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Causal Version of Newtonian Theory by Time—Retardation of he Gravitational
Field Explains the Flyby Anomalies

Joseph C. Hafele
Retired Physicist; Home fiice: 618 S. 24th St., Laramie, WY, USA
E-mail: cahafele@bresnan.net

Classical Newtonian gravitational theory does not sattsfycausality principle because
it is based on instantaneous action-at-a-distance. A taessaon of Newtonian theory

for a large rotating sphere is derived herein by time-rétardhe distance between
interior circulating point-mass sources and an exteriddfint. The resulting causal
theory explains exactly the six flyby anomalies reported loyglérson et al. in 2008.

It also explains exactly an anomalous decrease in the Mawbisal speed. No other

known theory has been shown to explain both the flyby anomaliel the lunar orbit

anomaly.

1 Introduction tional physics and experimental systems, or are they the

In 2008 Andersoret al. reported that anomalous orbital-  Harbingers of exciting new physics?”

energy changes have been observed during six spacecrafiflgppears that a new and possibly unconventional theory is
bys of the Earth [1]. The reported speed-changes range fronegded.

maximum of+13.28 mnyis for the NEAR flyby to a minimum ~ The empirical prediction formula found by Anderson
of —4.6 mnys for the Galileo-Il flyby. Andersomt al. also €t al. is not based on any mainstream theory (it was sim-
found an empirical prediction formula that gives calcutateply “picked out of the air”), but it is remarkably simple and
speed-changes that are close to the observed speed-chaflges produce calculated speed-changes that are surprising
If the speed-change for the empirical prediction formula @ose to the observed speed-changes. The formulévap

designated byvemp, it can be expressed as follows (1) gives three clues for properties that need to be satisfied
by any theory that is developed to explain the flyby anomaly:

1) the theory must produce a speed-change that is propor-
tional to the ratiaeg/C, 2) the anomalous force acting on the
spacecraft must change thecomponent of the spacecraft’s
speed, and 3) the speed-change must be proportiongl to
) ) ) The objective of this article is threefold: 1) derive a new
whereveq is the Earth's equatorial rotational surface speeghsa| version of classical acausal Newtonian theory,@ysh
¢ is the vacuum speed of lightis is the initial asymptotic ¢ this new version is able to produce exact agreement with
inbound speedii, is the asymptotic inbound geocentric latiz | iy of the anomalous speed-changes reported by Ander-
tude, andlou is the asymptotic outbound geocentric latitudey et 51| and 3) show that it is also able to explain exactly a
If t is the observed coordinate time for the spacecraft in {54+ orbit anomaly” that will be described below. The pro-
trajectory, thenlin = A(tin) andAout = A(tou). If d1/dt=0, then ,o5eq new version for Newtonian theory requires only main-
dvemp= 0. An order of magnitude estimate for the maximuizy.em physics: 1) classical Newtonian theory and 2) the cau
possible value fosvempis 2(5x 107/3x 10°)vin ~ 30 mny's. sality principle which requires time-retardation of thegjr
The following is a direct quote from the conclusions Qligng field. It also satisfies the three requirements of th
an article published in 2009 by M. M. Nieto and J. D. A“de[t,\'mpirical prediction formula.
son [2]: The proposed theory is based on a simple correction that
“Several physicists have proposed explanations of tbenverts Newton’s acausal theory into a causal theory. &her
Earth flyby anomalies. The least revolutionary invokesilting causal theory has a new, previously overlookedstim
dark matter bound to Earth. Others include modificeetarded transverse component, designatgd which de-
tions of special relativity, of general relativity, or ofeth pends on 1cq, wherecy is the speed of gravity, which approx-
notion of inertia; a light speed anomaly; or anisotrogynately equals the speed of light. The new total gravitation
in the gravitational field —- all of those, of coursefield for a large spinning spherg, has two components, the
deny concepts that have been well tested. And nostandard well-known classical acausal radial componrgnt,
of them have made comprehensive, precise predicti@ml a new relatively small time-retarded transverse vortex
of Earth flyby dfects. For now the anomalous energgomponentg,,. The total vector field =g, + g,:. The zero-
changes observed in Earth flybys remain a puzzle. Atiwergence vortex transverse vector fig|d is orthogonal to
they the result of imperfect understandings of convethe irrotational radial vector fielg,.

20
(5Uemp = %‘ Vin (COS/l,n - Cos/lou[) =
2Ueq

tout
=== tn ft sin(/l(t))% dt, (1)

in
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The new total vector field is consistent with Helmholtz's Rindler’s time-retarded version for the slow-speed weak-
theorem, which states that any physical vector field can figld approximation gives a complete stand-alone time-
expressed as the sum of the gradient of a zero-rotationarsceetarded solution. The time-retarded fields were derivechfr
potential and the curl of a zero-divergence vector poténtigeneral relativity theory, but there is no need for furtteder-

[3]. This means thag, can be derived in the standard wagnce to the concepts and techniques of general relatiaty th
from the gradient of a scalar potential, afgd can be derived ory. Needed concepts and techniques are those of classical
from the curl of a vector potential, byt cannot be derived Newtonian theory.

from the gradient of a scalar potential. Furthermore, Rindler's formulas satisfy the causality

The proposed causal version can be derived by using fhiciple because the fields are time-retarded. Rindlets v
slow-speed weak-field approximation for general relativision gives a good first approximation only if
theory.

¥ < 2, v < GM _ ol < 2, (4)
2 Summary of the derivation of the formulas for the '

time-retarded transverse gravitational field and the WhereM is the total mass of the central object.

predicted flyby speed-changes Notice in (3) that the acceleration caused by the grav-
itoelectric fielde is independent ot, but the acceleration
caused by the gravitomagnetic induction fi¢lds reduced
by the factor 1¢>. The numerical value foc is on the or-
der of 3x 10% mys. If the magnitude foe is on the order of
. X ! ) 10 mys? (the Earth’s field at the surface), and the magnitudes
_tlme-retarqle”ql vector po_tent|aj gnd the time-retarded 9861 u andw are on the order of onys, the relative magni-
|tomagr_1et|c induction field. H_|s_f0rmulas for, &a, andh tude for the acceleration caused byvould be on the order
are derived frpm generall relqt|V|ty theory by using the slov&f 10x4(10Y/3 x 108)2m/52 ~ 108y This estimate shows
speed weak-field approximation. They are as follows that, for slow-speed weak-field practical applicationsha t

G real world, the acceleration caused Ibys totally negligible
p pu )
¢ = fof[T] av, a=-— fff[T] av compared to the acceleration causedeby
r ¢ ' . (2) The empirical formula indicates that the flyby speed-
e=-Vop, h=Vx4a change is reduced by/&, not by 1/c?, which rules out the
gravitomagnetic field as a possible cause for the flyby anoma-
wherep is the mass-density of the central objegtjs the |ies. The acceleration df is simply too small to explain the
inertial velocity (the velocity in an inertial frame) of awsce- flyby anomalies.
point-mass in the central object, is the vector distance from Consequently, the practicable version for Rindler’s Lo-

an inner source-point-mass to an outer field-point, and &tz force law becomes the same as a time-retarded version
square brackets [] mean that the enclosed function is tofgeNewton’s well-known inverse-square law

evaluated at the retarded time, i.e., the time retarded &y th

light travel time from the source-point to the field-point. F - _vafff[ﬁ] v, )
Let the origin for an inertial (honaccelerating and nonro- r’

tating) frame-of-reference coincide with the center-@s® \yhereF is the time-retarded gravitational force actingron
of a contiguous central object. LEtbe the radial vector from | ot g3F be the time-retarded elemental force of an ele-

the origin to a source-point-mass in the central object|endmental point-mass sourcen. The time-retarded version for
r be the radial vector from the origin to an external field-poinyewton’s inverse-square law becomes
so thatr” =r —r’. The square brackets in the triple integrals

In the section entitled’he Linear Approximation to GR in
W. Rindler’s popular textbookssential Relativity [4], Rind-
ler derives the formulas for the time-retarded scalar ga@kn
¢, the time-retarded “gravitoelectric” acceleration fieJdhe

in (2) indicate that the integrands/f”’] and [pu/r”’] are to #F = —gmam (©6)
be integrated over the volume of the central object at the re- r2 g’
tarded time. wherer” /r” is a unit vector directed towards increasirig

Let m be the mass of a test-mass that occupies the field- By definition, the gravitational field of a source wtis

point atr, and letv be the inertial velocity of the test massihe gravitational force of the sourdn that acts on a test-
The analogous Lorentz force law, i.e., the formula for thassm at r per unit mass of the test-mass. The traditional

time-retarded gravitational fordeé acting onmatr, is [4] symbol for the Newtonian gravitational fieldgs Therefore,

the formula for the time-retarded elemental gravitatidieedl

F=- m(e+ :_L(v % h)) =_ mV(G fff[%] dV) - d3g of an elemental point-mass-sourcerafor a field-point
c r atr becomes

_m(vx(vX(i_ffff[f_f] dv))).(s) dsgzd‘%z_e‘i—,”z:—:. (7)

4 Joseph C. Hafele. Causal Version of Newtonian Theory Empldie Flyby Anomalies
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The negative sign indicates that the gravitational forcatis \Y
tractive.

Let t be the observed coordinate timeratlet t’ be the
retarded time at’, and letcy be the speed of propagation of 3
the gravitational field. The connection betwaemdt’ is sphere, gr_\d3g,,.

trajectory

i

r// r// v 3
t=t'+—, tU=t-—. 8) o+ d'g
Cq Cq X
Obviously,t(t’) is a function oft’, andvice versa, t'(t) is a Ty
function oft. The Jacobian for the transformation frano t’
is given by

Jacobian= E =1+ idr .
dt’ Cy dt/

)

This J bi . ded t ve the triole int | Fig. 1: Depiction of the vector distancesr’, andr” and the com-
IS Jacoblan IS needed 10 solve tnhe triple Iintegral over t&é’]ents of the vector field*g, d3y,, andd3gm.

volume of the central object. It leads to the necessary fac-
tor 1/cy, wherecy is the speed of propagation of the Earth’s

gravitational field [5]. imation, the Earth was simulated in [5] by a large spinning
Let p(r') be the mass-density of the central object’at isotropic sphere.
Then , The formulas for the geocentric radial distance to the
dnv = p(r’)dV. (10) field-point and its derivative are
The resulting formula for the elemental total gravitatibna rp(1+¢)
field d%, which consists of the radial componedty, and re) = 1+ zcosd
the transverse componeify,,, becomesi3g = d3g, + d3g,,. 2 , (14)
_ _ trt r trt da r@° ¢ .
The diferential formulas for each component become - sing
dmy (r” dmy (r” ; ; ;
&g, =-G—(—] . &gy =-G—|—| . (11) Wheredisthe parametric polar coordinate angle for the space-
2 \r” ), 2 \r” e craft in the plane of the trajectory, is the geocentric radial

where ¢”/r”), is the radial component of the unit vector angistar_lce at per_igee, ads the eccentricity of the trgjec_tory.
(r” /r")ut is the transverse component of the unit vector. The It is shown in [5] that the formula for the Jacobian is

total field is obtained by a triple integration over the vokim . 1dr”
of the central object at the retarded time. Jacobiarn= 1 + QE -
Let (X, Y, Z) be the rectangular coordinates for the iner- ror
tial frame-of-reference, and let tiaxis coincide with the =l-—= (Qs — Qe) cost’ sing'. (15)
spin axis of the central object. L&C be the relative radial “

component, and |&EC; be the magnitude for th&-axis com- It is also shown in [5] that the only term fatg,, that will
ponent of the relative transverse component. As can be sg@rvive the triple integration is
in Fig. 1, the formulas foRC andTC; are related ta, r’,

andr” by g = - Gpre dr

r

2~ Qe cog(1) I1G

dvdy, (16)

E
r-r r-r—r-r

= = wherep is the mean value fgs(r’) and the formula for the

r( r | r(r N , (12) integrandis
rxr’)z _(Fxr)z _ Ixly =Ty 3 -
TG, = - - r r r/4 s n2 ’
Z r'r r'r r'r IG = —Ep(_)—400§(/l/) | ¢2 (17)
’ e r Y rE (1 + X)
wherer,, r,, are theX, Y components of, andr{, r{, are the
X, Y components of’. where the variable is defined by
The formula for the magnitude gf,; becomes [5] rr2 r
X = i 2? cosl’ cosg’. (18)

dnv .
Gurt = fff (_ G 12 ) (TCz) (Jacobiaj. (13) It has been shown in [5] that the resulting formula for the

The triple integral is rather easy to solve by using numerp_agnltude of the transverse componentis
lg veq Qy(6) — Qe

ical integration if the central object can be approximatgdb gi(0) = — G 1€ e co2(A(6)) PS(r(6), (19)

large spinning isotropic sphere. To get a good first approx- r‘é Cy Qe

Joseph C. Hafele. Causal Version of Newtonian Theory Empldie Flyby Anomalies 5
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whereG is the gravity constantle is the Earth’s spherical  The anomalous time rate of change in the spacecraft’s or-
moment of inertiatg is the Earth’s spherical radiuQg is the bital energy is given by the dot produet; F,. It has been
Earth’s spin angular speedkq is the Earth’s equatorial sur-shown in [5] that the calculated asymptotic speed-change,
face speedy is the speed of propagation of the Earth’s gravévyy, is given by

tational field 9 is the spacecraft's parametric polar coordinate S0yt = Svin + Souts (22)
angle in the plane of the orbit or trajectofy, = dg/dt is the where
spacecraft's angular speed, is the azimuthap-component 8vin = 60(Omin) » Svout = 00 (Bmax) » (23)

of Qy, 1 is the spacecraft's geocentric latitudds the space-

craft's geocentric radial distance, afm$b(r) is an inverse- and

cube power series representation for the triple integret ov su(6) = Yin f
the Earth’s volume. The formula f&S(r) is [5]

 14(6) Fa(6) da

Z dg. (24)

3 2 4 6 The angle®nin anddmax are the minimum and maximum val-
PS(r) = (r_E] [Co . Cz(r—E] N C4(r_E] N Ce(r—E] ] . ues for6. The initial speedin=0v(fmn). The speed-change
r r r r 6v(6) is proportional tavi,, which satisfies the third require-
ment of the empirical prediction formula.
where the values for the cfieients are
3 Summary of the change in the Moon'’s orbital speed
Co=050889 Cp=0.13931 caused by the Earth’s time-retarded transverse gravi-

C,=001013 C=0.14671 tational field

. . L In 1995, F.R.Stephenson and L.V.Morrison published
If the m_agmtude IS nega_tlvez l.e., 4, > Qg (prograde), ]@ remarkable study of records of eclipses from 700BC to

the vector field componegt is directed towards the east. |1990AD [6]. They conclude 1) the LOD has been in-

Q, <0 (retrograde), it |s_d|rected towards the west. .. creasing on average during the past 2700 years at the rate of
The formula for the time-retarded transverse gralvnallonj@\]_.70J_rO'O5 ms cy? (i.e. (+17.0+0.5)x 10 s per year)

field, gy, satisfies the first requirement of the empirical pr '

diction formula. It is proportional toeq/Cq = veg/C. But the

empirical prediction formula also requires that the speg

change must be in th@-component of the spacecraft’s ve

locity, v,. The magnitude for tha-component is defined by

%) tidal braking causes an increase in the LOD+@f3+0.1
scy!(i.e. (+23+1)x10°%s peryear), and 3) there is a non-
al decrease in the LOD, numericaly0.6+0.1 ms cy*
(i.e. (-6+1)x 1078 s per year).
Stephenson and Morrison state that the non-tidal decrease

da da do da in the LOD probably is caused by post-glacial rebound. Post-
n=N—=N ==, (20) glacial rebound decreases the Earth’s moment of inertia,
dt do dt de o ;
which increases the Earth’s spin angular speed, and thereby
wherer, is theA-component of. decreases the LOD. But post-glacial rebound cannot change

The velocity componenty,, is orthogonal tgy,,. Con- the Moon'’s orbital angular momentum.
sequently,g,; cannot directly change the magnitude iyf According to Stephenson and Morrison, tidal braking
(it changes the direction). causes an increase in the LOD of 23) x 10°® seconds per
However, a hypothesized induction-like field, designatgear, which causes a decrease in the Earth’s spin angular mo-
F,, can be directed perpendicularlygg in thev,-direction. mentum, and by conservation of angular momentum causes
Assume that thep-component of the curl of~, equals an increase in the Moon’s orbital angular momentum. It has
—kdg,./dt, wherek is a constant. This induction-like fieldbeen shown in [5] that tidal braking alone would cause an in-
can cause a small change in the spacecraft’s speed. The recgase in the Moon’s orbital speed of #9) x 107° my/s per
rocal of the constark, v, = 1/k, called the “induction speed”, year, which corresponds to an increase in the radius of the
becomes an adjustable parameter for each case. The avevagen’s orbit of (14+ 1) mm per year.
for all cases gives an overall constant for the causal theory  But lunar-laser-ranging experiments have shown that the
The formula for the magnitude d&f, has been shown inradius of the Moon'’s orbit is actually increasing at the i@fte
[5] to be (38+1) mm per year [7]. This rate for increase in the radius
veg e (0 1(6) Q(6) 1 dr dgu corgesponds to an increase in tr_\e orbital spe_ed of:(BR2x
IO T o . ddo do. (21) 10 m/s per year. Clearly there is an unexplained or anoma-
k ° e E E lous diference in the change in the radius of the orbit of

The acceleration caused Iy, satisfies the second require(_24if) mrgfper year (3;]9" 14h: 24), _andha col;_resT‘pondEg ;
ment of the empirical prediction formula, the one that r@nomalous dierence In the change in the orbital speed o
quires the anomalpus force to changetheomponentofthe = | op means length-of-solar-day and ms tymeans milliseconds per
spacecraft's velocity. century.

6 Joseph C. Hafele. Causal Version of Newtonian Theory Empldie Flyby Anomalies
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* rp/Te P Ovyr Ovlyy
(hours) | (mmys per year)| (mnys per year)
Cassini
2 11.2 +315 -517
15
GLL-IT 3 20.7 +29.5 -76.8
Vi 4 31.8 +3.93 -21.0
Veq GLL-I
1 5 44.4 +0.173 -7.97
10 F
| 6 | 584 ~0.422 -3.69
- }M°;',‘GER sRosetta 7 | 736 -0.442 -1.95
.l NEAR 8 89.9 -0.362 -1.14
Table 1: Calculated period (in hours) and predicted speed-change
for prograde orbitsuvy, (in mnys per year), and the predicted speed-
0 , ) , ) ) change for retrograde orbiésr,, (in mnys per year), for a spacecraft
0 : % cccentricity & 5 6 in a near-Earth orbit witl = 0.5, aeq= 45, 1y = 45, vx = 14veq, and
y €

for r, ranging from 2 to 8r. [5].
Fig. 2: Required induction speed ratio (designate@)pyi /veq + an
estimate for the uncertainty, versus eccentrieityThe mean value

for all seven ratios is shown by the horizontal line. orbital properties of the spacecraft; radius at periggec-

centricity , inclination to the equatorial plane,, and lati-

o - tude at periged,, and the induction spead. If =0 or if

(733J_r 3) x 10~ m/s per year (52 19= 33). Th_ls lunar or- eq=0, the speed-changey; = 0. Even ife 0 andaeq#0,
bit anomaly” cannot be caused by post-glacial rebound, lgyttn is still equal to zero if perigee is over the equatty 0°)

it can be caused by the proposed causal version of NewtQ§}'$ne of the polest, = +90°). The maximum speed-change

theory. _ _ occurs for spacecrafts in highly eccentric and inclinedrnea
It has been shown in [5] that the causal version of Netxih orbits.

ton’s theory produces a Chang_e in the Moon’s orbiftal spe_ed of Assumec = ¢ and the induction speed is its largest prob-
(-33+3) x 10°° nys per year if the value for the inductiompe value vy, = 14veq  Suppose the orbital properties for a
speedv = (8 + 1)veq. Therefore, the causal theory eXpla‘”§pacecraft are=0.5, aeq=45, and1,=45". Letr, range
exactly the lunar orbit anomaly. It gives a new closed ori,m, 2r, to 8r.. The periodP is given by Kepler's 3rd law,
case for anomalous speed-changes. and the annual speed change for progiagie= Nreydvyt, and
&or retrogradesvry; = Nreydvyt, WhereNrey is the number of
revolutions per year. Calculated speed-changes are listed

Table 1 [5].
It has been shown in [5] that the causal version of Newton’s

theory explains exactly the six flyby anomalies reported iy Other theories which explain the Earth flyby anoma-
Andersonet al. [1]. The required values fas cluster be- lies

tween Geqand 1%eq _ _ There are at least two other published theories that exttiain
A graph of the required induction speed rati@gveq Ver- - Earth flyby anomalies: 1) the 3-space flow theory of R. T. Ca-

sus eccentricity, Fig. 2, shows that the required value fer pjj| (8], and 2) the exponential radial field theory of H. J.-Bu
for the lunar orbit anomaly is consistent with the requiral v 5o 9.

ues foruy for the six Earth flyby anomalies. The average | [g] Cahill reviews numerous Michelson interferome-

standard deviation is ter and one-way light-speed experiments which clearly show
— _ an anisotropy in the velocity of light. His calculated flyby
b= (10%4)veq = 5+ 2 knys (25) speed-changes depend on the direction and magnitude for 3-

It will be interesting to compare this average; 8 knys, with  Space inflow at the spacecraft on the date and time of the

parameter values for other flyby theories. flyby. Canhill founo! that the average speed for 3-space inflow

is 12+5 knys. Cabhill's average, H5 knys, essentially equals
5 Predicted speed-changes for future high-precisionthe average value fax (25), 5+2 knys.
Doppler-shift experiments In [9] Busack applies a small exponential correction for

The speed-change caused by the causal version of NewtdisEarth’s radial gravitational field. If (r,v) is Busack's
theory depends on the speed of gravigy the properties of COrrection, the inverse-square law becomes

the central sphere; maddg, radiusr., angular speedg, GME r

moment of inertide, and equatorial surface spegg, on the gi(r.v) = - —5=—(1+ f(r.0)),

4 Calculated speed-changes caused by the time-retarde
version of Newton’s theory

Joseph C. Hafele. Causal Version of Newtonian Theory Empldie Flyby Anomalies 7
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h f . d 6. Stephenson F.R. and Morrison L.V. Long-term fluctuatiamsthe
where (r’ v) IS expressed as Earth’s rotation: 700 BC to AD 199@Philosophical Transactions of
F—r the Royal Society of London A, 1995, v.351, 165-202.
f(r,v) = Aexp(— £ ) .

7. Measuring the Moon’s DistanceP!| Bulletin, 1994, httpyeclipse.gsfc.
B—C(r-v)/(r - vsun)

nasa.goySEhelpApolloLaser.html

The velocityv is the velocity of the field-pointin the “gravita- 8 g;g'IbvsﬁTgéizcﬁgf'tngEami@ELE;’;;;Yéiﬁrﬁgtggtlg'?geaggm'ssep?d
tional rest frame in the cosmic microwave background”, and space flowProgressin Physics, 2009, v.4, 50-64.
vsun is the Sun’s velocity in the gravitational rest frame. Nu-g. Busack H.J. Simulation of the flyby anomaly by means of apigoal
merical values for the adjustable constants are approgignat  asymmetric gravitational field with definite spatial orition. arXiv:
A=22x10"% B=29x10°m, andC=2.3x10° m. Busack 9en-pii0711.2781.
found that these values produce rather good agreement with
the observed values for the flyby speed-changes.

Both of these alternative theories require a preferred
frame-of-reference. Neither has been tested for the lurir o
anomaly, and neither satisfies the causality principle beza
neither depends on the speed of gravity.

