 1.36E-05 0.99997 5.2911E-11 -2.72E-05
Strong 129.541 799.251 0.1395 2.0928E-16 -957.18
Strong residual 928.121 10.151 0.9892 1.4297E-15 -20.303