7 Conclusions and recommendations

This article shows conclusively that the proposed causal ve
sion of Newton’s theory agrees with the now-known facts-
of-observation. It applies only for slow-speeds and weak-
fields. Hfects of time retardation appear at the relatively large
first-orderv/cy level, but they have not been seen in the past
because they decrease inversely with the cube of the closest
distance. If perigee is very close, however, time retaodati
effects can be relatively large. It is recommended that vari-
ous available methods be used to detect new observations of
effects of the causality principle.
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Dynamical 3-Space Gravitational Waves: Reverberation Hects

Reginald T. Cahill and Samuel T. Deane
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Gravity theory missed a key dynamical process that becarparept only when ex-
pressed in terms of a velocity field, instead of the Newtowgjavitational acceleration
field. This dynamical process involves an additional seéiaction of the dynam-
ical 3-space, and experimental data reveals that its stlréagset by the fine struc-
ture constant, implying a fundamental link between grasitgl quantum theory. The
dynamical 3-space has been directly detected in numerghsdpeed anisotropy ex-
periments. Quantum matter has been shown to exhibit anexatieh caused by the
time-dependence and inhomogeneity of the 3-space flowgivie first derivation of
gravity from a deeper theory, as a quantum wave refractitece EM radiation is
also refracted in a similar manner. The anisotropy experimbave all shown 3-space
waveturbulence fects, with the latest revealing the fractal structure op8eg. Here
we report the prediction of a newfect, namely a reverberatiofffect, when the gravi-
tational waves propagate in the 3-space inflow of a large mEss dfect arises from
the non-linear dynamics of 3-space. These reverberatimuld ofer an explanation for
the Shnoll &ect, in which cosmological factors influence stochasticesses, such as
radioactive decay rates.

1 Introduction Analysis of Bore Holeg anomaly data revealed thatis the

Newton's inverse square law of gravity, when expressedeHe ‘:structure coTstant [1]. The additional dynamics exyslai
terms of an acceleration fietifr, t), has the dferential form: the “dark matter” fects, and so may be referred to as the
dark matter term:
V.g=-4nGp, Vxg=0 (1)
07
where G is the gravitational constant gnds the real mat- pom(r) = 75 = ((trD)? - tr(D?)) (5)
ter density. The field was believed to exist within an actual
Euclidean space. It has become increasingly evident tirowghereby
the observation of spiral galaxies, the expanding univanske
gravitational anomalies, that Newton’s inverse squareitaw ov v2
an incomplete theory of gravity. However a unique gener- V.g=V- (ﬁ + V(E)) = —47G (om +pom)  (6)
alisation of (1) has lead to a resolution of these anomalies,
by writing the acceleration field(r,t) in terms of the Euler

_ Hot Dynamical 3-Space is unlike the dualistic space and aeth-
acceleration of a velocity field(r, t) [1, 2]:

er theories of the past, as herein only space exists, and ther
is no aether. This dynamical and structured space provites a
observable and observed local frame of reference. The flow of
ry the dynamical 3-space has been detected many times dating
V. (E +(v- V)v) = —4nGp, Vxv=0. (3) back to the Michelson and Morley 1887 experiment, which

has always, until 2002, been mistakenly reported as a null ex

This approach utilises the the well known Galilean Cova”?’gbriment. Wave fects, essentially gravitational waves, are
Euler acceleration for a fluidic flow of the substratum wit pparent in the data from various anisotropy experiments

velocity v(r, t). The velocity field is defined relative t0 anarge part of understanding gravitational waves lies in how
observer. The time dependent nature of the flow means Q’r‘f%%/ originate, and also in understanding how they progagat
Newtonian gravity, within this flow formalism, can SUPPORris work herein investigated the propagation of theseigrav
wave phenomena. But a unique term can be added to (3) igbnal waves within the background in-flow of a large mass,
generalises the flow equation, but also preserves the Keglgsh a5 the earth or the sun. In doing so it was discovered that
rian nature of the planetary motions that underlie Newtorg, 4ynamics of the propagation resulted in a reverberation

gravity formalisation: effect, caused by the non-linear nature of the flow dynamics,
apparentin (3) and (4).

ov
g= E+(V-V)v, (2)

V. (Z_‘t’ + (V- V)v) + % ((trD)? - tr(D?) = —4Gp,

(4) *Vacuum mode Michelson interferometers have zero sergitwithese
Vxv=0 D = } % % waves. So such devices have a fundamental design flaw whended to
- =9 ax;  ox) detect such waves.

R.T. Cahill and S.T. Deane. Dynamical 3-Space Gravitatidfeves: Reverberationfiects 9
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2 3-Space flow dynamics

First we establish the in-flow of space into a spherical ma
assuming for simplicity that the mass is asymptoticallyeat r
which means that the in-flow has spherical symmetry. In t
case of the earth we know that the earth has a large velos
with respect to to the local 3-space frame of reference, so
486 kms in the direction RA= 4.3", Dec= -75° [3]. Here
we restrict the analysis to the case of a spherically synime
inflow into a spherical mass, with densjifr) and total mass
M. Then (4) becomes/(= du(r, t)/r)

’ ’
v 2vv a
—+vv”+T+(v’)2+—

v o
5t 5 (— + T) =-47Gp (7)

2r2
which for a static flow has the exact solution
, 28 26 ('
re ==+
R A T
if 4nst3p(s)ds
r

+ z
(1-gre

4nSp(s)d s+
(8)

HereM is the total matter mass, ads a free parameter.
The term B/r*/? describes an inflow singularity or “black

Inital 3—Space Velocity Profile

In—Flow Velocity
A b s

In—Flow Velocity
| | | | | |
N T SR S N

hole” with arbitrary strength. This is unrelated to the put:
tive black holes of General Relativity. This corresponda tc
primordial black hole. As well the last term in (8) also ha
a 1/r%/? inflow-singularity, but whose strength is mandate 0
by the matter density, and is absent wh€n) = 0 every-
where. This is a minimal “black hole”, and is present in a
matter systems. Thes2r®/? term will produce a novel long
range gravitational acceleratign= o/2r**/2, as observed
in spiral galaxies. For the region outside the sun Kepleri
orbits are known to well describe the motion of the plane
within the solar system, apart from some small correctior
such as the Precession of the Perihelion of Mercury, whi 0.2 0.4 0.6 0.8 1.0

follow from relativistic dfects in the more general form of r

(2) [1]. The casg = 0 applies to the sun and earth, having

only induced “Minimal Attractor” black holes. These minFig. 1: Inflowing 3-space perturbatias(r, t) (red) and un-perturbed
imal black holes contribute to the externgl) = GM*/r2 inflow o(r) (blue) velocity profiles outside a mass, with the waveform

gravitational acceleration, through affieztive mass u(r.1) also shown magnified (yellow).

In—Flow Velocity
o

- [07
M~ M+ EM ©) spherically symmetric incoming wave, which is clearly un-

) ) ) ) realistic, and so find numerical solutions to (7), by using th

Outside of a sph_erlcal mass, with only an |nduceq b'*’ﬂ‘ﬁhsatzu(r, t) = o(r) + w(r, ), wherev(r) ~ —1/ \F is the static
hole, (8) has a solutionec 1/ v, and therppm = 0 outside jn_flow from (8), applicable outside of the stpianet, and so
of the sphere, which explains why the-term in (4) went gnoring the galactic background flow, and whexe t) is the
undiscovered until 2005. wave dfect, with the initial wavew(r, 0) having the form of
a pulse, as shown in fig.1, where the time evolution@ft)
is also shown. We see that the initial pulse develops follow-
We now demonstrate that gravitational waves incoming dRg copies of itself. This is a direct consequence of the non-
say, a star or planet develop reverberations, in which tivewéinearity of (4), or even (3).
generates following copies of itself. For numerical accyra  These reverberations are expected to be detectable in EM
in solving for time dependentfiiects in (4), we assume aspeed anisotropy experiments. However because the 3-space

3 Gravitational wave reverberations

10 R.T. Cahill and S.T. Deane. Dynamical 3-Space Gravitatidfeves: Reverberationfiects
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Fig. 2: Representation of the wave data revealing the fresttured
structure of the 3-space, with cells of space having skgtiitferent
VEIOCItIF,"S’ and continually changing, and moving with exifio the 5. Shnoll S.E. Cosmophysical Factors in Stochastic Presegsmerican
earth with a speed 6f500kms, from [4]. Research Press, Rehoboth, New Mexico, USA, 2012.

is fractal, as illustrated in fig.2 [4], the reverberations ax-
pected to be complex. As well all systems would generate
reverberations, from planets, moons, sun and the galaxg. Th
timescale for such reverberations would vary considerably
As well as being directly observable in EM anisotropy and
gravitational wave detectors, these reverberations wafild
fect, for example, nuclear decay rates, as the magnitude of
the 3-space fractal structure is modulated by the reverber-
ations, and this fractal structure will stimulate nucleao-p
cesses. Patterns in the decay rates of nuclei have been ob-
served by Shnolkt al, with periodicities over many time
scales [5].

The 3-space is detectable because the speed of EM waves,
in vacuum isc ~ 300, 000knys with respect to that space it-
self, whereas an observer, in general, will observe ampgtr
when the observer is in motion with respect to the space. This
effect has been repeatedly observed for over 120 years. The
anisotropy detections have always revealed yiavieulence
effects, including the original Michelson-Morley experiment
These wave féects are known as "gravitational waves”, al-
though a more appropriate description would be "space wa-
ves”. Inthe limita — 0, (4) and also (7) still have space wave
effects, but these generate gravitational walfeats, namely
fluctuations in the matter acceleration figjd, t), only when
a # 0. So thea-dynamical term is not only responsible for
the earth bore holg anomaly, and for the so-called "dark
matter” efects in spiral galaxies, but can also result in forces
acting on matter resulting from the space wave phenomena,
and will be large when significant wavdfects occur, with
large wave ffects being essentially a galactitext.

R.T. Cahill and S.T. Deane. Dynamical 3-Space Gravitatidfeves: Reverberationfiects 11
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Derivation of Electromagnetism from the Elastodynamics
of the Spacetime Continuum
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University of Ottawa (alumnus), Ottawa, Canada. E-mairieiAMillette @alumni.uottawa.ca

We derive Electromagnetism from the Elastodynamics of thac&time Continuum
based on the identification of the theory’s antisymmetrtation tensor with the elec-
tromagnetic field-strength tensor. The theory provides ysighl explanation of the
electromagnetic potential, which arises from transveskedring) displacements of the
spacetime continuum, in contrast to mass which arises formitudinal (dilatational)
displacements. In addition, the theory provides a physigplanation of the current
density four-vector, as the 4-gradient of the volume dilataof the spacetime con-
tinuum. The Lorentz condition is obtained directly from theory. In addition, we
obtain a generalization of Electromagnetism for the situatvhere a volume force is
present, in the general non-macroscopic case. Maxwelliateans are found to remain
unchanged, but the current density has an additional teomoptional to the volume
force.

1 Introduction This allows us to dferentiate between for examplg., the

Since Einstein first published his Theory of General ReJati\e/IECt.romagnet'C permeability of free space, ppdhe L"?‘me
lastic constant for the shear modulus of the spacetime con-

ity in 1915, the problem of the unification of Gravitation an?
Electromagnetism has been and remains the subject of eontin 4™
uing investigation (see for example [1-9] for recent atteshp o Theory of Electromagnetism from STCED
The Elastodynamics of the Spacetime Continuum [10, 11] L
is based on the application of a continuum mechanical #p1 Electromagnetic field strength
proach to the spacetime continug8TC). Electromagnetism In the Elastodynamics of the Spacetime Continuum, the anti-
is found to come out naturally from the theory in a straighdymmetric rotation tensap*” is given by [11]
forward manner.

In this paper, we derive Electromagnetism from the Elas- W = 1 (U —u"™) (1)
todynamics of the Spacetime ContinuuSTCED). This the- 2
ory thus provides a unified description of the spacetime dghereu is the displacement of an infinitesimal element of
formation processes underlying general relativistic Gaav the spacetime continuum from its unstrained posigariThis
tion [11] and Electromagnetism, in terms of spacetime ca@nsor has the same structure as the electromagnetic field-

tinuum displacements resulting from the strains genetayedstrength tensofF*” defined as [13, see p. 550]:
the energy-momentum stress tensor.
FH = gtAY — VA 2

1.1 Anote on units and constants whereA¢ is the electromagnetic potential four-vectgr &),

In General Relativity and in Quantum Electrodynamics, it is the scalar potential anithe vector potential.
customary to use “geometrized units” and “natural units” re Identifying the rotation tensa&*” with the electromag-
spectively, where the principal constants are set equal toetic field-strength tensor according to
The use of these units facilitates calculations since cumbe
some constants do not need to be carried throughout deriva-
tions. In this paper, all constants are retained in the deriVeads to the relation
tions, to provide insight into the nature of the equationage 1
developed. A= == ol 4)

In addition, we use rationalized MKSA units for Electro- 2
magnetism, as the traditionally used Gaussian units ack grahere the symbolic subscript of the displacement* in-
ually being replaced by rationalized MKSA units in more ralicates that the relation holds for a transverse displaneme
cent textbooks (see for example [12]). Note that the elect{perpendicular to the direction of motion) [11].
magnetic permittivity of free spacgny, and the electromag-  Due to the diference in the definition @ andF*” with
netic permeability of free spagen, are written with ‘em” respect to their indices, a negative sign is introduced,ignd
subscripts as the “0” subscripts are use&ICED constants. attributed to (4). This relation provides a physical exjpkaom

F* = pout” 3)

12 Pierre A. Millette. Derivation of Electromagnetism frahe Elastodynamics of the Spacetime Continuum
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for the electromagnetic potential: it arises from transeeror, using the relatioe = 1/ y/€amftem,

(shearing) displacements of the spacetime continuumin co 1 0 + Ao

trast to mass which arises from longitudinal (dilatati¢i- 0 = = Po€amC \EVE. (13)

placements of the spacetime continuum [11]. Sheared space- 2 210

time is manifested as electromagnetic potentials and field2Jp to now, our identification of the rotation tensof” of the

Elastodynamics of the Spacetime Continuum with the elec-

2.2 Maxwell's equations and the current density four- tromagnetic field-strength tensé#” has generated consistent

vector results, with no contradictions.

Taking the divergence of the rotation tensor of (1), gives 23 The Lorentz condition

S = 1 W, — ) (5) The Lorentz condition can be derived directly from the the-
HoW M e ory. Taking the divergence of (4), we obtain
. . . 1
Recalling (28) from Millette [11], viz. A, = -3 G0l . (14)
HoU™y + (po + AU, = =X (6)  From (23) of [11], viz.
where X” is the volume force andy and g are the Lamé oy =uty, =0, (15)
elastic constants of the spacetime continuum, substitditin (14) simplifies to
u”#, from (6) into (5), interchanging the order of partial dif Impitl AL —0 16
ferentiation inu**, in (5), and using the relatiomt',, = &, = H (16)
£ from (19) of [11], we obtain The Lorentz condition is thus obtained directly from the
theory. The reason for the value of zero is that transverse
S = 210 + Ao &+ 1 X" @) displacements are massless because such displacemsats ari
. 2u0 2u0 from a change of shape (distortion) of the spacetime contin-

. . ) uum, not a change of volume (dilatation).
As seen in [11], in the macroscopic local case, the volume

forceX” is set equal to zero to obtain the macroscopic relatig  Four-vector potential
2u0 + Ao Substituting (4) into (5) and rearranging terms, we obth@ t

WV

"y o (8) equation

VZA - AW# = oy (7)

Using (3) and comparing with the covariant form of MaXsng, using (3) and (9), this equation becomes
well's equations [14, see pp. 42—43] .
VZA — A, = pem]”. (18)
/IV_ — N4
P = Hem] ©) Interchanging the order of partialftérentiation in the term
A, and using the Lorentz condition of (16), we obtain the

- : s . :
where j” is the current dfnsny four-vectocd, D 0 is the well-known wave equation for the four-vector potential [14
charge density scalar, ands the current density vector, we

obtain the relation see pp.42-43]

VZA = pemi”. (19)
i =22 ot do (10) The results we obtain are thus consistent with the macro-
Hem 2o scopic theory of Electromagnetism, with no contradictions

This relation provides a physical explanation of the cug  Electromagnetism and the volume forcex”
rent density four-vector: it arises from the 4-gradienttud t

volume dilatation of the spacetime continuum. A corollafy
this relation is that massless (transverse) waves canngt ¢
an electric charge or produce a current.

(y\/e now investigate the impact of the volume forké on
ghe equations of Electromagnetism. Recalling (7), Maxwell
equation in terms of the rotation tensor is given by

Substituting forj” from (10) in the relation [15, see p. 94] W, = 2u0 + Ao &t 1 N (20)
. 210 2uo
i}y = 0% (11) - . .
’ Substituting forw*” from (3), this equation becomes
we obtain the expression for the charge densit 2 Ao .
P g Y S R (21)
2u0 2u0
_1 ©o 2}10+/lo > 12 i ]
C T et 2w VOOV (12)  The additionaX” term can be allocated in one of two ways:

Pierre A. Millette. Derivation of Electromagnetism frometElastodynamics of the Spacetime Continuum 13
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1. eitherj” remains unchanged as given by (10) and the Using (28) into (21) yields the same covariant form of the
expression fof~*"., has an additional term as develMaxwell equations as in the macroscopic case:
oped in Section 3.1 below,
2 y ) . F'uv;# = ,uemJV (29)
. orF*., remains unchanged as given by (9) and the ex-
pression forj” has an additional term as developed iQnd the same four-

X vector potential equation
Section 3.2 below.

Option 2 is shown in the following derivation to be the logi- VPA = ptem]” (30)

cally consistent approach. i
in the Lorentz gauge.

. -
3.1 J" unchanged (contradiction) 3.3 Homogeneous Maxwell equation

Using (10) (* unchanged) into (21), Maxwell's equation be1"he validity of this analysis can be further demonstratedifr

comes ) ®o the homogeneous Maxwell equation [14]
FY = ptem]” + 2—— X". (22)
20
Using (20) into (17) and making use of the Lorentz condition,
the wave equation for the four-vector potential becomes Taking the divergence of this equation ower

OFP + PP + 9'FF = 0. (31)

VA = g X = ] (23) 0.0 FY + 0, F" + 9, FP =0 (32)

] . , , ] Interchanging the order of ierentiation in the last two terms
In this case, the equations féf”;, and A” both contain an 5nq making use of (29) and the antisymmetrfFéf, we ob-

additional term proportional t&¥". tain
We show that this option is not logically consistent as fol- V2EPY 4 pen(iP7 — j7#) = 0, (33)
lows. Using (10) into the continuity condition for the cumte o .
density [14] Substituting forj* from (28),
0, =0 24 . . . .
J B Gormr - 20 (g 4 do)(e — )+ 07 09, (3
yields the expression 2Ho
VZe = 0. (25) (42) of [11], viz.
This equation is valid in the macroscopic case wh¢fe- 0, 2 v w sl
but disagrees with the general case (non-2€fpgiven by HOVZE + (o + do)e™ = =X (35)
(35) of [11], viz. shows that*” is a symmetrical tensor. Consequently the dif-
ference termd#” — £77) disappears and (34) becomes
(2uo + 1)V = X, (26) 7o) disapp 34

208y — _ PO By _ xvB
This analysis leads to a contradiction and consequentigtis n VIR = 2ug (X X7). (36)

valid.
Expressing=*" in terms ofw*” using (3), the resulting equa-
3.2 F#., unchanged (logically consistent) tion is identical to (39) of [11], viz.
Proper treatment of the general case requires that thenturre oV = =X (37)
density four-vector be proportional to the RHS of (21) as fol
lows (F*"., unchanged): confirming the validity of this analysis of Electromagnatis
including the volume force.
Zuo+ o, LV 27) (28) to (30) are the self-consistent electromagnetic equa-

b .
Heml = %0 210 2410 tions derived from the Elastodynamics of the Spacetime Con-

tinuum with the volume force. In conclusion, Maxwell’'s equ-
BLtions remain unchanged. The current density four-vestor i
the only quantity fected by the volume force, with the addi-

1 ¢o Doy tion of a second term proportional to the volume force. It is
=5 (o + A0)e” + X']. (28) interesting to note that the current density obtained frben t

quantum mechanical Klein-Gordon equation with an electro-

Using this expression in the continuity condition for the-cumagnetic field also consists of the sum of two terms [16, see
rent density given by (24) yields (26) as required. p. 35].

This yields the following general form of the current deysi
four-vector:

. 2 flempo

14 Pierre A. Millette. Derivation of Electromagnetism frahe Elastodynamics of the Spacetime Continuum
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4 Discussion and conclusion 8.

In this paper, we have derived Electromagnetism from th
Elastodynamics of the Spacetime Continuum based on thé
identification of the theory’s antisymmetric rotation tens
" with the electromagnetic field-strength tengét. 10.

The theory provides a physical explanation of the electro-
magnetic potential: it arises from transverse (shearirgy) d
placements of the spacetime continuum, in contrast to mass
which arises from longitudinal (dilatational) displacemseof
the spacetime continuum. Hence sheared spacetime is mgyi-
fested as electromagnetic potentials and fields.

In addition, the theory provides a physical explanation gfs.
the current density four-vector: it arises from the 4-geadi
of the volume dilatation of the spacetime continuum. A ceroli4.
lary of this relation is that massless (transverse) wavesaa
carry an electric charge or produce a current. 15.

The transverse mode of propagation involves no volume
dilatation and is thus massless. Transverse wave propagafiG'
is associated with the distortion of the spacetime contimuu
Electromagnetic waves are transverse waves propagating in
the STC itself, at the speed of light.

The Lorentz condition is obtained directly from the the-
ory. The reason for the value of zero is that transverse dis-
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Wave Eaqunsti

placements are massless because such displacements arise

from a change of shape (distortion) of the spacetime contin-
uum, not a change of volume (dilatation).

In addition, we have obtained a generalization of Electro-
magnetism for the situation where a volume force is present,
in the general non-macroscopic case. Maxwell's equations
are found to remain unchanged, but the current density has an
additional term proportional to the volume forke&.

The Elastodynamics of the Spacetime Continuum thus
provides a unified description of the spacetime deformation
processes underlying general relativistic Gravitatiod Ble-
ctromagnetism, in terms of spacetime continuum displace-
ments resulting from the strains generated by the energy-mo
mentum stress tensor.
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Peculiar Relationsin Cosmology
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Within the expanding cosmic Hubble volume, the Hubble lbrggtn be considered as
the gravitational or electromagnetic interaction randee product of ‘Hubble volume’

and ‘cosmic critical density’ can be called the ‘Hubble madased on this cosmic

mass unit, the authors noticed three peculiar semi empajmalications. With these

applications it is possible to say that in atomic and nuctgsssics, there exists a cos-
mological physical variable. By observing its rate of chante future cosmic accel-
eration can be verified, time to time Hubble’s constant caediagnated and finally a
unified model of the four cosmological interactions can bestiged.

1 Introduction value of the present Hubble’s constant is 70.75dedMpc.
If we write Ry = (c/Ho) as a characteristic cosmic HubFrom this relation it is clear that, in the presently belive

ble radius then the characteristic cosmic Hubbl(seHonumqu)lm'q anld nu_clslar‘ pglysu;al constants ,ther(T ex_|st|s ose Cf
Vo = %R, With reference to the critical density = -3 ang Mological variable! By observing its cosmological rate o

- % k. ” M . . g
the characteristic cosmic Hubble volume, the characterisqhange’ the *future” cosmic acceleration can be verified.

cosmic Hubble mass can be expressellas: pc-Vo = % 4 Application 3

If we do not yet know whether the universe is spatially closed. T i
or open, then the idea of Hubble volume [1-3] or Hubb eIth reference to the Planck malk, = yic/G and the ele

mass can be used as a tool in cosmology and unification. THEN@TY charge, a new mass unic = V€?/4n€qG can be
idea is very close to Mach’s idea of distance cosmic badg@nstructed. WittMo andMc it can be assumed that cosmic

ground. It seems to be a quantitative description to Mack¥$rmal energy density, matter energy density and theatiti
principle. In understanding the basic concepts of unificil€rgy density are in geometric series and the geometiac rat

tion of the four cosmological interactions, the cosmic uadiis 1+ In (). Thus,(;’;fz) = [1+In(32)] and (f;ch) =
(c/Ho) can be considered as the infinite range of the gravi 0 0

tional or electromagnetic interaction. Within the Hubbdg-v Ac o N
ume it is noticed that: 1) Each and every point in free Spar@e%pondlng present CMBR temperatureTis = 2.718 °K.

is influenced by the Hubble mass. 2) Hubble mass p|ayéngependent of the cosmic redshift and CMBR observations,

vital role in understanding the properties of eIectromaigneWith these coincidences it is possible to understand and de-
ide the cosmic geometry. The mystery can be resolved only

and nuclear interactions and 3) Hubble mass plays a key ﬂ_%e N )
in understanding the geometry of the universe. with further research, analysis, discussions and enceurag

ment.

- 2 . . .
[?L+ In (%)] . It is another peculiar observation and the cor-

2 Application 1
. . Submitted on December 13, 201&ccepted on December 17, 2012.
Note that large dimensionless constants and compound phys-

ical constants reflect an intrinsic property of nature [4J5] References

> . - .
PcC” 1S the present cosmic critical energy densny EHT(S 1. Seshavatharam U.V.S. Physics of rotating and expandauk ihole

is the present cosmic thermal energy density, with Mis universe Progressin Physics, 2010, v. 2, 7—14.
L . T2 4re,GM2 . -
it is noticed that In %' neoez 0 o~ % and at present if 2. tf]esfha\(/jatharatm| _Ut.\/.S.t.an;tLaI;?_hm;Inir)aya;afSA ng:;JIm;ﬁ&nd
~ ° e = e fTundamental iInteractionsater nation. urnal or Applied an -
To = 2725 °K, obtainedHp = 71415 km'se¢Mpc [6,7]. ural Sciences (IJANS), 2012, v. 1 (2), 45-58.
1

2
It is also noticed that Ip2™ ,/4”5‘:5""0 = 2 wherepn, is the 3. Seshavatharam U. V. S. and S. Lakshminarayana S. Atoreraaiand
pe ) the fundamental interaction&lobal Journal of Science Frontier Re-

present cosmic matter density. Obtainggz 6.70 x 1072° search (A), 2012, v. 12(5), 1.
kg/m® is matching with the matter density of spiral and el-4. Dirac P.A.M. The cosmological constaniature, 1937, v. 139, 323.
liptical galaxies. Please note that almost (60 to 70)% of thé. Dirac P.A.M. A new basis for cosmologiroc. Roy. Soc. A, 1938,

galaxies are in the form of elliptical and spiral galaxies. v. 165, 199.
o 6. Huchara J. Estimates of the Hubble Constétsrvard-Smithsonian
3 Application 2 Center for Astrophysics, 2010, http/hubble.plot.dat.

i i iti i __he o 7. Freedman W.L. et al. Final Results from the Hubble Spatestepe
With this Mo it is noticed that'Gmp Mome 1 Wheremp and. Key Project to Measure the Hubble Constaftie Astrophysical Jour-
me are the rest masses of proton and electron respectively. nal, 2001, v. 553 (1) 47-72.

This is a very peculiar result. With this relation, obtained

16 U. V. S. Seshavatharam and S. Lakshminarayana. Peculiati®ted in Cosmology
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Change of Measure between Light Travel Time and Euclidean B§tances
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The problem of cosmological distances is approached usimgthod based on the
propagation of light in an expanding Universe. From the geaof measure between
Light Travel Time and Euclidean Distances, a formula is\@&tito compute distances
as a function of redshift. This formula is identical to Mgt formula (withgy = 1/2)
which is based on Friedmann’s equations of general refativi

1 Introduction of LTDs, see (1). If we did not compute the scale factor on
Euclidean Distances were introduced in [1], and it was suf e basis of metric distances, the equation would fail tolwor

gested that Euclidean Distances need to be used in orde %‘ cosmologlcgl .redsh|fts, Wh'.Ch area homothetic transf
derive the galactic density profile which is the evolution gpation f_or describing the e\_/olutlon of light vyave!ength.
galactic density over time. The LTD (Light Travel Distance The mstantaneous_Euc.Ildean Hubblemnt 1S defmed.

is the distance traversed by a photon between the time i f‘sth? rqte of expansion n Euchdean_ metrics at any given
emitted and the time it reaches the observer, which may nt in time along the trajectory of a light ray reaching the
also referred to as the Light Travel Time. We define the Eposerver.

clidean distance as the equivalent distance that woulddaeih As space between the photon and the observer expands,

versed by a photon between the time it is emitted and the ti 1 €xpansion IS added to the overall distance the photsn ha

it reaches the observer if there were no expansion of the L}'Ti_travel in order to reach the observer; therefore, the Eu-

verse clidean Distance between the photon and the observer is de-
In the present study, a time-varying Hubble aéent fined by the following dfferential equations, respectively in

in the Euclidean framework is introduced assuming that tmae temporal and metric form:

Hubble law observed in the LTD framework is still applica- 1) In the LTD framework (the temporal form)
ble in the Euclidean framework. The model provides a “kine- dy
matic age of the Universe” which is purely mathematical as at —C+HoCT, ()
it is a result of the change of measure between LTDs and Eu-
clidean Distances. A proofis made that a flat Hubble constant
in the LTD framework (i.e that does not vary with LTD) is
equivalent to a second order forward time-varying Euclidea
Hubble codicient in the Euclidean framework.

where:y is the Euclidean Distance between the photon
and the observeT, the LTD between the observer and
the photong the celerity of light, andHg the Hubble
constant as of today;

2) Inthe Euclidean framework (the metric form)

2 Foundations of the theory % =—-c+Hi(t) y, 3)

The observed Hubble constant that is commonly referred to wherey is the Euclidean Distance between the photon

in the literature is a measure of space expansion with réspec and the observer, the celerity of light, ancH;(t) the
to LTDs. The Euclidean Hubble cfiesient is being defined Euclidean time-varying Hubble céigient.

as the space expansion with respect to Euclidean Distances, . .

This is a change of measure considering that the Euclidean':Or the purpose (.)f convenience Igt us con5|der'§he follow-
Hubble codficient varies with time such that the Hubble laA"¥ form for the Euclidean time-varying Hubble dbeient

is still applicable in the Euclidean framework. This leads t Hi(t) = E’ ()
the following equation t

a whereH;(t) is the Euclidean time-varying Hubble d&eient,

Hi(t) = 3 (1) nthe order of the time-varying Euclidean Hubble, arttie

time from the hypothetical big bang for which time was set to
whereH; is the instantaneous Euclidean HubblefGo®nt,a zero.
is the Universe expansion velocity aadhe scale factor Note that in the present study both the Hubble constant
The main postulate of the present study is that the Eand the Euclidean Hubble cieient are expressed in units
clidean Hubble coficient needs to be used in order to conef [time™1] by converting all distances into Light Travel Time,
pute the scale factor in metric distances and not on the basid with the celeritg = 1.

Yuri Heymann. Change of Measure between Light Travel TimeEBmnclidean Distances 17
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3 Proof that a flat Hubble constant in the LTD frame- photon
work is time varying of order two in the Euclidean Hisy o observer
framework -,

First, let us solve the élierential equation for the propagation * ¢
of light in the LTD framework assuming a flat Hubble con- t=Tb-T t=Tb
stant (i.e. that does not vary with LTD). Let us considerFailg 1: Schema to represent the propagation of light in armesp
(r;Egg?\r;el?gr?clilyr:(;t\lljii;egtaéeallelfilé/lq:;dtiin dﬁleséz(r)y;ﬁ:)ﬁ?etgi_ ing space in the Euclidean framework. Whérés the L.ight Trgvel

; . Distance between the observer and the source of lighs, the kine-
server. Let us say Is the.'n't'al LTD between the phOt.Onmatic age of the Universe, amdhe order of the time-varying Hub-
and the observer, and define the Hubble constant functiony@fcogficient (time zero set at time, from today).
LTDs.

The diferential equation describing the propagation of

light in the LTD framework is described by (2). By settinggy substitution ofy from (8), we get
time zero at a referench, in the past, we have= T, - T;
thereforedt = —dT. Hence, (2) becomes N i (n—1)T-Ho ~ Ho. (12)
To  To0(Tp-T-TF"(Tp-T)"

dy
— =C—HpcCT, ) ) ) )
dT Therefore, the “kinematic age of the Universe” is
with boundary conditiong(T) = yo, andy(0) = 0. n
By integration from O tdT, the following relationship re- Tp = A’ (13)
lating Euclidean Distancegto Light Travel Distanced is 0
obtained ) with Hp the Hubble constant as of today.
y=cT- CH;T . 6) By substitution ofTy, = & into (9), we get
Now let us derive the dlierential equation for the propa- cHp T2
gation of lightin the Euclidean framework assuming the time y=cT- 2 (14)

varying Hubble cofficient from (4) (see Figure 1). From the o ) ) )
differential equation describing the propagation of light i tH his solution is identical to (6) relating LTDs to Euclidean

Euclidean framework (3), we get Distances for the flat Hubble constant in the LTD framework.
This is the proof that a flat Hubble constantin the LTD frame-

% - _c+ n y. @) work is equivalent to a time-varying Hubble dheient of or-

dt t der two in the Euclidean framework. The equatitit) = 2/t

By integrating this first order non-homogeneougatiential S the connection between (2) and (3). _
equation betweeff, — T and Ty, the following solution is ~ We can easily show that the recession speed with the sec-
obtained which describes the relationship between Etatid@nd order time-varying Hubble cfiient in the Euclidean

Distances and LTDs framework is the same as the recession speed in the LTD
c . framework. The calculations are as follow
y=——(Tb-T-Tb"(Tb-T)"). (8)
-1l ) Hi) y = 2y = =28 (T - H°T2) (15)
By settingn equal to 2 in (8) for a second order time-varying WY =1v= Tp-T 2 )

Hubble codicient, we get o ) )
By substitution ofTy, from (13) (with a second order time-

T2 . . . -
y = C(T ~ T_). ©) varying Hubble cofficient) into (15), we obtain
b
H|(t)y = HOcT, (16)
Based on the recession speed, the relationship between the
Hubble constant defined function of LTDs, and the EuclideashereT is the LTD between the observer and the source of
Hubble, forT small is as follows light, andy the Euclidean Distance.

HocT = (10) 4 Evolutionary model of the scale factor

_n
(Th-T) v
The diferential equation describing the evolution of the scale

" . . L
Hence,r is obtained by computing the following limit factora s as follows, identical to (1),

n . HocT
T = I|m( 0 ) (11) % = Hi(t) a. a7)

18 Yuri Heymann. Change of Measure between Light Travel TinteEnclidean Distances
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As Hi(t) = 2, we get 7 Discussion
20 1 T o Based on the change of measure between LTD and Euclidean
f —da = f —dt. (18) Distances, a formula that expresses distances versusftedsh
a @ To-T is obtained. From the change of framework between LTD
By integrating (18) , we obtain and Euclidean distances, it has been proved that a flat Hub-
ble constant (that does not vary with LTD) is equivalent to a
n (@) _5 In( Th ) (19) time-varying Euclidean Hubble cfiient of order two. Fi-
ay To-T) nally, the evolutionary model of the scale factor is derived

and matched to the cosmological redshift equation in order
to obtain the LTD versus redshift equation. This equation is
2 T, \ identical to Mattig’s formula (withgp = 1/2) which is based
= (Tb - T) (20) on Friedmann’s equations of general relativity. The Eggdia
Hubble codicient was used in order to derive the evolution
of the scale factor in metric distances; otherwise, the cos-

which is equivalent to

a

5 Expression of distances versus redshifts mological redshift equation would not be applicable to figh
From cosmological redshifts, we have wavelengths. This study proposes a hew approach to compute
cosmological distances which is based on the introduction o
1+7 = &Y , (21) Euclidean Distances in addition to Light Travel Distanaes i
& an expanding Universe, and a change of measure. The cal-
Whereao is the present scale factm the scale factor at red-CUlationS involved are qUite Simple and our definition of Eu-
shift z clidean Distances may be used as a source of inspiration to
Combining (20) and (21), we get develop future cosmological models.
1 Acknowledgements
T=Ts (1 - ) . (22) i ) )
1+z The author is deeply indebted to Edmund Wood for his sup-

By substitution ofTy, from (13) for a second order time-port in correcting my English.

varying Hubble cofficient, we get the following equation re- Submitted on December 4, 2012ccepted on December 15, 2012
lating LTD to redshifts
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6 Comparison with the equation of Mattig 111,

The equation of Mattig [2] is as follows
1
—— X
Hog3(1 + 2)
x (qoz+ (G0 — D)(V1+200z— 1)), (24)

rRy =

wherer is the distanceg is the deceleration paramet&;
the present scale factar,the redshift,Hp the present scale
factor.

For comparison purpose with the equation of the present
study, we should sefp equal to 12 (flat matter dominated
Universe), andR, to 1. Therefore, we obtain

r 2(1— ! ) (25)

_H_o 1+z

This formula is identical to (23). We have just shown that
the solution to our problem is identical to Mattig formula fo
Jo equal to 12.
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The positive and negative parity states'®fiRu isotope are studied within the frame

work of the interacting boson approximation modéA — 1). The calculated levels
energy, potential energy surfac&§p, v), and the electromagnetic transition probabili-

ties, B(E1) andB(E2), show that®Ru isotope ha&(5) Characters. Staggeringfect,

Al =1, has been observed between the positive and negative parity states. The electric
monopole strengthX(EO/E2), has been calculated. All calculated values are com-
pared to the available experimental, theoretical data and reasonable agreement has been
obtained.

1 Introduction reducedB(E2, 0" — 2*) transition probabilities, quadrupole
+ -
The mass regiod =100 has been of considerable interst fonrwomentsQ(Z ) and g factors, g(2) are computed. Areason
. . . : able agreement between the calculated and observed values
nuclear structure studies as it shows many interesting fﬁa-

tures. These nuclei show back bending at high spin and sha|a3S been obtained.

transitions from vibrational tg-soft and rotational charac- 1 erﬁzsnggreonszzgg %n?n?/rerrsut)imafti\r?br;\tgrljv?/ﬁr?r?cigl\lﬂei\{fl)e
ters. Many attempts have made to explore these structtLrazl] - 98-108 vestigating ying
" : ; . states in Ru. Analysis for the level energies and elec-
changes which is due mainly to the n-p interactions, tric quadrupole decays of the two-phonon type of states in-
Experimentally, the nuclear reactid?Mo (a,xn) [1] has g b Y b yP

. . > dicated that®Ru can interpreted as being a transitional nu-
been used in studying levels energy'8tRu. Angular dis- P g

o S . cleus between the spherical anharmonic vibréftBu and the
tribution, y-y coincidences were measured, half-life time ha%

gl gsirotationa’roz“ 106Ry isotopes.
calculated and changes to the level scheme were propos A new emprical approach has been proposed [13] which
Also, double beta decay rate #’Mo to the first excited 0 P P prop

state of'Ru has been measured experimentally [2] usiis _based on the conne_cti_on b_etwe_en t_ransition energ?es and
. . P y @%m. It allows one to distinguish vibrational from rotational

Y commdencg techmqug. , characters in atomic nuclei. The cranked interacting boson

100 DoppIe:r—shlft gttenuatr:on measurements f‘;:'o‘l’;'”g, Nfodel [14] has been used in estimating critical frequencies
Ru (0 n 7) reacﬂoq [3] has used to meas.u'ret e life imQs; the rotation-induced spherical-to-deformed shape transi-

of the excited states itf°Ru. Absolute transition rates WeT&,n in A= 100 nuclei. The predictions show an agreement

extracted and compared with the interacting boson model h the back bending frequencies deduced from experimen-

scription. The 2(2240.8 keV) state which decays dominantlyal yrast sequences in these nuclei.

to the 2 via 1701 keV transition which is almost pukél in The aim of the present work is to use tHRA — 1 [15, 16]

nature considered as a mixed-symmetry state. A§¥Ru for the following tasks: ’

has been studied [4] experimently and several levels were ) _

seen where some new ones are detected below 3.2 Mey, 1+ Calculating the potential energy ;urfacg’iﬂ,.y), to
Theoretically many models have been applied to ruthe- know the type of deformation existing fét"Ru;

nium isotopes. Yukawa folded mean field [5] has applied to 2. Calculating levels energy, electromagnetic transition

100Ry nucleus while the microscopic vibrational model has ~ ratesB(E1) andB(E2);

applied to'%*Ru and some other nuclei with their daughters 3. Studying the relation between the angular momentum

[6]. The latter model was successful in describing the yrast | and the rotational angular frequenky for bending

0* and 2 states of most of these nuclei and also some of their  in 1°°Ru;

half-lives. 4. Calculating staggeringffect to see beat patterns and
The very high-spin states of nuclei neax200 are inves- detect any interactions between thev€) and (-ve)

tigated by the Cranked Strutinsky method [7] and many very  parity states, and

extended shape minima are found in this region. Interact-g Calculating the electric monopole strendtE0/E2).

ing boson model has been used in studyRugsotopes using

a U(5)-O(6) transitional Hamiltonian with fixed parameters (|Ba-1) model

[8-10] except for the boson numb&t. Hartree-Fock Bo-

goliubov [11] wave functions have been tested by comparil%g:L

the theoretically calculated results f5°Mo and'°°Ru nu- IBA-1 model was applied to the positive and negative parity

clei with the available experimental data. The yrast spectstates of'°°Ru isotope. The Hamiltonian employed in the

Level energies

20 Sohair M. Diab and Salah A. Ei(5) Characters t&°°Ru Isotope
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nucleus| EPS | PAIR | ELL QQ [OCT [HEX [ E2SDeb | E2DD(eb
100ry | 0.5950| 0.000 | 0.0085| —0.0200| 0.0000| 0.0000| 0.1160 | -0.3431

Table 1: Parameters used in IBA-1 Hamiltonian (all in MeV).

present calculation is:

25
H= EPS-ng+PAIR-(P-P) , i, Ba—
%5—
+1ELL-(L-1)+1QQ-(Q- Q) ) i— h
+50CT - (T3« T3) + SBHEX- (T4 - Ta) = zm.zz::
% 1 ~ o —
where g 3 |—
w =, e
. . 05 L — — —
1[ {(s'sH - VBd'd")O} x ](O) N g = =
P=5 o (2) — = ==
2] {(ssY - VB(da)} : PR
o A D gt HW]O L T Exp. BA1 (e) parity band
L-L=-10V3[[@d"x@d®]" (3) 15 ke 8 p 05 pliets b
(0)
{(ST& +dfg@ - g (d*&)@)}x A B
Q-Q=V5 L@ _ .
tg G9@ V7 4@ Fig. 1: A: Potential energy surfaces f°Ru. B: Comparison be-
(s'd++d9*” - > (d'd) . tween exp. [19] and theoretical IBA-1 energy levels.
T Oy (gt GO
Ts-Ts= W[(d d)*x(d"d) ]o ’ ©) 3 Results and discussion
T, Ts=3 [(d"'d)(“)x(d* a)(4)]f)0) . 6) 3.1 The potential energy surfaces

The potential energy surfaces [1¥(8, v), as a function of
In the previous formulagy is the number of bosor?- P,  the deformation parametegsandy are calculated using:
L-L,Q-Q,Ts-TzandT,- T4 represent pairing, angular mo- ] ]
mentum, quadrupole, octupole and hexadecupole interactions Ennn, (B,7) = <NiNyi By [Ha NNy fy> =

between the boson€PS is the boson energy; andAIR, = Za(N,NR)BA(L + B2) + B2(1 + )2

ELL, QQ, OCT, HEX s the strengths of the pairing, angular T

momentum, quadrupole, octupole and hexadecupole interac-  x {kNVN,r[4 - (Zriv)ﬁCOS 3/]} + ©
tions.

- = 1 1
+ {[erxvﬁz] + Nv(Nv - 1)(F) Co + 7 CZ),BZ} 5
2.2 Transition rates

The electric quadrupole transition operator employed in tk\{@ere

_ 2\05
study is: X, = (?) X, p=mn Or v. (20)
TED = E2SD-(s'd+d's)@+ The calculated potential energy surfacé4g,v), are
+ L E2DD- (d'd)@ (7) presented in Fig. 1A. The flat potential in the critical sym-
= .

metry point has supported quite well tB€5) characters to

. 100Ru nucleus. Also, the energy ratios presented in Table 4

E2S DandE2DD are anUStable parameter.s.. as well as the existance 8i°Ru isotope between the spher-
The reduced electric quadrupole transition rates betWegly 5nharmonic vibrato?®Ru andy - soft 1°2Ru nuclei [9]

li — 11 states are given by: supported th&(5) characters.

[< 1t | TED |1 >)2 @®) 3.2 Energy spectra
2i+1 ' The energy of the positive and negative parity state8®tu

isotope are calculated using computer code PHINT [18]. A

B(Ex,li - If) =
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22

-1t | B(E2) |17 [ B(ED) |
0, Exp*. 21 | 0.490(5)] 1, 0, | 0.0030
0, Theor. 3 | 0.4853 | 1,0, | 0.1280
2,01 0.0970 [ 3,2, [o0.1211
2,0, 0.0006 |32 |[0.0415
2,0 0.0405 | 3,23 | 0.0002
250, 0.0000 | 3,2, |0.0024
250 0.0759 | 3,2, |[0.0197
23 03 0.0087 | 3,2 |[0.2126
24 03 0.0066 |5 4 | 0.2533
240, 0.0588 | 5,4, | 0.0480
42, 0.1683 | 5,43 | 0.0006
42, 0.0142 | 7,6, | 0.3950
425 0.0319 | 7,6, | 0.0446
61 4 0.2039 | 9,8 | 05439
61 4 0.0179 | 9,8, [ 0.0342
61 43 0.0242 | 11, 10; | 0.6983
81 61 0.2032
81 62 0.0183
81 63 0.0157
10, 8 0.1678
10, 8, 0.0175
Table 2: Calculate@®(E2) andB(E1) in °Ru.

L[] | Xt (EO/E2)Ru |

0|0 ]2 0.027

0|0 | 24 0.347

00| 2 0.009

03 | 01 | 23 0.042

0|0 |2 0.086

0|0 | 2 0.002

03 | 02 | 25 0.010

0, |01 | 2 0.010

0, |01 | 25 0.010

0, | 01 | 24 0.113

0, |0, | 2 0.030

0 | 02 | 23 0.034

0, | 02 | 24 0.340

0, | 03| 2 0.454

0, | 0| 2 0.010

0, | 03| 23 0.011

0, | 03| 24 0.113

Table 3: Calculate&;s. ¢ (EQ/E2).

’ Energy Ratios\ E4:/Ea: | Ex/Ea:
E(5) 219 | 2.20
Exp. [19] 227 | 252
IBA-1 2.12 2.11

Table 4: Energy ratios d&(5) characters t&°°Ru.

(Ru100) 100p, (Exp.)

0.5 40 -

<04 30

% 20 -

=03 o

30.2 ";g ]
0.1 55 ) 10 20 30

0 - . ) -30

.40 -

0 20 40 | o |

| 1
A B

Fig. 2: A: Angular momentunh as a function of {w). B: (Al =1),
staggering pattern fdf°Ru isotope.

comparison between the experimental spectra [19] and our
calculations, using values of the model parameters given in
Table 1 for the ground state band are illustrated in Fig. 1B.
The agreement between the calculated levels energy and their
correspondence experimental values are slightly higher espe-
cially for the higher excited states. We believe this is due to
the change of the projection of the angular momentum which
is due mainly to band crossing.

Unfortunately there is no enough measurements of elec-
tromagnetic transition rateB(E1) or B(E2) for °°Ru nu-
cleus. The only measureB(E2, 0] — 27) is presented, in
Table 2 for comparison with the calculated values[20]. The
parameters&2S D and E2DD displayed in Table 1 are used
in the computer code NPBEM [18] for calculating the elec-
tromagnetic transition rates after normalized to the available
experimental values. No new parameters are introduced for
calculating electromagnetic transition raBdE1) andB(E2)
of intraband and interband.

The moment of inertid and angular frequenciw are
calculated using equations (11, 12):

2l 4 -2
2~ AE(l > 1-2) (11)
~ AE(I > 1 -2)T
(ha))z — (|2 — | + 1)|:W:| (12)

The plot in Fig. 2A show back bending at angular mo-
mentuml|* =10. It means, there is a crossing between the
(+ve) and (ve) parity states in the ground state band which
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was confirmed by calculating the staggerirfieet where a
beat pattern has been observed, Fig. 2B.

3.3 Electric monopole transitions

The electric monopole transition&0, are normally occurring

between two states of the same spin and parity by transferring

energy and zero unit of angular momentum. The strength of
the electric monopole transitioiX;; s (EO/E2), [21] can be

5. Strength  of

the electric monopole transitions

Xit-¢ (EO/E2) are calculated; and

6. Staggering fect has been calculated and beat pattern

has been obtained, showing an interaction between the
(-ve) and @ve) parity states.

Submitted on: December 12, 2012ccepted on: December 20, 2012

calculated using equations (13, 14); results are presentedRfferences

Table 3 1.
Xp( (E0/E2) = DO NiZ1e) 13
vt (BO/E2) = Ty (13)
2
Xit.f (EO/E2) = (2.54x 10°) A¥4x
E3(MeV Te(EO, I — | 14
y H( )a(EZ) o i f)' (14) 3
QL Te(E2, I; = 14¢)

Here: A is mass number; is spin of the initial state where ,
EO and E2 transitions are depopulating it;i$ spin of the
final state of EOQ transition; is spin of the final state of E2
transition; E, is gamma ray energyx. is electronic factor 5.
for K,L shells [22];«(E2) is conversion cd&cient of the E2
transition; T¢(EO, I; — 1) is absolute transition probability of
the EO transition betweeh andl; states, and¢(Ey, I; — 1)
is absolute transition probability of tHe2 transition between
l; andl s states. 7

3.4 The staggering 8

The presence of{pe) and (ve) parity states has encouraged
us to study staggeringfect [23-25] for'®Ru isotope using
staggering function equations (15, 16) with the help of the
available experimental data [19]. 1

St(l)= 6AE(1)-4AE(l —1)—4AE(l + 1)+ (15) 1.
+AE(l +2)+ AE(l - 2),
12.
with
AE()=E(l +1)-E(l). (16)
13.
The calculated staggering patterns are illustrated in
Fig. 2B and show an interaction between thed) and ve)
parity states for the ground state band¥Ru.
14.
3.5 Conclusions
IBA-1 model has been applied successfully*¥Ru isotope 15,
and:
1. The levels energy are successfully reproduced; 16.
2.
E(5) Characters t°°Ru;
3. Electromagnetic transition rateB(E1l) and B(E2)
are calculated,;
4. Bending for'®Ru has been observed at angular morg

mentuml* = 10;
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A New Large Number Numerical Coincidences

Alexander Kritov
E-mail: alex@kritov.ru

In this article, the author gives a set of new hypothesis ®ihene presents new, ex-
act and simple relations between physical constants andensm The author briefly
analyses the discovered coincidences in terms of theiracgwand confidence, while
leaving himself aside any physical explanation of the prexkformulas. Important:
all the found relations have a common nature of the “powewof't The exact nature
of this remains unknown for yet, so it requires further resieaThe presented material
may also be viewed as a logical continuation and developaiebirac’s and Edding-
ton’s Large Numbers Hypothesis (LNH). However, in conttasbirac's LNH, two of
the presented ratios are not approximate but manifest exgetlity. This allows a the-
oretical prediction of the Universe’s radius as well as awalion of the exact value of
Newtonian gravitational consta®, which all fall within the range of the current mea-
surement data and precision. The author formulates thege INumber Numerical
(LNN) coincidences by realizing that further discovery loéir meaning may lead to a
significant change in our understanding of Nature. In thiskw8I units are used.

Introduction 1 Cosmological coincidence

Many attempts of bringing together physics and numerologize relation is analogous to famous Dirac’s r&ig/re ~ 10*°

had been done before but a very important step was dongvhich relates the Universe radius with classical
1938 by Arthur Eddington. According to Eddington’s proelectron radius. However, Dirac’s ratio is actually valiayo
posal the number of protons in the entire Universe shouldd&gproximately (with precision of “the same order of mag-
exactly equal toNggq = 136x 2256 ~ 107°[1, 2,17]. So, it nitude”), in opposite, the suggested replacement is antexac
was hypothesised that square roofNgfiy should be close to equation given as follows:

Dirac’s Big numbeiN ~ V136x 2256 = 136x 2128, Later

on, Eddington changed 136 to 137 and insisted that the fine Ry _ 2128 1)
structure constant has to be preciselidr, and then his the- Ae

gtr;/t:(reneemn?iltsoofilgzt ttr?és ﬁj;‘;éi%gewmgﬁvivssr’ Eededr:nlgtfct)vvhereRU is value for the radius of the observable Universe

- ~ 13 i ;
without proper attention. Actually, few years earlier, B2D, and4 = h/mec ~ 386x 10 (m) is electron’s redgced
. e N ompton wavelength (De Broglie wave). The relation (1)
it was German physicist R. Fiirth who proposed to us& 1 . . . . .
o LY Lo - provides us with precise size and age of the observable Uni-
(which is also 2%8) in order to connect gravitation to atomi . . .
constants [10]. However, all these coincidences have pagrse. So it leads to exact value for the Universe radius of
' ’ = 1.314031x 10?® meters corresponding to the Universe

left unexplained until present time. As G.Gamov said [1 e;:ge of 13.8896 billion years

Since the works of Sir Arthur Eddington, it has become cus* Recently F.M.Sanchez, V.Kotov, C.Bizouard discovered

tomary to discuss from time to time the numerical relatio .
y r'Eﬁat the use of the reduced electron Compton wavelength is

between various fundamental constants of nature”. Forexadn L L X
; ; p ) o d€Cisive for the compatibility of the Hubble-Lemaitre leéing
ple, another interesting attempt to use “a log-base-2iogfat with 2128 [13-15]. They use this length unit because of pro-

between electromagnetic and gravitational coupling @ntst . S oo .
was made by Saul-Paul Sirag, the researcher from San FPOnS—ed holographic relat|o_n |_nvoIV|ng It I-_|ere, the al.ﬂhw '
cisco in 1979 [12]. Particularly, as noted, power of 2 Shou%pendentlydevelopes this idea suggesting that (1) isaot ex

have significant role in numerical relations for physics-corrwelation' . . - .
The age of the Universe, according to the Wilkinson Mi-

stants according to the author’s idea. ; .
g crowave Anisotropy Probe (WMAP) 7-year results, is7B3

Suggested four Large Number Numerical (LNN) relatio i )
or coincidences are presented below. These coincidentﬁegjsaji‘3 billion years [9]. Latest NASA observation by Hubble

not dependent and related to each other, so prove or dispr%'\\//gs the age of the Ulnlverse as 13.7 _b||||9ﬂ years .[31' Itis
close to the obtained value and lies in the existing er-

of one of them does not mean the same for the others. Tlxr{gkrry

all have common number of2, First two relations seem'©" 'a"9€: So, the coincidence (1) seems to define the exact

to be exact equations, and second two are valid with deﬁnLércleerse elapsed life time as:

uncertainty. Because of that their nature is more hypatakti

A
so second two relations are also called “weak”. Tu = f 2128 (1.1)
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Importantto note, that having (1.1), initial Dirac’s retat following: Ee = mc?. The factor% appears if one pos-
may be expressed in the following form: tulates that electromagnetic enerdsef) of the elec-
tron or proton is just a half of particle’s rest mass en-
Ny = Ry = 12128 (1.2) ergy as:Eem = % mc?. There are two possible alterna-
le tive explanations for this:
wherea™! = 137036 is inverted fine structure constant and 1. The Virial Theorem that tells us that the potential
re = ke?/(mec?) — classical electron radius with eliminated energy inside a given volume is balanced by the
numerical factor (i.e. equal to unity) ai is exact value for kinetic energy of matter and equals to half of it.
the large number introduced by Dirac.68 x 10*0). As we So if one considers electromagnetic energy as ki-
know for sure that the Universe is expanding &) is de- netic and rest mass as potential energy we would
pendenton time, so the equation (1) suggest that one or few of have:Eey, = % mc?;
the fundamental constanﬂe, €, me) should also vary_in time. 2. Simply assuming that half of total energy may be
However, current uncertelnty iRy measurement Stl" Ieaves magnetic energy or of another nature. One may
a room for other elternatlve ideas and possl|ble co.|nC|otence also propose that there could be %uin classical
For example, noting thaty,/me ~ 40/3 x o™, relation (1) proton radius definition, but there i¢? instead
can have another form: of 2129 in formula (2). From the author’s point
Mol 3 k& \ .10 of vi_ew this does not C(ir;espond to reality, and
=i (E@) 2 (1.3) particularly the number28 should have strong

presence in all numerical expressions of Nature.

which would correspond to 13.95809 Gyr. As this value is | .an pe easil

seen thet = my)re, SO another wa
currently out of the present WMAP data frame, therefore it g ra\vrite @) is: y B = (Me/Mp)re y

not supported by the author here. re My 128 2.1)
. o — = . .
2 Electron-proton radius coincidence e Mo
_ N . : nd this leads to another possible representation of tlialini
Another interesting idea connects the classical protoiusa ormula as:
and gravitational radius of the electron by an exact eqnatio ' Te _ 2128 2.2)
as follows: Fgp ’ '
T _ 2128 2) . . . . o
e where re is classical electron radiug,, is gravitational

13 ) ) ) (Schwarzschild) radius of the proton. The expression (2.2)
wherer, = 32ke?/(mpc?) — classical proton radius andg very similar to (2). So, we may actually combine them into

rgp = 2Gme/c® — gravitational electron radius (i.e. theynother interesting equation:
Schwarzschild radius for the electron mass). Of course some
comments are required regarding ﬁ‘mﬁents% and%. Usu- Molgp = lelge. (2.2a)

ally numerical factors are ignored or assumed to be close

to unity when defining classical (electron) radius. However The precision of the Electron-proton coincidence given by

suggested new definition has exact numerical fa%or: (2) is smaller than @2%. From the author’s point of view this

2 x 1, so it is obvious to have the following explanations fg#eviation originates from current uncertainty in gravéasl

that one by one: constant G) measurement. If we consider that the relative
uncertainty nowadays is around and not less th@2%

en we must accept this amazing and unexplained coinci-
ence that allows us to predict the exact value for the grav-

itational constant@). So, this finding suggests that the fol-

ble a sphere of constant charge density of radius r aﬁ‘éi’"!g possible consequences are valid. _Firstly, becaﬂse 0

charge risE = 2ke?/r. Usually these factors Iiké or 5 rajﬂo preton or electron still may pe eonadered as clasica
1 ; 5 . . article with uniform charge density inside its radius. And

2 are ignored while defining the classical electron rg— condly, directly from (2) one can express the value of the

dius. Surprisingly, the coincidence advices the use wtonian constant of gravitatios} exactly as follows:

5—33 which means that charge is equally spread within the

sphere of the electron (or proton) radius. 3 k& 108

. Ratiog is classical proton radius definition. The onlf
important diference with modern representation of th
classical radius is the cficient % It is well known
from electrostatics that the energy required to asse

. Ratio% in classical proton radius definition. Usual def- ~ 20 MpMe (2.3)

inition of the classical radius does not require having
% because initially one relates total electrostatic energy It leads to exact value foB = 6.674632x 107!, This
(Ee) of the electron (or proton) to rest mass energy @alue is within the frame of 2010 CODATA-recommended
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value with standard uncertainty given by68384:0.00080<x constant number. So the ratio of the electromagnetic force
1071 [6] (See also figure). One may compare this expressimnthe gravitational one remains always constant during the
with the similar one obtained in 1929 by R. Furth [10]: current epoch.

hc

G= —— =16%* 3 Weak cosmological coincidence
m(Mp + Me)?
that is read in Sl units fo& as: 2c3 My 1o 3
2nc N ) 3)
=——— _16% P
(Mp + me)? wherec is speed of light,G is the gravitational constant,

Itis interesting to compare it to (2.3) to note obvious siny = 72/(Myc?)-period of reduced Compton wave of the pro-
ilarity. However, one may see that the expression is nagsaton. This equation may be interpreted as relation of rate of
factory because it leads to the value 6f£ 6.63466x 10°Y) mass growth or the expansion rate of the Universe [4, 5] to
which has significant deviation #0%) and is far out of 2010 harmonic properties of the proton as wave. However the rel-
CODATA range. So, the expression 2.3 (which fits well tative precision of (3) is @8% (or even @19% if we accept
modern data) is quite challenging because it may be calefinition of G as in 2.3) which is unsatisfactory for mod-
firmed or disproved by future experimental data®r ern measurements and it makes the expression valid only ap-
o0 o ot o o proximately. In order to become more precise the expression

I T T I T should have the following representation:
104G —

—e— NIST-82 2c3 mp+9me 128
F—e—1 TR&DPG E ~ t 2 (3.1)
—e—— LANL-97 P
UWash-00  fof Or alternatively (to become exactly precise):
BIPM-01 8
—e——— TUWup-02 2C3 m 20
p -1 5128
e LIsL-03 S L3 2% (3-2)

" G tp 3
F——e&—— HUST-05
e | UZur-06
F——o0—T—— CODATA-06
e+  HUS[T-09
He4 JILA-10 g0.074632
———o0—— CODATA-10
' ‘ ' ‘ L ! ~ The attempts to explain large humbers by placing inverted
6.670 6.672 6.674 6.676 6.678 . . . .
fine structure constant in exponential function have beaedo
many times before [11, 12]. Another interesting hypothesis

Fig. 1. The figure with recent experimental data for the Newetd ., 1 re|ate proton to electron mass ratio with fine struetur
constant of gravitatiof®. The vertical line corresponds to the value

But further discussion of this topic will be explored in
future works.

4 Weak electron-proton massratio

28 i : .
obtained from (2.3). constant and the numbel?8 in the following manner:
: , : : Mp 7 ai-128)
Though the obtained value fits quite well into current ex- m 3 2 : (4)

perimental data, the author does not exclude some possible
small deviations caused by vacuum polarisation and conswever the relative precision is comparably high0@%o)
guent slight deviation from the uniformity of the charge-disnd is out of the error frame of the current experimental.data
tribution (like Uehling Potential). So we will look at this i However, using this relation as approximation, one can find
future works. similar connections of derived formulas to the similar oimes

It is also important to stress that the use of classical prerk [12].
ton radius here is very provisional and in principle could be
avoided: so the same result f8may be obtained using only

the electron’s classical radius. Conclusion
It is easy to note also that Dirac’s Large Numidépre- The basic meaning of all these relations may be viewed in
cisely equals to: the form of exact equality for large Dirac’s numbir(see
Ke? 20 2.4). However, all these proposals disprove one of the Birac
= — 2128 (2.4) hypothesis regarding the equality of the big numbers [2, see

mpme 3 p.200]. So, the author has shown that the nuniNyevhich is
This means that variation of Dirac’'s Large Numbal) ( the ratio of the electromagnetic force to its gravitatidioate
in time is hardly possible, becaus®2represents simply thegiven by (2.4), is actually not equal to numbdéy which is
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the ratio of Universe radius to classical electron radiug)(1 6. Peter J. Mohr, Barry N. Taylor, and David B. Newell CODATAd®m-
However these two flier On'y by the numerical factor of mended Values of the Fundamental Physical Constants: 204dfh

2055 = a1 x (3/20). So, the main conclusions of this study 1% 2012- arXiv: physics.atom-#203.5425.
are as follows: 7. Riley B.F. Particle mass levels, 2009. viXra: 0909.0006.

. . 8. Riley B.F. A unified model of particle mass. arXiv: phygg306098.
e Current Universe age and radius can be calculated e)& Jarosik, N., et.al. Seven-Year Wilkinson Microwave Aispy Probe

actly (13.8896 Gyr); (WMAP) Observations: Sky Maps, Systematic Errors, and BRs-

e The value of Newtonian constant of gravitati@) can sults, 2011, ApJS, 192, 14. arXiv: astro-phZaD1.4744.
be derived exactly (.674632>< 10—11); 10. Firth R. Versuch einer quantentheoretischen Berechder Massen
von Proton und Elektron, Physikalische Zeitschrift, 1926m Helge
e The number 28 should have a real significance in the  Kragh Magic Number: A Partial History of the Fine-Structu@en-
constants of Nature. stant, DOI 10.100/600407-002-0065-7Archive for History of Exact

ciences, 2003, v. 57, 395-431.
Generally T[he concept Of_ p_ower_ of tWO_ COU'Q' _be €1, Brandmiller J. and Riichardt E. Die Sommerfeldschesfeikturkon-
garded as having two properties in science. Firstly, itgstdi stante und das Problem der spektroskopischen Einh&lteiNaturwis-
(logical) math where power of two has common use. So this senschaften, 19_50, V. 37,_from R. Baggiolini‘On a remarkable rglation
may support an idea of holographic concept of the Universe between atomic and universal constadiserican Journal of Physics,
. . . 1957, v. 25, 324.
or some of the fractal theories. Secondly, it is used in wave

hani dit Id be Vi di d ith 12. Sirag, Saul-Paul Physical constants as cosmologiceaitiints,| nter-
mechanics, and it cou € viewed In accoraance wWith Wave tiqna| Journal of Theoretical Physics, 1983, v.22(12), 1067-1089.

properties of the elementary particles in quantum physics. 13. Sanchez F.M., Kotov V., Bizouard C. Evidence for a stestdye, holo-
terms of wave concept, the number df2corresponds to graphic, tachyonic and super-symmetric cosmold@gpljlean Electro-

the tone of 128-th octave or to some higher harmonic (“over- dynamics, 2009, v. 20, Special Issues, no. 3, 43-53.

tone”) of the main tone. It is interesting to mention that @4. Sanchez F.M., Kotov V., Bizouard C. Towards a synthebts/o cos-
very close idea has been brought few years ago. The idea re-mologiesJournal of Cosmology, v.17, 2011.

lates particles mass levels within two sequences that descé5: Sanchez F.M., Kotov V., Bizouard C. Towards Coherentn@sgy,
in geometric progression from the Plank Mass. Sub-levels S3!ean Electrodynamics, 2012. .

are arranged in subsequence of common ratio which use%GaNGa"’;i”O“r?; i&aﬁ;”&eg?gélg S‘eszo”fézgtsvosfgrzg;‘m;%ﬂq%s of the
power of 2 [7,8]. The author is also very supportive to th?? Whitrow G.J. An Elementary Deviation of Eddington Numi€’®

point of view given in [13-15], however it is important to™  \auyre 1952, no. 4302, 611_):312_ 9 ’

stress that physics should be free from approximate rektio

and should have only precise equalities and formulas. Some

of the exact formulas which may help to support such general

ideas have been presented in this work. If new suggested re-

lations for Large Numbers are correct then it should propabl

lead to new search for its hidden meaning. As always, we

must accept the fact that in often cases new findings lead to

new questions instead of the answers and that might become

a new challenge for new investigations and theories. Assum-

ing that at least one of the discovered relations is correct i

the future we may become a bit closer to the true view on

physical reality.

Submitted on December 17, 20Mxcepted on December 20, 2012
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It is desirable to understand the movement of both mattereswedgy in the universe
based upon fundamental principles of space and time. Tilagati and length contrac-
tion are features of Special Relativity derived from theasbied constancy of the speed
of light. Quantum Mechanics asserts that motion in the us#és probabilistic and
not deterministic. While the practicality of these disdantheories is well established
through widespread application inconsistencies in theirriage persist, marring their
utility, and preventing their full expression. After idéging an error in perspective the
current theories are tested by modifying logical assumgtim eliminate paradoxical
contradictions. Analysis of simultaneous frames of refeecleads to a new formula-
tion of space and time that predicts the motion of both kirfdzasticles.Proper Space
is a real, three-dimensional space clocked by proper timtishundergoing a densi-
fication at the rate of. Coordinate transformations to a familiabject spaceand a
mathematicastationary spacelarify the counterintuitive aspects of Special Relaivit
These symmetries demonstrate that within the local unévetationary observers are
a forbidden frame of reference; all is in motion. In lieu of @tum Mechanics and
Uncertainty the use of the imaginary numlbés restricted for application to the label-
ing of mass as either material or immaterial. This materfelge diference accounts
for both the perceived constant velocity of light and itsagmt statistical nature. The
application of Proper Space Kinematics will advance moreigte representations of
microscopic, macroscopic, and cosmological processesang as a foundation for
further study and reflection thereafter leading to greatsight.

1 Introduction of state be referred to the one or the other of two sys-

The planets dancing in the heavens, an apple falling to earth €M Of co-ordinates in uniform translatory motion.
each kindle curiosity about the dynamical universe. The-mys 2. Any ray of light moves in the “stationary” system of
teries of the unseen world and its apparentinfluences oy dail ~ co-ordinates with the determined velocity ¢, whether
life inspire wonder and imagination. Such observationsadri the ray be emitted by a stationary or by a moving body.

the search for hidden constraints that govern the actionstgf first postulate identified inertial frames of refereritee
atomic partiCIeS and mOIeCUles, ballistic ObjeCtS, anes}elsecond postuiate emphasized the constancy of the Speed of
tial bodies. Guided by tools of logic, intuition, and credi |ight. From these followed the development of Special Rela-
philosophers, scientists, and mathematicians strive tdertnotivity as a basis for motion.
laws that describe movement in each realm. Many years of Although the dicacy of Special Relativity cannot be de-
disparate fort and the resulting accumulation of knowledggied it is a mathematical physics derived from the observa-
demonstrate that there are Underlying Commonalities tb}at ﬁons of ||ght approaching any observer at the same Speed re-
ply across all physical scales. This connectedness pronygdiess of the specific frame of reference. Any element of
the realization that searching for unifying first principles theory that behaves identically under all applicationstmu
based upon fundamental aspects of space and time is afg¥tf lie outside this theory and for this reason the actén
tainable goal. Understanding the foundation that the Ulﬂ.e/ediscrete quanta requires a Separate and distin@rdnt ex-
is built upon enables the continuing pursuit of deeper aggnation.
more profound truths and further illuminates the miracle of Thijs |eads to the hard-fought and hard-won triumph of
human existence. the Copenhagen interpretation of Quantum Mechanics culmi-
In 1905 Albert Einstein published his landmark workating in its emergence as the preeminent theory of modern
Zur Elektrodynamik bewegter Korpefl] (translated as physics [3]. Owing to their experimental origins the compo-
On the Electrodynamics of Moving Bodif). He stated sition of each theory contains mathematical elements tieat a
that |t was We” knOWn that Under transformation toa mOVi%t |mmed|ate|y obvious and Consequentiy can act as obsta_
reference frame Max-well's equations acquired asymm®triges to understanding and usage. If the basic realitiesanfesp
that were not presentin nature. Einstein resolved thes®incand time are known then it is possible to properly explain the
sistencies by introducing two fundamental principles [2]:  curious details of motion of all objects in the native enwiro
1. The laws by which the states of physical systems unent and show that they proceed in a logical and intuitive
dergo change are notfgected, whether these changeway from this physical foundation.
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This research is motivated by a personal failure of under- Other concerns arise from a thoughtful analysis of the
standing attributable to the lack of a fundamental mectsanpresent philosophy. If the lightspeed barrier is a limitirom-
capable of explaining all rudimentary motion in the unieerglition then this implies that the velocity of an object is arsmo
as derived from the basic condition of spacetime. Guided inyportant kinematical consideration than position or #eee
instinct and curiosity the contemporary scientific themaad ation. A cursory examination of the invariant interval sug-
the corresponding philosophies are explored through a cayests that its spatial and temporal components act in opposi
ful analysis of perspective; long-held premises are testet] tion to each other across varied reference frames althdwegh t
discarded by virtue of the necessity to eliminate contradigse of hyperbolic functions would conversely imply a con-
tion. The result of the methodology described in this pagenction of underlying influences. The question of balance
addresses a kinematics which describes free motion withmoparts an impression of rotation along a spectrum instéad o
forces and interactions and with no regard for collisiong aa deviation from zero which is compounded by the inability to
the associated quantities of energy, momentum and masgotate a vector of zero length and might lead to the conatusio
first principles theory is significant in that it can immeasuthat nothing is static. The Quantum Mechanical proposition
ably improve physics on every level by serving as a foutiat the universe is unknowable at its most basic level aad th
dation for the advancement of larger fields of research. Témsuing enigma of wave-particle duality raise furthernese
sluggish pace of grand unification, the overwrought compleions. Intuitively the structure of the universe should bedx
ity of string theory, the extremes of quantum gravity, the peon the least number and simplest of principles although wis-
plexity of dark matter, and the simplistic seeming threeybodom dictates that allowances be made for the possibility of
problem are currently unresolved issues in physics [4] s€haleliberate design.
problems along with technological improvements to soldr ce  Logic is a weak tool for dissecting a system that is known
efficiency and medical scanning devices are among those thatave defects in its application and for this reason a-trial
can potentially benefit from the application of Proper Spapg-solution is likely to be infflective. Therefore the course

Kinematics. of action must include an exploration using physical iriguit
and not only a mathematical manipulation of equations. This
2 Methodology is accomplished through repeated testing of both impliuit a

explicit assumptions to find the origins of paradoxical situ
As a part of natural skepticism and scientific inquiry it is ohtions and then to remove these faults. The movements of
ten useful to be able to replicate the research process botRgtn energy and matter in spacetime are studied with care-
atest of results and as a guide to understanding. In theatetjy| consideration of perspective in an attempt to unravel th
work much of the fortis introspective and it is impossible tqnot of relativity and to imagine an extrauniversal viewpoi
retrace the labyrinthine mental pathways that lead to theseproducing an accurate answer to the dilemmas detailed here
sults. In light of this dificulty it is practical to detail the initial requires substantial time for trial calculations, for sbdémg
impetus that motivated the author and to provide an overvigwough potentially applicable literature, and for reexaing
of the techniques employed in the striving for enlightentmeggnyentional concepts through quiet reflection.

It is always more dficult to understand the fundamental
principles that govern a system when the only perspecti\g-:s
available lie within the system itself. For this reason itlés
sirable to find a vantage point or frame of reference that li€ke natural universe is undergoing a procesdasfsification
outside the system so as not to be influenced by or subjecanal is described here as being composed of three real spatial
whatever constraints are imposed upon its occupants. Inaeerdinates and one real monodirectional temporal counter
viewing the basic elements of Special Relativity itis trbngp Densification is defined for this demesne as an increase in the
that there are inconsistencies in the currently used theery density of space that occurs in the measure of distance be-
tween the common explanations and the mathematical motlgeen any two disparate points clocked by proper time and
While the equations purport to explain motion from an extprogressing at the rate of Previously referred to as light-
rior viewpoint it is a theory ofelative motion that performs speed the particular value of tlebaracteristic velocityas it
as if a massive object occupies the choice of origin. THias been measured serves as a label for the universe as well as
fallacy compounds the suspicion that an accurate pictureatifresidents. It is further assumed that the inhabitedensiy
reality may not be known and necessitates the need for fisrinfinite though possibly bounded, is fixed relative to any
ther exploration of this phenomena the source of which myseternatural background, if one exists, and is not undegyo
thereafter be inferred from these confused aspects. In-a siuditional physical alteration. The kinematics of finiteal
ilar mien the self-circular reasoning involved in usinghlig objects is derived for the movement of noninteracting rigid
itself as a mediator to measure lightspeed is also an obswdies traveling at constant speed. The premise of constant
cle to understanding and conceals basic mechanisms thaspaed translates across gblaces Initially this derivation is
vital to accurately model the system mathematically. done without the qualification of particles as either matter

Results
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energy. For the purposes of this paper it is practical and suf In a break from prior theories of motion it is important
ficient for understanding to consider equations of motion thfat velocities in all spaces are measured from a specisd cla
only one dimension since any path traversed at constantl spafeperspectives hereinafter referred topasper frames The
can be parameterized as such and densifies at the same chtice of axes may be made without particular regard for po-
extrapolation to all three dimensions is a straightforvtas. sition but must be boosted to the specific velocity whereby
Length and time are measured with a ruler and a clock [aches the maximum expressiorr@nd experiences densi-
Proper Spacds denoted by the variable and experiencesfication at its fullest flowering. Proper frames can be thdugh
densification dependent on proper time which is denoted difyas critical points and specific values associated witeghe
the independent variable tau In this case the clock is alsoperspectives are=c, v=0 anda =1.
embedded within the ruler and is not considered an addi- For the sake of completeness it is worthwhile to also de-
tional physical dimension. labject spacapace and time arefine astationary spacedenoted by, which advances with
treated on equal footing as independent dimensions andthaee preceding variable of proper time This nonphysical
denoted byx andt, respectively. These variables have locabnstruct may be mathematically advantageous as it allows
values that manifest densification as contraction andidiilatfor the use of global variables that forgo dependence on rel-
in mimicry of many of the details of Special Relativity anétive perspective but carries the caveat that the space is no
continue to sffer from dependence on frame-specific relatidemonstrative of physical reality. The scale-densificatio
velocity. to — boost technique above is repeated to provide the trans-
Measurements of physical observables are made in obfecination to proper space as
space and converted to values in proper space where the ac-

tion originates. The coordinate transformation for length dz = dy +cdr. (5)
displacement involves the scale change Measurements of length or distance are converted from bbjec
dz = fdx (1) Space to corresponding values in stationary space thrinegh t

transitive property with application f3) and (5) to yield
The unitless scale factdris defined for densification as a
density of pointsvhich is represented by a ratio of infinities dy + cdr = dx+cdt (6)

increasing from unity as For stationary spacemseudovelocitis defined asi and takes

¢ (dx+ cdt) 1 (cdt) on the valueg-c, c). Values ofu are somewhat analogous to
= S = +

dx dx @) velocitiesu in object space e.g., adopting the value of zero

in a proper frame wherdt = dr. The relation for the two

Simple_ substitution of2) into (1) yields the coordinate trans'quantities is
formation between spaces dy
uz = =a(+c)-c @)
dz = dx+ cdt (3) dr

As proper space and stationary space both share the variable

This is the conversion for points in space with an explicik d@ 55 proper time the relationship between velocities is more
pendence on elapsed time. Contrary to expectation with dgfyple as

sification a scale transformation from object space to prope w=U+C (8)
space takes a form that is reminiscent of a Galilean boost [6 _ ) . _ .

The burgeoning density of proper space requires the _ch0|ce of_ alphabetlf:a_lly proximate vana_b_les is a mne-
of additional notation for the properaxing velocitydenoted MONic convenience that is intended to be familiar and resem-

by w, while in object space the concept of velocity is retaing curre_nt def|n!t|0ns P”t not ,to imply any other mathemat-
as it is traditionally used and remains denoted byhe rela- ical relationship including equivalence with commonly dise
tionship between the two quantities is spatial unit vectors. The invariant varialdés reserved for

possible future use.
A dZ —
wE = a(v+cC).
Values for the velocity in object space persist within thega Change is the true nature of the universe and the densifica-
of (—c, ¢) while values for the waxing velocity are always podion of proper space depicts the most authentic represemtat
itive within the range of ¢, 0). Open endpoints of each in-of space and time. A static ruler of fixed length is a forbid-
terval are forbidden for the same reason; denizens of the wen item; an absolutely stationary observer is a nonsdnsica
verse must always experience the advancement of proper tiraene of reference that does not exist. Although this petur
in some nonzero fraction. Accordingly values for teenpo- of reality is not mathematically convenient it is the cotrec
ral dilation cogficient marked by alpha, vary as [10). In- philosophy to accurately model basic kinematics. Object(-
finite dilation is taboo and is expressed by the avoidanceiwaf) space is the milieu where action is perceived and mea-
an asymptotic value of zero far. surements are made. The coordinate transformation to prope

(4) 4 Discussion
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space takes the form of a boost centered which arises, not sification continuing at. A reasonable choice for a func-
surprisingly, from the defining feature of the universe. sThiional definition ofw is the hyperbolic secant as a function
conversion yields the advantage to the waxing velocity Whiof the angle of dilation represented by phs, and demon-
can always be rotated since it is never zero as objects maisited inw = csechy) making it more akin to a speed than
experience some positive slice of proper time. Objects m@avelocity. The positive-definite, even function is a ratati
ing at the same rate as densification do not experience dfighi through the real intervdtoco, ) as measured from a
passage of proper time and therefore cannot inhabit this ymoper frame and this run equates with the previously detail
verse. It should not be overlooked that the transformasorbiounds forw of [c, 0). The choice of hyperbolic functions is
originally a scale change whereby the size of massive abjguteferred over the circular transcendental equationsssyth
is growing relative to the coordinate system with the densifierbolics are independent of the imaginary number
cation. Itis the growth of the span between the center of massConsideration of the relative velocity between bulk ob-
of an object and any other contained point within that saneets with determinate length requires the use of a proper
object that is seemingly retarded in entities not occupgingrame. A measurement of relative velocity is inadequate to
proper frame of motion. Consideration of the action of onjompletely determine the true states of objects in the Byste
infinitesimal points does not reveal this detail. It is halpftwo measurements are required to establish the correet scal
if the time-dependent metric tensor is visualized as therruings for space and time. Take the example in object space of
growing shorter and shorter thus creating an illusion ofinfltwo masseat restto a specific proper frame as well as to each
tion. The author supposes that the idea of densificatiorinitiother; the waxing velocity of each frame in proper spaae is
fixed boundaries is an option that Einstein either discacted/Vhile the relative velocity in object space between theeent
failed to consider and is the source of his self-criticaliNac of mass remains at zero in proper space the relative velocity
tion regarding the Cosmological Constant [7]. is characteristic and not zero as might be anticipated. This
In a brief departure from kinematics an examination discrepancy can be partly reconciled by acknowledging the
multiple perspectives clarifies the necessity for a prefitrrsupplemental velocity acquired in proper space which is im-
frame of interaction. Collisions cannot havefdient out- parted by the densification of the gap between the two masses.
comes in diferent frames otherwise every incident can bccordingly the correct velocities between the center afsna
transformed into a destructive event. Synchronization tdrames are emphasized by primed coordinates and subscripts
proper frame is a dficient condition to preserve the integritenumerate the frames of reference for separate and distinct
of any physical interaction; the regimentation also reemplobjects as
sizes the significance of velocity. This interpretationiofid- u £ Uy — U, (9.1)
taneity provides the means to intellectually resolve th#-we , s
known gedanken paradox [8]: what are the ages of the travel- we=ure (9-2)
ing twins? There currently exists an abundance of expermen
tal and observational data which can be used to determine the

validity of proper _ffames- Th_e In_COngruny of superl_ummailhe sense of relative motion is preserved by these transfor-
travel can be rectified by application of the results dlsecis%‘nations; the distinction of aalias versus aralibi transfor-

here and the presence of tachyons is discarded. [nation is highlighted [9]. To determine the relative vetgci

. Terrr:nnology relqtlngl todmo'uon must b(he;;?d cautiousy object space measurements are made there first, converted
since the concepts involved vary among thiéelent Spaces ., s qovelocities and the relative velocity calculatezht

d_esplte a similarity in formulatlfor;{ Cal_ I(I:L_Jlatlofns done ig—s reverted to object space. All direct measurements aravelat
tionary space remove some of t ties of perspective ,y, equal tov from a proper frame. Although this compu-

that are inherent tp t_he other Spaces but r_eaders are warng fon avoids direct expression of quantities in propercspa
remember that this is not a physical reality. In object sp

L h | d h ; kernel of the action lies there.
it is time that slows and space that contracts as a function The primed alpha cdBcienta’ serves as both the relative

of speed to the detriment of the occupying objects. A ‘ct%'mporal dilation between objects as well as the transferma

quence of snapshots in proper space shows that movemenLityorveen frames in proper space. It is defined as a ratio

any direction produces an apparent spatiad temporal di- iF. the range of real positive numbe(@ co) and is most eas-

Iat|on_ based upon _the movement of a mass impinging on fBPunderstand as an exponential with argument given as the
budding densification. Part of the virtue of proper space Sterence between two angles and shown here
that the object itself is not actually altered and the percep

tion of dilation occurs only in the direction of motion while . (az

andv = (ﬂ,) -cC. (9.3)
(04

densification continues unabated along all other axes. gAlon
with the increase in movementthis retardation of propecspa
and proper time is demonstrated as a decrease in the wihese definitions in combination with some computation re-
ing velocity although the moving particle still perceivesnd store the hyperbolic tangent in a composition of velocities

) = g (p2-p1) (10)
a1
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object space and yield a result that is in correspondente veiistent testing is an important undertaking in the quesaiitto f
rapidity [10]. The assertion that values @f can exceed 1 ther humanity's understanding of life, the universe and ev-
is a specific deficiency in the conventional measurementesfthing. The author is awakened to the fact that the paculia
relative velocity. Attend to these calculations with case @onsequences of Albert Einstein’s Special Relativity arta s
variables of the traditional theory are ill-defined by thednusequent geometric interpretation of space and time oftigina
dled use of mixed perspective due to a misconception in finem observation and the theory does not proceed directly
choice of laboratory frame. from a foundational source. Relying on relative viewpotots
The derivation is accomplished to this point without theredict motion has an inherent handicap and in combination
need fori; further descriptions of the manifest complexity ofvith the confused measurement of lightspeed initially serv
nature require the use of imaginary numbers. The kinematigsmotivation for study. The approach to creating a kinemat-
is extended to distinguish between the movements of the t&® involves keeping a critical eye on perspective and gitem
types of mass by applying a label mfaterial or immaterial ing to dispel paradoxes in order to see through to the meta-
(i-material) to all particles whether they are matter orrgge physical center. Itis a mistake to rely totally on matheosti
the two types are interchangeable provided the exchanggdels of nature as they are ultimately flawed and physicists
done en masse. Real and imaginary objects occupy overlapst constantly endeavor to look beyond constructed images
ping worlds within the same universe because the phasedireality. If the basic realities of space and time are known
chotomy causes a perception of near invisibility between tthen it is possible to properly explain the curious detafls o
two categories of mass in which the contrary object collapgsotion of all objects in the native environment and show that
to a dimensionless point. As seen before with dilation thieey proceed in a logical and intuitive way from this physi-
flattening is perceptual and not actual. The alternatelgetiacal foundation. The success of such a hypothesis would be
object appears to ignore densification and to therefora efite pedestal on which the future of physics could be built and
in a forbidden state. In that the object doesn’t seem to expeuld have a far-reaching influence on science and greatly
rience scaling it performs as with a waxing velocity of zerigpact its application to technology in addition to answeri
and erroneously claims relative velocitiesws=c + ¢ and important philosophical questions.
v’ =0+ c. The relative motion of the oppositely phased ob- The elegance of Proper Space Kinematics is that it pro-
jects either approaches or recedes depending on the eelam®eds directly from the fundamental concept that the fabric
angle of dilation. The tipping point occurs whepn= ¢, and of the universe densifies at the unique quantity and quality
o =1and can serve as a test provided it is possible to prodaééhe characteristic velocity maturing with an inescapable
a series of identical immaterial objects. The author defers duration of proper time. This insight into the inner worksng
specific method for this production to the expertise of exp@f space and time solidifies realizations regarding thevarro
imentalists. of time and the spectre of irreversible entropy. It is not sur
The expressiofE = me acquires a new complexion aftePrising that in a study of motion appearances are deceiving
revisiting the outmoded concepts of the rest mass of mafi&f this deception necessitates a transformation to positi
and the mass equivalence of energy. The characteristic fther spaces which arefficult to visualize since the use of
locity measured between real and imaginary particles is @fime-dependentmetric is not a well-developed field ofytud
perficial and acts as a screening value whereby informatiith much pertinent literature. Spatial densification islemn
is hidden from the casual observer but still preserved. Reffood by a study of the steadily mounting density of points
ing only on light as a mediator to comprehend motion intréMind the infinities!) whereby a scale change converts the
duces inaccuracies that must be corrected. A single pHys@®wing size of objects to the form of a boost. Care at the
measurement of an immaterial object is underdetermined &¢ginning: reconceptions of velocity and movement lead to
wrongly constrains the associated parameters of velonity &€w definitions such as proper space’s waxing velocity and
imaginary mass. Consequently the sources of wave naitii@ interrelated temporal dilation déieient. Additionally
are found to originate from the complex quality of mass af@osting perspective to any proper frame provides the link-
not directly from the tableau of spacetime. The seeming la@@€ that shows these points of view can be logically related
of determinate states which is the hallmark of Quantum M@od provides for surety over the use of four-vectors and-four
chanics illustrates its subservience to statistical model Vvelocities. Scrutiny of these results discerns that statip
elucidates its failure of completeness and its misappaepigPace is a fictitious point of view that proves to be a useful

tion of fundamental reality. tool. 3 .
Densification clarifies the observed nuances of motion

more clearly than Special Relativity by eschewing statigna
states and shedding new light on the evolution of the aging
Maintaining an open-minded attitude of skepticism liedat tuniverse. Scale expansion of objects is found to be a new
heart of the scientific method; challenging establishedsde source of motion where movement hinders the passage of
not necessarily anfiort towards rebellion and anarchy. Pettime and limits experience. Thought problems are revisited

5 Conclusions
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and explained by the introduction of new concepts such Msttel for your role in awakening my love of physics. Thank
proper frames providing ample opportunity for testing the vyou to all of those people who have cared about and for my
lidity of these new ideas; experimental and mathematical vevell-being for without each of you this work would never
ification have many available avenues to explore. This kirteave been realized.
matics shows that the movement of objects does not cause
a physical change but merely alters appearances. As parti-
cles always experience their own perspective as charstiteri
the presented composition of velocities accurately dethd o , ) _
difference between spectators and participants. The duali{y ElnstelndA. Zur Elektrodynamik bewegter KérpaAnnalen der Physik
S . 1905, Bd. 17, 891-921.

of mass shows that the landscape of space is a perpendlcuiar o . . . o

. . . Einstein A. On the electrodynamics of moving bodiesTine Principle
real'tY for matter a_'nd energy which can be teSteq by manu- Relativity(Methuen and Company, Ltd., London, 1923), translation
facturing an experimental watershed. The screening b&twee by W. Perrett and G. B. fery, from Das RelativatsprinzigTuebner,
imaginary material phase shifts creates a Quantum comfusio Germany, 1922), 4th ed.
due to underdetermined measurements that the author fe@lsFaye J. Copenhagen Interpretation of Quantum Mechahies Stan-
does finally vindicate Einstein’s intuition. (No Dice!) ford Encyclopedia of Philosophy2008, httpyplato.stanford.equ

. L . archivegfall200§entrieggm-copenhagen
As a first principles theory which meets the onus of the

. . . ! .. .4. List of unsolved problems in physics. htfpn.wikipedia.orgviki/
stated hypothesis Proper Space Kinematics claims jurisdiC st of_unsolvedproblemsin_physics

tion over all mgtlon n the_un'verse- Proper mOt.'On suppﬂant.5. Schouten J. A. Tensor Analysis for Physicists. Dover ieatibns, Inc.,
the golden relics of relative and absolute motion; the dubi- Mineola, 1989, 2nd ed., p. 217.

ous lessons of Quantum nature must be extracted and dig- Misner C.W., Thorne K. S., and Wheeler J. A. Gravitation HAFree-
tilled for their essential truths. As seen with Isaac Newton man and Company, New York, 1973, p. 295.

his 1687Philosophiae Naturalis Principia Mathemati¢a1] 7. Mpok D. E. and Vargish T. Inside Relativity. Princeton ity Press,
in the continuing quest for deeper insight new ideas are a Princeton, 1987, p. 191.

harbinger for chaos as fundamental changes in understartt]-Hartle J. B. Gravity: An Introduction to Einstein's GeakRelativity.
. . . . Addison Wesley, San Francisco, 2003, p. 63.

ing prompt the reevaluation of physics on every level and '% Weisstein E.W. Transformati hitonathworld.wolt

every niche. The potential impact on science and its appli>: JVeisstein E.W. Transformation. higmathworld.wolfram.cor

- . . Transformation.html
cation expands from the theoretical to the technological !L% Foster J. and Nightingale J. D. A Short Course in GeneettRity.

hopefully improve the quality of human life and reinviga@at  gpringer Science & Business Media, Inc., New York, 2006,16. 2

the sgarch for profundity. The author proposes that the next newton 1. Philosophiae Naturalis Principia Mathenmatidussu Soci-
step in this study is to complete a mechanics in full gener- etatis Regiae ac Typis Josephi Streater, Londini, 1687.

ality with metric-tensor formalism to include a derivatioh
canonical coordinates with energy and momentum and an ex-
amination of accelerating objects with interactions vighbo
collisions and forces-at-a-distance. Delving furtheseaia

rich multitude of questions: Is densification in the uniwers
constant? What does this mean for cosmology and the birth
and death of the universe? Are there other characteristic pa
allel universes that are unseen? Is there a greater realm? Ho
do these results apply to the standard model? Was the cre-
ation of life and homo sapiens sapiens an accident? Why are
we here? Physicists have always searched the universe for
bedrock on which to stand but to live in harmony with our
world we must instead navigate the rising tide of space and
time and learn to walk on water.
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Before a solar model becomes viable in astrophysics, oné coasider how the ele-
mental constitution of the Sun was ascertained, especilhyive to its principle com-
ponents: hydrogen and helium. Liquid metallic hydrogeniteen proposed as a solar
structural material for models based on condensed matigr Robitaille P.-M. Lig-
uid Metallic Hydrogen: A Building Block for the Liquid SunProgr. Phys, 2011,
v. 3, 60-74). There can be little doubt that hydrogen playsraidant role in the uni-
verse and in the stars; the massive abundance of hydrogée Bun was established
long ago. Today, it can be demonstrated that the near is@iateature of the Sun’s
Balmer lines provides strong confirmatory evidence for diri solar surface. The
situation relative to helium remains less conclusive.l 3tédlium occupies a prominent
role in astronomy, both as an element associated with cagima@nd as a byproduct
of nuclear energy generation, though its abundances witieirsun cannot be reliably
estimated using theoretical approaches. With respecetddtermination of helium lev-
els, the element remains spectroscopically silent at thet tf the photosphere. While
helium can be monitored with ease in the chromosphere angrtdrinences of the
corona using spectroscopic methods, these measures hlgvagable and responsive
to elevated solar activity and nuclear fragmentation. ®isssays of the solar winds
are currently viewed as incapable of providing definitiveBoimation regarding solar
helium abundances. As a result, insight relative to heliemains strictly based on the-
oretical estimates which couple helioseismological apphes to metrics derived from
solar models. Despite their “state of the art” nature, meliestimates based on solar
models and helioseismology are suspect on several frontsiding their reliance on
solar opacities. The best knowledge can only come from tlae winds which, though
highly variable, provide a wealth of data. Evaluations afqmrdial helium levels based
on 1) the spectroscopic study of H-II regions and 2) micravamisotropy data, re-
main highly questionable. Current helium levels, both witie stars (Robitaille J. C.
and Robitaille P.-M. Liquid Metallic Hydrogen Ill. Intertaion and Lattice Exclusion
versus Gravitational Settling, and Their ConsequenceatiRelto Internal Structure,
Surface Activity, and Solar Winds in the SuRrogr. Phys, 2013, v. 2, in press) and
the universe at large, appear to be overstated. A carefsidemtion of available ob-
servational data suggests that helium abundances arelecaisly lower than currently
believed.

At the age of five Cecilia [Payne] saw a meteor, anith these regions [7], helium has remained relatively spectr

thereupon decided to become an Astronomer. Sgeopically silent on the Sun. Conversely, the stars and the

remarked that she must begin quickly, in case thegn display signs of extreme hydrogen abundance, as first ob-

should be no research left when she grew up.  served by Cecilia Payne [8], Albrecht Unsold [9], and Henry

Betty Grierson Leaf, 1923 [1, p. 72-73]Norris Russell [10]. Few would take issue with the conclu-

) sion that the visible universe is primarily comprised of rod
1 Introduction gen. Helium abundances present a more arduous question.
Knowledge that helium [2, 3] was first observed in the Sun by Despite all the dficulties, several lines of reasoning sus-
Pierre Jules César Janssen [4] and Joseph Norman Lockgier the tremendous attention that solar helium levels have
[5], before being discovered on Earth by William Ramsay [Gleceived in astronomy. First, helium is the end product of
might prompt the belief that the element was abundant on the nuclear reactions currently believed to fuel many of the
solar surface. In fact, helium has never been identifieden ttars, either in the pp process or the CNO cycle [11-15]. Sec-
absorption spectra of the quiet Sun. Janssen and Lockyerigl, solar helium levels are inherently linked to the gaseou
fortunate discovery was restricted to helium lines appegrimodels of the Sun [16—18] and the application of theoretical
within the prominences of the corona and within the distdrb&ndings to the interpretation of helioseismic results [23}-
chromosphere [4,5]. While the element was easily deteetabinally, helium is thought to be a key primordial element in
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Big Bang cosmology [3,24—-30]. As a result, the evaluatida the hypothesis that the outer chromosphere is at a sub-
of helium levels in the Sun brings a unified vision of astr@tantially higher temperature than the photosphere, ared th
physics, wherein accepted solar values lend credence tolower chromosphere; and that the temperature of the sun in-
current concept of the formation of the universe. Still, sfuecreases as we pass radially outwards. This hypothesis is,
tions remain relative to the accuracy of modern helium detbowever, quite untenable and is in flagrant contradiction to
minations. all accepted theories of physicg6, p.473]. Saha had not

A flurry of initial studies had suggested that helium abususpected that 20th century solar theorists would maintain
dances in the stars approached 27% by mass (see [3] feueh a position. Lockyer’'s analysis was correct: ionizatio
review). The findings provided support for those who proncreased with elevation in the chromosphere. This was an
posed primordial formation of helium prior to the existenfe important lesson relative to thermal equilibrium. In angea
the objects which populate the main sequence [3, 24]. Ho%aha did observe that hydrogen was not fully ionized in the
ever, these ideas were challenged when it was discovered ¢haomosphere, since the lines from &hd H; were evident at
certain B-type stars, which should have been rich in heliuhis level. He also recognized that hydrogen should be essen
lines, were almost devoid of such features [3]. As a resulglly ionized in O class stars and that the lines coinciaetit
in certain stars, helium was said to be gravitationallylisgtt the Balmer series in these stars had originated from ionized
towards the interior [3,31]. The desire to link helium leviel helium. At the same time, he outlined that the same spec-
the Sun with those anticipated from the primordial synthesial lines for classes later than B2A were completely due to
continues to dominate modern solar theory [18]. NonetHgydrogen [37, p. 151].
less, it can be demonstrated that the methods used to estimatSubrahmanyan Chandrasekhar’s (Nobel Prize, 1983 [42])
primordial helium levels in the universe [24] are eitherilig thesis advisor, Sir Ralph H. Fowler [43], had provided digni
suspect or implausible. Given these complexities, it isappcant insight and criticisms into Saha’s second manus@ipt [
priate to compose a critical review of how helium abundandesl53] and the resulting text was masterful. In 1927, Megh
have been historically obtained and how they are curremtly dNad Saha was elected a Fellow of the Royal Society [34].
termined, both in the Sun and in the universe at large. In the meantime, Fowler [43] and Edward Arthur Milne

[44] would collaborate and construct a wonderful extension
2 Assessing elemental abundances in stellar spectra  [45,46] of Saha’s seminal papers [36,37]. They improved the
2.1 The Saha Equations trga_tment of ionizat_ion tq consider not only principle Bne
arising from atoms in their lowest energy states, but also th

Reasoning, like Lindemann [32] and Eggert [33] before himubordinate lines produced by excited atoms and ions [45,46
that the fragmentation of an atom into an ion and an electi@or his part, Saha had concentrated on the excitation and ion
was analogous to the dissociation of a molecule, Megh Nadtion of the neutral atom [36, 37]. Fowler and Milne un-
Saha [34, 35] formulated the ionization equations [36, 7] derstood that the marginal appearance of a spectral lind cou
the early 1920s. In so doing, he called upon the Nernst eqba-used in determining relative concentrations and pravide
tion [38] and suggested that the free electron could be \dewsnme indication of the minimum number of atoms necessary
as an ideal gas. He also relied on thermal equilibrium afut appearance [45, 46]. They emphasized the idea thizd:
the ionization potentials of the elements. Since Saha's-eqimtensity of a given absorption line in a stellar spectrum is
tion was inherently related to parameters associated With proportional to the concentration of atoms in the stellar at
ideal gas (i.e. [39, p. 29-36] and [40, p. 107-117]) he demanesphere capable of absorbing the lirié5, p. 404]. Their
strated that the level of ionization could be increasedeeitifirst paper also highlighted the value of the maximum of a
with elevated temperature or decreased pressure. Sahaspgetral line in assessing the temperature and pressure of t
pothesized that the pressure of the reversing layer appedaaeversing layer and outlined that this problem was Ifi@cied
0.1-1 atm [36, p. 481] and was the first to utilize this assunmipy the relative abundance of the element studied [45]. Using
tion to account for the appearance of spectral lines acressllar data from the lines of Ca, Mg, Sr, and Ba they deter-
stellar classes as simple functions of temperature [36, 3Wjned that the electron pressure of the reversing layer was
He was concerned with the marginal appearance of speatrathe order of 16* atm [45]. Fowler and Milne understood
lines [36, 37], that point at which these features first appgtathat electron pressur®e, of the reversing layer was not de-
on a photographic plate. Cecilia Payne [1, 41] would sotgrmined by a single ionization process, but by the ionirati
estimate the abundance of the elements in the universe usihmany elements: It thus regarding R as fundamental we
the same criterion [8]. are in gfect assuming that, due to the presence of more eas-

In his initial work, Saha would comment on the imposly ionised atoms, there are so many electrons present that
sibility of solar temperatures increasing as one moves frdhe partial electron pressure is practically independefite
the photosphere to the upper chromosphekeckyer’s the- degree of ionization of the element under discuss|ds,
ory... [that elements become more ionized as higher elepa409]. They expressed concern that their results led to the
tions are reached within the chromosphere] ... would lead assumption that absorbing species had very large absorptio
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codficients [45]. Milne had already determined that the atite metal$[1, p. 19]. That early manuscript was never pub-
sorption coéficients should be very large [47] and would latdished and has since been lost [1, p. 20]. Tempered by Rus-
devote another theoretical paper to their determinati@®j [4sell and Shapley, Cecilia Payne finally produced her famous
In their work together, Fowler and Milne explicitly assumeBhD dissertationStellar Atmospheres: A Contribution to the
that the reversing layer could be treated as existing un@@rservational Study of High Temperature in the Reversing
conditions of thermal equilibrium, as Saha’s treatment reayers of Star$8]. She would comment on hydrogen in this
quired [36]. The validity of such assumptions is not simple thanner: ‘Although hydrogen and helium are manifestly very
ascertain. abundant in stellar atmospheres, the actual values derived
At Cambridge, Milne met Cecilia Payne [1, p. 121], a stdrom the estimates of marginal appearance are regarded as
dent at Newnham College [1, p. 112] and learned of her ispuriou$ [8, p. 186]. A little later she would add:The out-
pending access to the vast collection of photographic plagtanding discrepancies between the astrophysical andgerr
used to generate the Henry Draper Catalogue at the Hartaiad abundances are displayed for hydrogen and helium. The
Observatory [1, p. 144-153]. Prior to the advent of the moelhormous abundance derived for these elements in the stel-
ern MKK classification [49], the Henry Draper Catalogue wdar atmospheres is almost certainly not rég8, p. 188] and
the largest stellar library collection, with over 200,008ssi- “The lines of both atoms appear to be far more persistent,
fied stars [1, p. 144-153]. Milne suggested thhhe had... at high and low temperatures, than those of any other ele-
[Payne’s] ... opportunity, he would go after the observatio ment [8, p. 189].
that would test and verify the Saha thetfd, p. 155]. Cecila For her part, Payne privately maintained that hydrogen

Payne soon left Cambridge and sailed to America. was tremendously abundant in the staMihen | returned to
- ) ) visit Cambridge after | finished this first essay in astropts;s
2.2 Cecilia Payne: What is the universe made of? | went to see Eddington. In a burst of youthful enthusiasm, |

‘I remember when, as a student at Cambridge, | deald him that | believed that there was far more hydrogen in
cided | wanted to be an astronomer and asked tfige stars than any other atom. ‘You don’t mean in the stars,
advice of Colonel Stratton, he replied, “You can'y,o mean on the stars’, was his comment. In this case, indeed,

expect to be anything butan amateur”. | should hay§ a5 in the right, and in later years he was to recognize it
been discouraged, but | wasn't, so | asked Eddin 507 [1, p. 165]

ton the same question. He (as was his way) thought \ S . .
it over a very long time and finally said: “I can see Payne’s work also highlighted the importance of helium

no insuperable obstacle” [50, xv]. in the O and B class stars [8]. For the first tim_e, hydrogen
and helium became the focus of scrutiny for their role as po-
Nineteenth century scientists had little on which to basé thtential building blocks of the stars and the cosmos [8]. She
understanding of the composition of the universe. Theesluemphasized thatthere is no reason to assume a sensible de-
could only come from the Earth itself and from the meteoritearture from uniform composition for members of the normal
which occasionally tumbled onto its surface. Consequegihtlysequencg[8, p. 179] and The uniformity of composition of
was not unreasonable to expect that the universe’s compstilar atmospheres is an established Tg&, p. 189]. She
tion matched the terrestrial setting. However, stellactpge also held, as Eddington and Zeipel had advanced, that given
already stored on photographic plates throughout Euroge #éimeir gaseous natureah gfect of rotation of a star will be
especially in the vast Henry Draper Collection, were hidirtg keep the constituents well mixed, so that the outer pustio
a drastically altered viewpoint. With the arrival of yet anef the sun or of a star are probably fairly representative of
other woman at the Harvard Observatory [51-60], the sténe interior” [8, p. 185]. Still, Payne was cautious relative to
could not much longer conceal their story. Surrounded bytending her results as reflecting the internal compaosifo
Pickering’s Harem [51-60], Cecilia Payne [1,41] completede stars: The observations on abundances refer merely to
her classic report on the abundance of the elements [8] &imel stellar atmosphere, and it is not possible to arrive iis th
became the first to underscore the importance of hydrogemay at conclusions as to internal composition. But marked
the constitutive atom of universe. Her thesis had been cadlgferences of internal composition from star to star might be
fully prepared and presented supportive laboratory evidenexpected to gect the atmosphere to a noticeable extent, and
not only of ionization potentials, but of the validity of Ss&i& it is therefore somewhat unlikely that suclfeliences do oc-
treatment [8, p. 105-115]. cur'[8, p. 189].

Stellar spectra signaled hydrogen [61] was so abundantPayne would conclude her thesis with a wonderful expo-
that several scientists, including Henry Norris Russelyld sition of the Henry Draper Classification system [8, p. 190—
not fully accept the conclusion. Payne had written an eafl98]. Otto Struve would come to regard the studytas ‘most
manuscript detailing the tremendous presence of hydrdgerrilliant Ph.D. thesis ever written in astronorhjg1]. Edwin
p.19]. Her thesis advisor, Harlow Shapley, forwarded tihtubble would comment relative to PayneSHe’s the best
work to Russell who commentedit‘is clearly impossible man at Harvard [1, p. 184]. As Milne suggested, the first
that hydrogen should be a million times more abundant thdissertation of the Harvard College Observatory was fodnde
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upon the application of the ionization equations [36,3748b great majority of the atoms of any given kind, whether iotize

to the detailed analysis of spectral lines across steléasels. or neutral, will be in the state of lowest enefd$0, p. 21]. At

It did not specifically address elemental abundances in the same time, Russell realized that this rule was not obderv

Sun. Nonetheless, Payne’s 1925 dissertation heraldeghtheby hydrogen, leading him to the conclusion that the element

plication of quantitative spectral analysis in astronoBly [ was extremely abundant in the SurOrie non-metal, how-

ever, presents a real and glaring exception to the genetal ru

2.3 Albrecht Unsdld, hydrogen abundance, and evi- The hydrogen lines of the Balmer series, and, as Babcock

dence for a solar surface has recently shown, of the Paschen series as well, are very

Albrecht Unsold extended Payne’s studies with a focus Btrqong in the Sun, though the energy required to put an atom

the solar spectra [9]. Following in her footsteps [8], in 892mt0 condition to apsorb these series is, respectlvelylaq.
[9], he applied the ionization formula [36, 37] to the chr and 12.04 volts - higher than for any other solar absorption

. . . q| es. The obvious explanation — that hydrogen is far more
mosphere and estimated the levels of sodium, aluminum, cal-
) . ) o . abundant than the other elements — appears to be the only
cium, strontium, and barium. In addition, Unsold deteraain

that the electron gas pressure in the chromosphere stoognaét [10, P- 22.]' In_ fact, even the hydrogen Brackett lines
~ 106 atm [9]. He also concluded that hydrogen must can be visualized in the infrared spectrum of the Sun [68].

about one million times more abundant than any other e ussell also highlighted Unsold’s observation [9] that bly-

ment in the Sun [9, 62]. William McCrea was soon to eci} jogens, y, ands lines did not decrease as expected. That

Unsold, finding that hydrogenwas a million times more aburﬁe hydrogen lines were extremely broad in the Sun hfid al-
dant than Cawithin the chromosphere [62, 63]. ready been well established. Russell echoed some of his con-

. temporaries and suggested that this might result from & Star
Importantly, Unsold also documented that the absorbar(léﬁetzact [10, p. 50].

of the hydrogery, y, and§ lines did not decrease across Finally, Russell accepted Payne’s findings relative to hy-

the Balmer series (=1; H; =0.73; H,=0.91; H;=1.0) S drogen and reported her numbers for the elements without
expected from quantum mechanical considerations=(&, comment in his table XVI [10, p.65]. He stated thafthe

Hﬁ = 0.19; HV =0.07; H;=0.03) [9]. This was an |mportantmost important previous determination of the abundance of
finding relative to the nature of the Sun. Recently, the be- . . :
the elements by astrophysical means is that by Miss Payhe. ..

havior of hydrogen emission lines has been analyzed w; . .
non-LTE methods [64]. It has been concluded that the 3 f : P- 64]" Russell fognq the correlation between theirkgor

: . . . to display ‘a very gratifying agreemehf10, p. 65]
and higher levels are in detailed balance deep in the photo- Like Payne, Russell had relied on the work of Fowler and
sphere, but they develop a non-LTE underpopulation furtqﬁr ’

o : iine [45, 46] to set the composition of the Sun. He imple-
out. However, the levels with higher n-values stay in dethil ented their suggestion that electron presstRescould be
balance relative to each other at these atmospheric deptﬁ‘s 99 P

- . . athered by considering the spectra and the ionizatiompote
and they also collisionally couple tightly to the conﬂnd’unﬁal for elemyents like CagSc TipSr and Yt. From these hF:e de-

[64]. Yet, in the gaseous models of the Sun, the continuumd|

l‘f'ced aPe of 3.1x10°% atm, in close agreement with Milne
not composed of condensed matter [65]. It represents an a&agx 10°5 atm), and Payne and Hogg.2x10-° atm) in
of profoundly increased solar opacity [65]. Nevertheléss, *~ y y 99.

behavior of the Balmer series in the solar atmosphere diro gass GO stars [10, p. 54-55]. Along with John Quincy Stew-

ng. . X X

. ) . t, Russell had previously considered various means ef-det

;S:rppgﬁ th: |dheaSit?aa|t g:ﬁitsugf'sggggﬁtngggsoiz cogl?fhnZZd mma}n'ing the pressures at the Sun'’s surface and had determined
' y apny y Y, hat the pressure of the reversion layer could not be more tha

surface, can perm|t t'.ght collisional coupling to Fhe cantl 104 atm [69]. But Russell reported a factor of at least 10 in
uum, as it is impossible to couple to the opacity changes ; . .

: . . . cordance in calculating electron pressures based loer eit
which characterize the continuum in gaseous models [6

These findings comprise the sixteenth and seventeenth ”}qe'sionization formula or the numbers of metallic atoms and
) 9 P . ; 101S [10, p. 70-71]. He would resolve thefittulty at the end
of evidence that the Sun is comprised of condensed matter, . . . . "
X : . Of his treatise when setting the final elemental composition
The others are outlined by the author in recent pubhcatlofns
(e.g. [66]) or the Sun [10, p. 72].

9 ' At the same time, while Payne had understood the impor-
tance of local thermal equilibrium (LTE) for the proper appl
cation of Saha’s equation [8, p. 92-101], she did not attempt
to make an explicit correction for the lack of equilibrium.
Soon Henry Norris Russell [67] surpassed Unsold in his-an@lonversely, Russell placed a correction factor in his work f
ysis of solar spectral lines and provided a detailed compadeparture from LTE: YWe have finally to take into consider-
tional analysis of the Sun. Relative to the occupied energtjon the fact that the atmosphere may not be in thermody-
levels within atoms on the Sun, Russdiiamed that: ft must namic equilibrium. The comparison of solar and stellar spec

further be born in mind that even at solar temperatures th& affords evidence that this is the cd$&0, p. 52]. Relative

2.4 Henry Norris Russell: Inability to estimate Helium
from spectral lines
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to his final abundances he commente@hé main source of in the interior of a star breaks down as we approach the sur-
uncertainty which fects them is the magnitude of the corface [77, p. 81-83]. In 1928, Milne would express concern
rection for departure from thermodynamic equilibriifdO, relative to the appropriateness of the inferred thermal-equ
p.58] and fif the correction for departure from thermodydibrium in the reversing layer, as required by the Saha equa-
namic equilibrium should be wholly disregarded, the calctions [36, 37], although he believed that studies based en th
lated abundance of hydrogen — already very great — wouwdlidity of the ionization equations should be pursuethé
be increased thirty fold[10, p. 62]. In the 1920s, of courserecent work of Adams and Russell brings forward evidence
there was hesitancy concerning the tremendous levels of that the reversing layers of stars are not in thermodynamic
drogen observed in the solar atmosphere. equilibrium. This suggests a degree of caution in applyiireg t
For Russell, oxygen appeared as abundant as all otlwadamental method and formulae of Saha to stellar spectra.
metals combined. He also argued against, although did Newvertheless, departure from thermodynamic equilibriam ¢
fully dismiss, gravitational settling in the Sun for the Wiest only be found by pushing to as great a refinement as possible
metals: ‘It does not appear necessary, therefore, to assuithe theory which assumes thermodynamic equilibti[48].
that downward dfusion depletes the sun’s atmosphere of tigerasimovic had already advanced corrections for small de-
heavier elements, though the possibility of such an inflaengations from thermal equilibrium [79] and Russell applied
remains [10, p. 59]. Importantly, he noted: The statement corrections directly in his work [10]. By 1925, the Saha equa
that enhanced lines are found in the sun for those elemetiegis had been generally confirmed under experimental con-
which have lines of low excitation potential in the accessilditions (e.g. [8, p. 111-112] and [80]), but only in the bread
region has therefore few exceptié$0, p. 35]. At the same est sense. Over time, the ionization equations continubd to
time, he advanced that for those elementkith fail to show widely studied and the problems considered were extended
enhancement lines in the sun, the excitation potentialghfer to include two-temperature plasmas (e.g. [81]), high pres-
accessible lines are high in every case for which they hasigres (e.g. [82]), varying opacities (e.g. [83]), and ndi:L
been determin€d[10, p. 35]. Furthermore Russell hypoth{e.g. [84-88]). The Saha equations eventually became a use-
esized that: It appears, therefore, that the principle factoful staple in the treatment of plasma physics [89, p. 164] and
which is unfavourable to the appearance of a spectral line $tellar atmospheres [90-92].
the sun is a high excitation potentidlL0, p. 35]. This was As Auer highlighted relative to solar models [88], under
precisely the case relative to helium. non-LTE, a set of rate equations enters into the problem of
With respect to the second element, Russell wrot@ete determining the abundance of any given electronic state. Fu
is but one element known to exist in the sun for which no ediermore, the radiation field is introduced directly int@ th
mate of abundance has now been made - and this is He. Efgations [88] utilized to calculate both opacities and-pop
intensity of its lines in the chromosphere shows that it roastulations. The problem therefore becomes dependensin “
present in considerable amount, but no quantitative edimanultaneous knowledge of the radiation field at all frequeaci
seems possiblg10, p.62]. Here was an explicit admissior?nd all depth’[88, p.576].
that solar helium abundances could not be ascertained using/Vhile ionization appeared tractable given modern com-
spectral data. puting, the solution became linked to the knowledge of stel-
Helium was abundantly visible in early type stars, as Ci&l opacities, an area of theory whose weaknesses have al-
cilia Payne had already discovered [8] and Paul Rudnick [#6RdY been outlined [78]. Nonetheless, non-LTE approaches
and Anne Underhill continued to confirm [71-73]. Estimatd§ve been successful in addressing the spectra of early type
of the number of hydrogen to helium atoms in O and B ty$ars [93-95]. Today, such methods also account for elec-
stars varied from values as low as 3.2 to more than 27 [f®nic, atomic, and ionic collision processes [64]. NorELT
p.156]. A factor of nearly 10 in relative abundances froPProaches have provided considerable insight into the Bal
spectral lines in such stars was hardly reassuring. NonetRér and Paschen series associated with the hydrogen spec-
less, Underhill still surmised that the number of heliurmago trum of the Sun [64].

was at the 4-5% level [73]. Yet for the Sun, data about helium Finally, it appears that the treatment adopted by Cecilia
abundance remained wanting. Payne might not have been too far afield [8]. For many of

the cooler stars, simple LTE seemdistient to address ion-
ization problems [94]. Non-LTE methods become most im-
portant for the O and A class stars [93-95]. In any case,
Milne was perhaps the greatest authority relative to Ideatt helium cannot be assessed on the Sun using the ionization
mal equilibrium (LTE) in astronomy [74-77] and many oéquations due to the lack of appropriate spectral lines. As a
the most salient aspects of his arguments have been revieresdlt, while the LTE and non-LTE settings may be funda-
[78]. Milne advocated that LTE existed in the center of mental to the proper treatment of spectral lines, the method
star and that his treatment permitteds“to see in a gen-have little bearing on the proper evaluation of helium lsvel
eral way why the state of local thermodynamic equilibrium the Sun.

2.5 Local Thermal Equilibrium
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3 Helium from solar theory The helium proportion is rather uncertain and the error in-
troduced by neglecting helium altogether snja00, p. 142].
Modern stellar theory would come to rely greatly on the opac-
Since Russell was not able to extract helium abundancesifi-contributions of the negative hydrogen ion (H[102].
rectly from spectral lines, he did so, without further st - stromgren’s assumptions were premature. Still, he champi
justification, by assuming that the Sun had an mean molegyed the idea of initially computing opacity, and from these
lar weight of~ 2 [10, p. 72—73]. Such a value had also begfjues obtaining both solar parameters and elemental abun-
suggested by Saha [36, p.476], who had in turn adoptegdhces [100, 101].
from Eddington [96, p. 596]. As for Eddington, he had pre- Eqjlowing the publication of a key modeling paper by
viously examined the radiation equilibrium of the starsgsi Cowling [103], Martin Schwarzschild was to take the next
a mean molecular We|ght of 54 [97] In 1916, this value hqﬁeoretical Step [104] First, he made use of the mass-
been Selected based on the be“ef that the stars were p”mﬁr“nosny relation Wh||e expressing mean mo'ecu|ar WE|gh
pally composed of elements such as oxygen, silicon, and itg{y opacity as a function of elemental compositi¥n=(hy-
prior to full ionization [1, viii]. Eddington lowered the ra@ drogen,Y = helium) [104]. Then, reasoning that the energy
molecular weight to a value of 2 in 1917 [96, p. 596], baseglitput in the Sun from the CNO cycle [13] was directly re-
on the idea that the elements would be fully ionized in thged to elemental composition, he derived a fractional el-
stars. In the fully ionized state, hydrogen has a mean molggental composition for hydrogen, helium, and the metals
ular weight of 0.5, helium of 1.3, and iron of~ 2 (see [40, equal to 0.47, 0.41, and 0.12, respectively [104]. The tssul
p. 102-104] for a full discussion of mean molecular weigh§gere once again critically dependent on estimated opacitie
in astrophysics). It was this value which Russell was to ad@phich Schwartzchild, like Stromgren before him [100, 101]
in his calculations. assumed to display Eddington’s [983.5 power dependence
Using a mean molecular weight corresponding to a meg temperature (see Eq. 9 in [104]). In fact, Schwarzschild
rich Star, Russell concluded that helium was 13% as ab%fized an even greater dependence on temperature for en-
dant as hydrogen by weight [10, p. 73]. He then computgghy production, allowing a 17th power in the exponential
that the Sun had equal percentages of oxygen and other mte Eq. 11 in [104]). Yugo linuma then advanced a broader
als (~ 24% each) and that hydrogen comprised just under halfproach to the stellar composition problem [105]. He was
of the constitution £ 45%) by weight (see table XX in [10,concerned with ranges of reasonable starting points, looth f
p. 73]. If Russell had selected a mean atomic weight@5, hydrogen concentration and average molecular weight. His
there would be dramatic Changes in the calculated heliw’@atment remained dependent on Opacity Computationsl
levels. though less rigid in its conclusions [105]. Schwarzschild e
al. [106] then introduced thefects of inhomogeneity in the
solar interior and convective envelopes along with solar ag
In arbitrarily selecting mean molecular weights [96, 9743; E into the abundance problem. They reached the conclusion
dington determined the mean central stellar temperatumes that the temperatures at the core of the Sun were such that
pressures along with the acceleration due to gravity atithe gshe carbon cycle should start to contribute to the problem.
face (e.g. [97, p.22]). In turn, these parameters altered thydrogen abundances were assumed in order to arrive both
calculated absorption céicient, and hence opacity, of stelat a convection parameter and at helium values [106]. The
lar interiors [97, p.22]. Consequently, the setting of meanitical link to opacity remained [106]. Weymann, who like
atomic weight had a profound implication on nearly eve§chwarzschild, was also at the Institute for Advanced Study
aspect of stellar modeling, but opacity would always reméabnailt on his findings [107]. Taking account of the carbon cy-
paramount. In 1922, Eddington had derived a relationslule, Weymann found that the core of the Sun was not con-
between opacity and temperature [98] which would becomective [107]. Powers of 4 and 20 for temperature were as-
known as Kramer's law [99]. sumed in the energy generation laws associated with the pp
Soon, Stromgren introduced an interesting twist to Ednd CNO cycles [107]. The hydrogen fractional composition
dington’s approach [100, 101]. Rather than assuming a meénhe Sun was assumed and ranged from 0.60 to 0.80 (see
atomic weight, Stromgren began his calculations by compiiible 3 in [107]). This resulted in helium and metallic frac-
ing opacity values, and from there, estimating the fraetiortional compositions of 0.19-0.32 and 0.01-0.08, respelgtiv
composition of hydrogen within several stars [100], redyin(see Table 3 in [107]).
in part on Russell's elemental composition [10]. He con- In 1961, Osterbrock and Rogerson would elegantly sum-
cluded that the fractional abundance of hydrogen w@s3 marize the situation relative to estimating helium aburgan
and maintained that the presence of helium would have litthethe Sun: Though helium is observed in the upper chromo-
effect on these calculations sinckydrogen and helium dosphere and in prominences, the physical conditions in these
not contribute to the opacity directly100, p. 139]. Strom- regions are too complicated and imperfectly understood for
gren would write: e have neglected the influence of heliurthe abundance ratio to be determined from measurements of

3.1 Henry Norris Russell

3.2 Early abundance calculations
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these emission lines. Hence the only reliable way to find tirked to the determination of internal solar opacity. The
helium abundance in the Sun is by analysis of its interrgiestions are complex and have been addressed in detail al-
structuré [108]. Yet, given the progress to date, the deteready by the author [78]. In the end, opacity tables [110}118
mination of elemental compositions within the Sun had bekave no place in the treatment of stellar problems, precisel
a complex adventure involving either assumed values of &ecause they are incapable of reproducing the thermal emis-
erage molecular weights, hydrogen abundances, energy géom spectrum required [78]. They simply mask ignorance
eration reactions, and opacity. The latter would evenjuatif a fundamental problem in astronomy: the mechanism for
present the greatestfficulties [78]. Osterbrock and Rogerthe production of a thermal spectrum. Their inability to ac-
son would utilize Weymann'’s calculation, along with makingount for the production of a single photon by graphite on
an assumption by setting tH# X ratio at 64x 1072 [108], Earth [78], establishes that stellar opacity derived freoy i
to estimate interior solar fractional abundanceXat 0.67, lated atoms and ions can play no role in the proper under-
Y = 0.29, andZ = 0.04. They were guided in this estimatiorstanding of thermal emissivity in the stars. As a result, he-
by the belief that: the solar, planetary nebula, and interstellium levels can never be established using theoretical thode
lar abundances are all essentially the sani£08, p.132]. ing based on the gaseous equations of state and their iiheren
For the planetary nebula NGC 7027 they set the fractiorasociation with stellar opacity tables [78].
abundances & = 0.64,Y = 0.32, andZ = 0.04 [108]. Solar
elemental composition became decidedly linked to estinale primordial helium abundances
from remote objects. The stage was set for conclusively link
ing solar elemental composition to stellar evolution anid pfhe quest to understand helium levels in the stars has been
mordial nucleosynthesis. further complicated by the inferred association of this ele
ment with primordial nucleosynthesis in Big Bang cosmol-
ogy [24-30]. Early on, Alpher, Bethe, and Gamow postulated
that the elements had been synthesized in a primordial fire-
Eventually, the solar neutrino problem entered theorktitall [122]. This nucleosynthesis was proposed to incluge th
modeling [16, 109]. In his simulations, John Bahcall woulentire periodic table and even unstable elements, witht shor
utilize fractional abundances of relatively narrow range=( lifetimes, of greater atomic number [122]. Soon, the ided th
0.715-0.80,Y = 0.19- 0.258 andZ = 0.01- 0.027), set- the composition of the stars was largely related to prinadrdi
ting the central densities and temperatures near 1&@°g conditions was born, especially relative to hydrogen and he
and 15 million Kelvin, respectively [16]. The results, as béium [24, 123]. No other scheme appeared likely to explain
fore, were reliant on the use of solar opacity estimates. [78]e tremendous He levels in stellar atmospheres, which ap-
By the beginning of the 1970s, fractional abundances for lgoached 27% by weight [3, 24]it‘is the purpose of this ar-
lium and the metals were settling on values near 0.28 diade to suggest that mild ‘cooking’ [such as found in stars]
0.02 [25]. Solar models became increasingly complex, lig-not enough and that most, if not all, of the material of
lying on stellar opacity tables [110-118], energy generatiour everyday world, of the Sun, of the stars in our Galaxy
equations, neutrino flux, and solar age to arrive at intgrnadnd probably of the whole local group of galaxies, if not the
consistent results [17, 18]. Complexity was also introducehole Universe, has been 'cooked’ to a temperature in excess
by considering helium and heavy elemenfuion through- of 10'°K” [123, p. 1108]. By then, the astrophysical commu-
out the solar body [17,18,119,120]. It became importantnity had already accepted that the heavy elements, which con
establish not only modern helium content, but also theahitstituted trivial amounts of matter compared to hydrogen and
helium abundance inthe Sun[17,21,121]. Gough had alredyium, had largely been synthesized in the stars [14]. Only
suggested that helioseismology could be used to help est&h-?H, 3He, “He, and’Li became candidates for synthesis
lish fractional abundancesThus one might anticipate infer-through a primordial process [124,125].
ring the hydrogen-helium abundance ratio by comparing the The postulate thathelium abundance is universal and
measured values with a sequence of model solar envelopess generated in a Big Bah{fl25] eventually came to wide
[19, p. 21]. Helioseismological results became strongtpin  acceptance. The entire theory was hinged on elevated helium
porated into solar modeling [20-23] anbelioseismic tech- abundances:We can now say that if the Universe originated
niques ... [became] ...the most accurate way to determifea singular way the H@l ratio cannot be less than about
the solar helium abundantf0, p. 235]. The techniques re-0.14. This value is of the same order of magnitude as the
mained linked to the equations of state which contained sil§served ratios although it is somewhat larger than most of
unknowns including: elemental composition, density, tethem. However, if it can be established empirically that the
perature, and pressure [20, p. 224]. Moreover, the probleraso is appreciably less than this in any astronomical aije
required an explicit knowledge of opacity [20, p. 224] frorth which djfussive seperation is out of the question, we can
its associated tables [110-118]. assert that the Universe did not have a singular oridit23,
Relative to solar models, the central problem remaips1109]. Elevated helium levels, along with the discovery

3.3 Modern abundance calculation
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of the microwave background [126] and the red-shifts of distore, the use of H Il regions for this purpose discounts the
tant galaxies [127,128] became one of the three greatgillatea that helium has been synthesized locally. Such a sug-
of Big Bang cosmology [24, 129, 130]. This explained whgestion should not be easily dismissed, as the temperatures
gravitational settling had become critical in discountioggy of observation [141] are well above those in equilibriumhwit
helium abundances of certain B type stars [3, 30, 31]. If etive hypothesized residual temperature of the Big BarK)
pirical helium levels fell into question and a mechanism ekt30]. Only low metallicity supports the idea that these he-
isted to accept the tremendously decreased helium level§ium concentrations are primordial. Nothing should praven
these special B type stars [3, 31] by preventing gravitafiorstellar systems from creating regions of low metallicityt-ou
settling [131], Big Bang cosmology could not survive. Steside of a cosmological context. In this regard, the elevated
lar and solar helium abundances cannot be allowed to dropemperatures of H Il regions suggest that a process well be-
modern cosmology. yond primordial considerations is now influencing elementa
Today, the quest to link helium abundances and primabundances in these regions. As such, it is imprudent to de-
dial nucleosynthesis has continued [26—30] using two linege primordial helium abundances from H Il regions.
of reasoning: 1) the analysis of anisotropy in the microwave We do not know, and will probably never be able to ascer-
background [132, 133] and 2) the observation of helium atgin, primordial helium abundances. In order to observe he-
hydrogen lines from low-metallicity extragalactic HIl iegs lium in astronomy, elevated temperatures are requiredsd he
[26,134-137]. immediately imply that the processes observed are no longer
Unfortunately, the use of anisotropy data [132,133] to aifr thermal equilibrium with those of interest in cosmology
alyze primordial helium abundances are highly suspecst,Fif130].
insurmountable problems exist with the WMAP data sets, as
already highlighted by the author [138]. WMAPfBrs from 5 go|ar winds: The key to understanding helium
significant galactic foreground contamination which canno
be properly removed [138]. In addition, the WMAP tearhi€lium abundances can also be monitored in the solar wind
cannot distinguish between signal arising from a hypothdf#43-152]. Presumably, the results are so dynamic that they
Ca”y primordia| Origin from those produced throughout th@';lnnot be utilized to establish helium levels in the Surfitse
universe as a result of normal stellar activity [138]. Whillowever, solar winds [143-152] have presented astronomy
evident 'point sources’ are taken into account, it remaims i With @ wealth of scientific information, which could be used
possible to determine, on a pixel by pixel basis, whether tifeProfoundly alter our understanding of the Sun [131].
signal has a primordial origin, or originates from an uniden Already in 1971, it was recognized that solar wind helium
tified non-cosmological object [138]. Furthermore, WMARbundance measurements gave values which were lower than
raw data has proven to be unstable from year to year iih@se ascertained from theoretical experiments [143,$. 36
manner inconsistent with the hypothesized cosmologidal ofhe study of solar winds became linked to models of the
gins of these signals [138]. The datdfsus from poor signal corona. Although the relative abundance and velocitieyeof h
to noise and the ILC cdgcients used for generating the finafirogen to helium were advanced as profoundly dependent on
anisotropy maps do not remain constant between data reledggation [143], it remained evident that solar winds haeota
[138]. Most troubling, the data sets cannot be combined @seat deal of reliable information. Early on, it was knowatth
ing a unique combination of spectral channels [138]. Ash&lium to hydrogen density ratios in the solar wind could ex-
result, since no unique anisotropy data set can be extragtedence dramatic fluctuations [144], especially in slowads
[138], the data has no scientific value in analyzing heliuih47], though values appeared more stable at high solar wind
abundances. Similar problems will occur when data from tepeeds [145]. Extremely low ratios of 0.01, rising to 0.08,
Planck satellite finally becomes available [139]. As a rgsulvith an average of 0.037, were reported [144]. Clearly, such
all helium abundances derived from microwave anisotrogglues were in direct conflict with the elevated helium lev-
data sets must be viewed with a high degree of suspicion. els expected in the Sun from primordial arguments [123]. As
On the surface, the extraction of primordial helium abuguch, solar wind measurements became viewed as unreliable
dances from H Il regions appears more feasible [26, 13#lative to estimating helium abundances in the Sun [148].
137]. H Il regions are rich in both hydrogen and helium but Nonetheless, something truly fascinating was present in
have low heavy element abundance440 solar) [140]. Un- solar wind data. The Sun appeared to be expelling helium
like H I regions & 60K), H Il regions exist at temperaturegJ. C. Robitaille, personal communication [131]) with in-
between 7,500 and 13,000 K [141]. In H |l regioribé*He creased activity. The helium to hydrogen ratio was observed
abundance is derived from the recombination lines of sindly increase in association with the onset of geomagnetic
and doubly ionizedHe; neutral “He is unobserveti[140, storms [144] and was highly responsive to the solar cycle
p.50]. Unfortunately, experiments which utilized H Il ref146,149,151]. The helium abundance could rise from av-
gions to assess primordial helium cannot easily ascetttain terage values of less than 2% at the solar minimum to around
the sample has a uniform elemental composition. Furthér5% at maximum [149]. After the early 1970s, the vari-
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ation in solar wind helium abundance became increasinggrein was an explicit admission that the cause of extremely
pronounced. By 1982, helium abundances in the solar wiog helium levels in the solar wind could not be adequately
came to vary from values as low as 0.001 to as elevateduaslerstood. Conversely, fractionation models continwed t
0.35[147]. A single value as high as 0.40 was reported [14ifisist that elevated helium abundances were linked to #ue fr

At least half of all elevated helium abundance events weienation of large atoms by collisions with protons [15231.5
related to a transient interplanetary shock wave disturdamNothing could be gathered about solar helium abundances
[147], though a significant portion were not associated witftom solar winds precisely because theoretical constfocts
such events. Each of these extremes highlighted somettbage such conclusions.

phenomenal relative to solar winds. To explain the variabil

ity, theoretical models turned to the large scale structireg conclusions

plasma. It was assumed that elevated helium abundance orig-

inated in regions of high magnetic field activity in the comorModern day reports of elemental abundancesin the Sun [154—
[131]. It was found that helium abundan@thancements of-156] maintain that the Sun has a relatively large propoxtion
ten have unusually high ionization temperatures, indieatif helium withY values typically near 0.248 and primordial val-
an Origin in active solar processes. .. Conective'y’ thebe ues of 0.275. These values come from theoretical modeling,
servations suggest that... [helium abundance] ...enhan@8 helium remains spectroscopically silent in the photesph
ments in the solar wind signal the arrival of plasma ejectedd solar winds are viewed as unreliable [155, p. 166]. There
from low in the corona during a disturbance such as a lardére, claims that helium hasvery high abundancef155,
solar flare or an eruptive prominent¢l47]. While solar P.166] in the Sun are not supported by observational fact.
winds had a close link to theebmposition of the source main the end, mankind understands much less about this cen-

terial” it could then ‘be modified by the processes which ofal element than a cursory review of the literature migly-su
erate in the transition zone and in the inner cordifa4g]. gest. Careful consideration of solar modeling establisats
Primordial helium abundances within the Sun could be sav@itheoretical estimates of helium levels in the Sun cannot
by discounting that solar wind helium abundances had d¢fy relied upon, given their dependence of solar opacity ta-
meaning whatsoever relative to the composition of the SBi¢s [78]. This also applies to theoretical results which at
itself. The idea that solar activity reflected the expulsidn tempt to extract helium levels from helioseismology [156].
helium from the Sun (J. C. Robitaille, personal communickor this reason, it is simply not possible to establish etxva
tion [131]) was never advanced. While the scientific corhelium levels in the Sun from theory. As helium levels can-
munity maintained that helium abundances were not reljiabit be established spectroscopically, we are left with ttars
they claimed that it was possible to ascertain the fractiofgnds for guidance.

isotopic composition of the elements in the solar wind and re  Currently, solar winds are viewed as too complex to yield
late them directly to the solar convective zon€he variabil- information relative to solar abundances. In large measure
ity of the elemental abundances in the solar wind on all tintiis is because scientists are trying to understand thisidat
scales and the FIP... [first ionization potential] . ffect, the context of an object whose helium abundance has been
and its variability, will make it dficult to derive accurate largely set in primordial times [24, 123, 155]. The idea that
solar abundances from solar wind measurements, with ti€ Sun and the stars are actively working to control their he
exception of isotopic determinatiorid50]. Of course, iso- lium levels has never been previously considered [131].-Nev
tope analysis could never constitute a challenge to the exgheless, the association of solar activity and elevagtidin
tence of large amounts of primordial helium in the Sun [123gvels [146, 149, 151] strongly suggests that the activeiSun
Solar wind helium abundances had to be simply correla®@xpelling helium and excluding it from its hydrogen based la
to the coronal magnetic field, although the correlatiorficoetice (J. C. Robitaille, personal communication [131]). élar
cient was not powerfuls ~ 0.3) [152]. Nonetheless, heliumcan be found the cause of extremely low helium abundance
abundance depressions could not be explained under suefien obtained in the slow solar wind: the Sun works to keep
scenario [152]. At the same time, it is currently believeat thits helium levels low and solar activity represent a direatim
“solar wind abundances are not a genuine, unbiased sasfestation of this fact. In the quiet Sun the slow solar vgind
ple of solar abundances, but they are fractionated. One sun report fractional abundances of less than 2% and these
fractionation depends on the first ionization potential®lEl should be viewed as steady state helium removal from the
When comparing solar wind to solar abundances, elemea@vective zone of the Sun. Such an idea strongly supports
with low FIP (<10 eV) are enriched by a significant factor, théhe contention that the Sun and the stars are primarily com-
FIP bias, over those with a high FIP ... Another fractionatioprised of hydrogen in the liquid metallic state [131, 157].
process gects mainly helium, causing its abundance in the In advancing that the universe is largely composed of hy-
SW to be only about half of the solar abundance. .. It is masbgen and that helium is being excluded from the stars
likely due to insgficient Coulomb drag between protons an¢l). C. Robitaille, personal communication [131]), perhiiss
alpha particles in the accelerating solar wihfiL54, p. 16]. appropriate to turn once again to Cecilia Payne, as the §irsta
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tronomer to highlight the tremendous abundance of hydrogem Russell H.N. On the composition of the Sun's atmosphasro-
in the universe [8]. As a child, she had been eager to become phys. J. 1929, v.70, 11-82.
an astronomerit case there should be no research left whehl. Bethe H.A. and Critchfield C.L. The formation of deutesduy proton
she grew up[1, p.72-73]. Yet, her position changed dra-  combinatonPhys. Rey.1938, v.54, 248-254.
matically with age: tooking back on my years of research12- Bethe H.A. Energy production in staRfhys. Rey.1939, v. 55(1), 103.
| don't like to dwell only on my mistakes; | am inclined tol3: Bethe H.A. Energy production in staPhys. Rey.1939, v.55(1), 434—
count my blessings, and two seem to me to be very especia!llyB bidge E.M., Burbidge G.R., Fowler W.A. and Hoyle Faesis of
- . . . . urpiage e.\vl., burpidge G.K., Fowler VWW.A. an oyle Fn. SIS O
yaluazle' | Th_ef first blessmgfls th?:lt theh prl(l)chesi of dISCOVEJI’y the elements in the staiRev. Modern Phys1957, v. 29(4), 547—-650.
IS gradual — It we We,re confronted with all the facts at OnC?S. Wallerstein G., Icko I., Parker P., Boesgaard A.M., Hal#., Cham-
we should be so bewildered that.we.should not know.how 0 pagne AE., Barnes C.A., Kappeler F., Smith V.., ffiean R.D.,
interpret them. The second blessing is that we are notimmor- Timmes F.X., Sneden C., Boyd R.N., Meyer B.S. and Lambert D.L
tal. | say this because, after all, the human mind is not [ﬁab Synthesis of the elements in stars: forty years of progfeeg. Modern
enough to adapt to the continual changes in scientific ideas Phys, 1997, v. 69(4), 995-1084. _ _
and techniques. | suspect there are still many astronom Bahcall J.N., Bahcall N.A. and Shaviv G. Present statttisetheoreti-

who are working on problems, and with equipment, that are

many years out of date. Now that | am old, | see that itis dap.
gerous to be in too much of a hurry, to be too anxious to see

the final result oneself. Our research does not belong toaus, t

our institution, or to our country. It belongs to mankind.dAn 18.
so | say to you, the young generation of astronomers: more
power to you. May you continue to expand the picture of t

universe, and may you never lose the thrill it gave you when'it’
first broke on you in all its glory{Cecilia Payne-Gaposchkin, ,,

April 10, 1968 [50, p. xVv]].
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Hierarchical relationships between physical theories are discussed. It is explained how
a lower rank theory imposes constraints on an acceptable structure of its higher rank
theory. This principle is applied to the case of quantum mechanics and quantum field
theory of massive particles. It is proved that the Dirac equation is consistent with these
constraints whereas the Klein-Gordon equation, as well as all other second order quan-
tum equations are inconsistent with the Schrodinger equation. This series of arguments
undermines the theoretical structure of the Standard Model.

1 Introduction

The equations of motion are regarded as the basis of a physi-
cal theory. A mathematical analysis of these equations yields
the complete form of a given theory and of its details. The
validity of a mathematically correct physical theory should
be consistent with two kinds of tests. Thus, it must agree
with relevant experimental data and it must also be consis-
tent with well established physical principles. (Evidently, the
latter represent many experimental data in a concise form.)
The following simple example illustrates the latter point. A
new theory is unacceptable if its final results are inconsistent
with the law of energy conservation. This point shows the
significance of physical constraints that restrict the number
of acceptable physical theories and guide theoretical and ex-
perimental efforts to take promising directions.

The definition of a domain of validity is an important ele-
ment of a theory. For example, mechanics is the science used
for predicting the motion of bodies. It is very successful in
the case of the motion of planets moving around the sun. On
the other hand, it cannot predict the motion of an eagle flying
in the sky. This example does not mean that mechanics is in-
correct. It means that mechanics is a very satisfactory science
for a set of experiments. For example, Newtonian mechanics
is acceptable for cases where the following conditions hold:
the velocity is much smaller than the speed of light, the clas-
sical limit of quantum mechanics holds, and the force can be
calculated in terms of position, time and velocity. The set of
experiments where a given theory is successful is called the
theory’s domain of validity. This issue is used in the rest of
this work.

The definition of the domain of validity illustrates an im-
portant aspect of the correctness of a physical theory. Indeed,
this notion should be regarded in a relative sense. Thus, many
measurements are given together with experimental error. For
this reason, even if we know that a given theory is not perfect,
it still can be regarded as a correct theory for cases where the
theory’s errors are smaller than the experimental errors.

In this work units where /i = ¢ = 1 are used. In this system
of units one kind of dimension applies and here it is the length
[L]. Thus, the dimension of every physical quantity takes

48

an appropriate power of [L]. For example, mass, energy and
momentum take the dimension [L™!]. The metric is diagonal
and its entries are (1, —1, —1, —1). Greek indices run from 0 to
3. The subscript symbol ,, denotes the partial differentiation
with respect to x*.

2 The dimensions of quantum fields

Consider the two sets of experiments S 4 and S g defining the
domains of validity of the physical theories A and B, respec-
tively.

Fig. 1 illustrates the hierarchical relationships between
theories A and B. Here the sets S 4 and S g consist of all ex-
periments that are described correctly by theory A and B, re-
spectively. The set S, is a subset of S . This relationship
means that all experiments that are described successfully by
theory A are also described successfully by theory B, but not
vice versa. For this reason it can be stated that theory B has
a more profound meaning because it is also valid for cases
where theory A is useless. However, this fact does not mean
that theory A is wrong, simply because this theory can be
used successfully for all cases that belong to its domain of
validity S 4.

This kind of relationships between theories has been rec-
ognized a long time ago. For example, A. Einstein men-
tions special relativity and general relativity and explains why
special relativity should not be regarded as a wrong theory.
The reason is that special relativity holds in cases where a
flat space-time can be regarded as a good description of the

Sa

Fig. 1: Domains of validity of two theories (see text).
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physical conditions. Similarly, considering electrostatics and
Maxwellian electrodynamics, he explains why electrostatics
is a good theory for cases where the charge carriers can be
regarded as motionless objects (see [1], pp. 85, 86).

The issue of hierarchical relationships between theories is
also discussed in Rohrlich’s book (see [2], pp. 1-6). Here one
can find explanation showing the hierarchical relationships
between several pairs of theories. This discussion provides
the reader with a broader overview of the structure of existing
physical theories and of their hierarchical relationships.

As pointed out above, a physical theory that takes a higher
hierarchical position has a more profound meaning. The rest
of this work relies on another result obtained from these re-
lationships. Thus, a well established physical theory imposes
constraints on appropriate limits of a higher rank theory. For
example, this requirement is satisfied by relativistic mechan-
ics, whose low velocity limit agrees with Newtonian mechan-
ics (see [3], pp. 26-30). Similarly, the classical limit of
quantum mechanics agrees with classical physics (see [4], pp.
19-21 and [5], pp. 133-141). Below, this principle is called
constraints imposed by a lower rank theory. It is shown in
this work that this principle provides powerful constraints on
the acceptability of physical theories.

3 Hierarchical Relationships Between Quantum Theo-
ries

Let us discuss the hierarchical relationships between three
quantum theories of massive particles: non-relativistic quan-
tum mechanics (QM), relativistic quantum mechanics (RQM)
and quantum field theory (QFT) (see fig. 2). Thus, QM takes
the lowest hierarchical rank because it is valid for cases where
the absolute value of the momentum’s expectation value is
much smaller than the particle’s self-mass. RQM is valid for
cases where the number of particles can be regarded as a con-
stant of the motion. QFT is a more general theory and RQM
is its appropriate limit. The inherent relationships between
these theories are well documented in the literature. Thus,
S. Weinberg makes the following statement. “First, some
good news: quantum field theory is based on the same quan-
tum mechanics that was invented by Schrodinger, Heisen-
berg, Pauli, Born, and others in 1925-1926, and has been used
ever since in atomic, molecular, nuclear and condense matter
physics” (see [6], p. 49).

The Schrodinger equation takes the following form

Oy 1

i Fril ZmAw + Uy

An analysis of this equation yields an expression for a
conserved current whose density is (see e.g. [4], pp. 53-55)

p =Y. @

Relation (2) proves that the dimension of the Schrodinger
function is

D

[l =L (3)

Eliahu Comay. New Constraints on Quantum Theories

QFT

RQM
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Fig. 2: Hierarchical relationships between three quantum theories
(see text).

Here the expression for density depends only on the wave
function and contains no derivatives. The form of the density
(2) is an important element of the theory because it enables a
construction of a Hilbert space of the time-independent func-
tions which belong to the Heisenberg picture.

Let us examine the structure of QFT. The vital role of
the Lagrangian density in QFT can be briefly described as
follows. The phase is an indispensable element of quantum
theories. Being an argument of an exponent which can be ex-
panded in a power series, the phase must be a dimensionless
Lorentz scalar. Thus, the phase is defined as a Lorentz scalar
action (divided by 7). The following expression shows how
the action is obtained from a given Lagrangian density £

S =f.£d4x.

This expression proves that a dimensionless Lorentz
scalar action is obtained from a Lagrangian density that is
a Lorentz scalar whose dimension is [L™*].

This property of the Lagrangian density is used in an ex-
amination of two kinds of QFT theories. Let us begin with the
first order Lagrangian density of a free Dirac field yp (see [7],
p. 54)

“)

Lp = ¥p[¥id, — mlyp. )

Now, the dimension [L™*] of the Lagrangian density and
the dimension [L™'] of the operators 8, and m prove that the
dimension of the Dirac field ¢ is [L~>/?]. This value agrees
with that of the Schrodinger function (3). It means that the
Dirac field theory satisfies the dimension constraints imposed
by the lower rank theory of QM.

A different result is obtained from the second order com-
plex Klein-Gordon (KG) equation. The Lagrangian density
of this equation is (see [7], p. 38)

Lic = ¢"Plby —m' "6, (6)

Here the dimension of the operators is [L~2]. Using the
dimension [L~*] of the Lagrangian density, one infers that the
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dimension of the KG function ¢ is [L™!]. On the other hand,
it is shown in (3) that the dimension of the Schrodinger wave
function is [L73/2]. This outcome means that the complex
KG function ¢ violates a constraint imposed by a lower rank
theory.

It turns out that this inconsistency holds for other quantum
equations where the dimension of their field function is [L71].
Thus, a dimension [L™'] is a property of the following field:
the Yukawa particle (see [8], p. 211), the electroweak W=*,Z
bosons (see [9], p. 307) and the Higgs boson (see [10], p.
715). For this reason, quantum theories of all these particles
are inconsistent with the dimensional constraint imposed by
the Schrodinger equation.

One can also see immediately that the Yukawa and the Z
fields introduce to the Lagrangian density an interaction term
with a fermion ¢ which takes the form

Lin = gy N

This kind of interaction means that the field ¢ of each
of these particles is a real field (in a mathematical sense).
This conclusion stems from the facts that the action and the
integration factor d*x are real. These properties mean that all
terms of a Lagrangian density must be real. Now, since g and
the product iy are real, one finds that ¢ is real. Evidently, a
theory of a real field is inconsistent with another constraint of
QM. Indeed, QM uses a complex wave function and for this
reason the non-relativistic limits of the real field of Yukawa
and of Z particles also violate a second kind of constraint.

4 Concluding Remarks

It is explained in this work how hierarchical relationships
between physical theories can be used for deriving neces-
sary conditions that an acceptable higher rank theory must
satisfy. This issue is applied to QFT theories and the non-
relativistic limit of their field function is compared with prop-
erties of non-relativistic quantum mechanics. It is explained
how such a comparison provides a powerful criterion for the
acceptability of physical theories. The discussion examines
the dimension of quantum functions of several specific theo-
ries and compares the dimension of QFT theories with that of
the lower rank non-relativistic Schrédinger theory. It turns
out that the Dirac field satisfies this criterion whereas the
Klein-Gordon and the Yukawa theories as well as those of
the W*,Z and the Higgs boson fail to satisfy this criterion.
An important evaluation of a theoretical idea is a compar-
ison of its outcome with experimental results. Referring to
this issue, one should note that a field function y(x*) which is
used in QM, RQM and QFT depends on a single set of four
space-time coordinates x*. For this reason, ¥(x*) describes
an elementary point-like particle. The following example il-
lustrates this matter. A pion consists of a quark-antiquark
pair of the u, d flavor and each quark is described by a func-
tion that depends on its own 4-coordinates x*. Hence, a pion

50

cannot be described by a function (x*), simply because this
function has a smaller number of independent coordinates.
It turns out that experimental data of all spin-1/2 Dirac par-
ticles, namely, leptons and quarks, are consistent with their
pointlike attribute. On the other hand the pion, which was
the original KG candidate is not pointlike and the 7* mesons
have a charge radius which is not much smaller than that of
the proton [11]. There is still no experimental data concern-
ing pointlike properties of the W=, Z and the Higgs boson.

As is well known, the W=, Z and the Higgs bosons are cor-
nerstones of the Standard Model. It means that the series of
arguments presented in this work undermines the theoretical
structure of the Standard Model. Evidently, a physical the-
ory that has an inconsistent structure is unacceptable. Hence,
people who still adhere to the Standard Model must show why
the arguments presented above are incorrect. It is also inter-
esting to note that the results of this work are consistent with
Dirac’s lifelong objection to the second order KG equation of
a spin-0 boson (see [12], pp. 3, 4).
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In the framework of the Geometric Collective Model (GCM), quantum phase transition
between spherical and deformed shapes of doubly even nuclei are investigated. The
validity of the model is examined for the case of lanthanide chain$Mdnd actinide
chains THU. The parameters of the model were obtained by performing a computer
simulated search program in order to obtain minimum root mean square deviations be-
tween the calculated and the experimental excitation energies. Calculated potential en-
ergy surfaces (PES’s) describing all deformatidieets of each nucleus are extracted.
Our systematic studies on lanthanide and actinide chains have revealed a shape transi-
tion from spherical vibrator to axially deformed rotor when moving from the lighter to
the heavier isotopes.

1 Introduction for parameters corresponding to a point close to, but outside,
The nuclear shape transitions were studied within the rihe shape phase transition region of the IBM. Since the IBM
clear interacting boson model (IBM) [1-3]. The IBM-1 dewas formulated from the beginning in terms of creation and
scribes a system of a fixed number N of spin zero and t&onihilation boson operators, its geometric interpretation in
bosons (s and d bosons) subject to one- and two-body interms of shape variables is usually done by introducing a bo-
actions. The IBM-1 reveals a transparent algebraic structsmn condensate with two shape paramegeasndy through
with U(6) as the dynamical group. Varying six free paranthe intrinsic state formalism (coherent state) [21]. The pa-
eters of the model, one can reach three standard dynanaaieterg is related to the axial deformation of the system,
symmetries U(5), SU(3) and O(6) and two additional onagile y measures the deviation from axial symmetry. The
SU(3) and O(6) [2]. It turns out that these dynamical symequilibrium shape of the system is obtained by minimizing
metries provide an appropriate framework for the descriptithe intrinsic state. It is well know that the dynamical sym-
of low-energy collective motions of real nuclei with certaimetry associated with U(5) corresponds to a spherical shape
shape symmetries: The U(5) limit corresponds to spheriga: 0, the dynamical symmetry SU(3) is associated with an
nuclei, the SU(3) and SU(BJimits to axially symmetric nu- axially deformed shapé # 0 andy = 0,7/3 and the dynam-
clei with quadruple deformation (prolate and oblate shapésl symmetry O(6) is related tojyaunstable deformed shape
and the O(6) and O(6)imits to quadruply deformed nucleig # 0 andy-independent.

that are unstable against the axial symmetry breaking. ThisisA very flexible and powerful approach to describe nu-
represented in the so called Casten triangle [2,4] with vertiasar collective excitations which is an extension of the Bohr-
corresponding to the standard dynamical symmetries and Khettelson vibrational Hamiltonian [22] is the GCM essen-
other points to various transitional cases. Phase transititinly based on the quadruple degrees of freedom [23,24]. The
between these shapes were studied, and it is known thatgteblem of nuclear collective motion is formulated by Bohr
phase transition from U(5) to O(6) is second order, while aaypd Mottelson from the beginning in terms of the intrinsic pa-
other transition within the Casten triangle from a spherical tameterss, y and the three Euler angels that characterize

a deformed shape is first order [5-15]. the orientation of a deformed nucleus.

Alternative descriptions of nuclei at the critical point of The GCM is a macroscopic nuclear structure model in the
phase transitions from spherical vibrator to defornyesbft sense that it considers the nucleus as a charged liquid drop
E(5) [16], and from spherical vibrator to deformed axiallwith a definite surface, rather than a many-body system of
symmetric rotor X(5) [17], were proposed. These analytionstituent particles.
solutions are obtained by introducing a square well potential Neodymium isotopes are the members of the chain of nu-
in the Bohr Hamiltonian and yield parameter free predictiontei which represent an ideal case for studying the influence
for both energies and electromagnetic transition probabilitie$.the shape transition from spherical to deformed nuclei.
Empirical examples were suggested for both the proposéterefore, in the chart of nuclei there is a very important lan-
symmetries [18]. It was found [19, 20] that the X(5) predidhanide N@Sm transition region which exhibit a rapid struc-
tions cannot be exactly reproduced by any point in the two pgaral change from spherical to well deformed when moving
rameter space of the IBM, whereas best agreement is obtaifmedh the lighter to the heavier isotopes. Although this tran-
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sitional region has been studied extensively in the framewakpressed in terms of the intrinsic variabfeandy, is
of the IBM, the discussion of phase transitions has not always

been treated in a proper way. V(8.y) = Cz-f°—Csrub \/%ﬁa cos(3) +
In the present paper, we have analyzed systematically the 104 2 .3
transitional region and phase transition in lanthanide and ac- +Ca5 8 - Cs v 175 COS(3) + 4
tinide chains of isotopes in the framework of GCM. For each +Cg 31556 cog(3y) + D¢ ﬁ@ﬁi
isotope chain a fitting procedure is performed to get the model
parameters. We have generated the PES to classify phase = Vs(B) + Vro(B, ) + Vna(B. )-

transitions and to decide if a nucleus is close to criticality.
In these chains, nuclei evolve from spherical to deform
shapes.

ughly speaking th€,, C; and Dg terms describe the-
independent features of the PES. They form the contribution
Vs(B). TheC3; andCs terms are responsible for the prolate-
2  The GCM Hamiltonian and the PES'’s oblate energy dierences in the PES and are represented by

The Hamiltonian of the GCM [23] represents a concrete r\épf’(ﬁ’ 7). The G term is symmetric about th’f = 7/6
alization of the general Bohr Hamiltonian [22] describing tHEIS and therefore can be US?d for the g_eneratlon of non ax-
guadruple oscillations of the nuclear surface. The coIIecti\% shapeVna(, 7.')' 'I_'he ;e!ectlon c.)f the e|gh.t parameters of
Hamiltonian restricted to quadruple deformations can be wiit- GCM Hamiltonian is impractical and ficult, because
ten in the notation of Rajah for tensor products of irreducib‘ilée a\{allab le obsgrvr?\tlon data are usually ndﬁept o .
tensor operators. The's are the well known collective CO_establlsh the quallta_\tlve nature of the GCM potential. It is
ordinates, which are defined by the usual expansion of {ngrefore, often desirable to use a more tractable form of the

nuclear radius in terms of spherical harmonics. Fhs the model. In practice simplification for the GCM is to use a

covariant tensor of the canonically conjugate momenta, ngimum of three parameters to describe all limits of nuclear
start by writing the GCM Hamiltonian as: structure: vibrator, rotor angl-soft nuclei and transition re-

gions in between. Then the potential energy up to the fourth

H=T+V @ power ofg is simplified to be:
~ 1 2 2 3 1 4
The kinetic energyl” up to second order is given by [2]. V(B.y) = Cz%ﬁ ~Cay/gehcos@) +Cagf” (B
.1 P whereg € [0, o] andy € [0, 2r/3].
T olrxd®+ (7 x a]® x 2] @)
2

3 Critical Point Symmetries

whereB; is the common mass parameter dhds an enhar- The equilibrium shape associated with the GCM Hamiltonian
monic kinetic term which for Simplicity, we set to zero herQ;an be obtained by determining the minimum of the energy
A transformation to the intrinsic body fixed system leads &rface with respect to the geometric variatgesndy, i.e.

a formal separation of the rotational and vibrational variabl@gere the first derivative vanish.

expressed by the Euler angles and the shape paramieteds  Since the paramet&; controls the steepness of the po-

y respectively. The potential enerlyyis given by tential, and therefore, the dynamical fluctuationg,iit stron-
0 gly affects the energies of excited intrinsic states. The param-
V = Cyaxa]® +C3[[a x a]® xa] + eterC; = 0 gives ay-flat potential and an increase 6%

introduces ay-dependence in the potential with a minimum
aty = 0. ChangingCs will indeed induce a-unstable to the
+Csla x ]© [[a x a]® x a](o) + 3) symmetric rotor transition; it is best to simultaneously vary
C, andC4 as well.
+Cs [[a x a]@ x a](o) [[w x a]® x a](o) + The shape transition from vibrator to rotors is achieved
by starting from the vibrator limit, lowerin@, from positive
to negative value, increasir@, to large positive value, with
gradually increasin@; (lowering C, from positive to nega-
The six stifness parametef3,, Cs, Cs, Cs, Cg andDg occur- tive value, introducing a large positivg and a positiveCs).
ring in the collective potential energy are constants for each ) _ ) )
nucleus. They are treated as adjustable parameters whichNumerical Results Applied to Lanthanide and Actin-
have to be determined from the best fit to the experimental ide chains
data, level energies, B(E2) transition strengths aiitie first nucleus to be identified as exhibiting transition from
quadruple moments. They depend however on the proton aptlerical to axially deformed shapes wa&sSm [18], fol-
neutron numbers due to shell structure. The potential enefgwed by°°Nd [24]. Further work ort®2Sm [25] and"*°Nd

+Cyla x a]Oa x o] O+

+Dgla x @] Oa x @] Oa x a]©.
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[25, 26] reinforced this conclusion. In our calculation we willegion. Relatively flat PES occur for theN86 nuclei*45Nd
examine and systematically study the lanthanitfe'>*Nd and'#®Sm. A first order shape phase transition with change in
and146-156sm isotopes and actinid@*234Th and?3%-238y number of neutrons when moving from the lighter to heavier
isotopes because of the richness of available experimeigatopesj.e U(5) - SU(3) transitional region are observed.

data indicating a transition of nuclear shapes from spherical

to deformed form. The optimized model parameters fores 143Nd , 146Nd
Table 1: The GCM parameters by (MeV) as derived in fitting proc g ! \/ g !
dure used in the calculation. z . Z .
= P
Nucleus C, Cs Cy 1 1
T4Nd | 12.46084 | 1.06407 | —26.29034 rooos ; o5 1 tomsogo0s
16Nd | 7.98904 | 8.46249 | -5.34827 - 150
148N | ~10.84450| 41.41216 | 105.62500 Nd : Nd
150Nd | -56.19267| 83.37305 | 248.96600 g o o
152Nd | -73.70551| 104.57310| 319.48270 = =
154Nd | —84.13947| 118.02790| 362.71460 =, g,
12 12
1465m | 14.49576 | 1.27688 | —30.52593 105 0 05 1 1 05 0 05 1
148Sm | 8.89235 | 9.87290 | -5.28215 P P
1505m | —23.19850| 47.32818 | 121.87500 *##Nd o (Nd
152Sm | —63.80397| 93.79468 | 281.39990 -0 -0
1545m | —82.44842| 116.19230| 356.21830 z, z,
156Sm | —93.05583| 129.83070| 400.10950 g . &,
224Th | 055766 | 4.96951 |  6.10300 Ces 0 o 1 T as o ae
226Th | -0.11521 | 6.38937 9.70762 ® B
228Th | —0.83906 | 7.98671 13.68875 _ _ )
230TH | —1.63871 | 9.76153 18.10188 Flg.ﬁl;c PEﬁ calcurllatedtthh _Ct-}_CMf asa furr:ctl_onlctnf the Isrlapde ?aramd-
eterg fors ape phase transition from sphnherical to prolate aetorme:
232Th | -2.59264 | 11.71384 | 23.12250 for Neodymium isotope chait* 154N,
2223 _;ggggg fi77611358?’4 ;2;?32; _ The present results fore-156Sm is in good agreement
234 _3'77666 13.84363 28'92012 with N|Isson—Strutlnsky (_BCS)—caIchanns [26]. However,
236 ‘4'90299 16.15090 34.85125 the eX|st_ence of a bump in the PES is related _to the success of
238 _6.23928 18.63565 41'51437 the confinegs-soft (BCS) rotor model, employing an infinite
o : : square well potential displaced from zero, as well as to the

relevance of Davidson potentials [27, 28]. It also is related

nucleus was adjusted by fitting procedure using a computhe significant five-dimensional centrifugdfet [28, 29].
simulated search program in order to describe the gradiiie actinide??®-234Th and?**238 are all well-deformed ro-
change in the structure as neutron number varied and totess with energy ratide(4;)/E(2;) close to (33).

produce the properties of the selected reliable state of positive

Conclusion

parity excitation (2, 47,67, 87,05, 23,47,27,3],and 4) and
the two neutron separation energies of all isotopes in each i8osimple approach of the GCM is discussed which repro-
topic chain. The resulting parameters are listed explicitly duces the basic features of the three limits of the nuclear
Table 1. For the isotopic chains investigated here, the collstructure: spherical vibrator, axially symmetric rotor gnd

tive properties are illustrated by representing the calculatut rotor, as well as the three phase shape transition regions
PES describing all deformatiorffects of the nucleus. We in-linking them. The Hamiltonian is expressed as a series ex-
vestigated the change of nuclear structure within these chgassion in terms of surface deformation coordinates and a
as illustrated in Figures 1-4. The PES'’s versus the deforncanjugate momentum. We considered only the lowest kinetic
tion parameteg for lanthanide and actinide isotopic chains agnergy terms, so that the eigen problem for our Hamiltonian
nuclei evolving from spherical to axially symmetric well dereduces to Schrodinger equation in five dimensional spaces.
formed nuclei. We remark that for all mentioned nuclei, th&ll calculations are performed for reference value of the com-
PES is not flat, exhibiting a deeper minimum in the prolateon mass parameter, only a maximum of three parameters of
(8 > 0) region and a shallower minimum in the oblgge{0) the truncated form of GCM potential instead of the six are
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Fig. 2: PES calculated with GCM as a function of the shape paraRig. 4: PES calculated with GCM as a function of the shape param-
eterg for shape phase transition from spherical to prolate deformeigrg for shape phase transition from spherical to prolate deformed
for Samarium isotope chafi®156sm.
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for Uranium isotope chaiff®238y,

used. The parameter values for the description of a particu-
lar nucleus have been found through automated fitting of the
nuclear energy levels.

The systematics of shape transitions versus neutron num-
ber is studied by the GCM. The capabilities of the model and
the illustrative way of representing the collective properties
by potential energy surfaces are demonstrated. For neutron
number N= 90, the nucleus has a substantial static deforma-
tion, but for N= 80 the nucleus is soft or transitional and
cannot be described as deformed.
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The paper proposes a simplified theoretical approach to infer some essential concepts
on the fundamental interactions between charged particles and their relative strengths
at comparable energies by exploiting the quantum uncertainty only. The worth of the
present approach relies on the way of obtaining the results, rather than on the results
themselves: concepts today acknowledged as fingerprints of the electroweak and strong
interactions appear indeed rooted in the same theoretical frame including also the basic
principles of special and general relativity along with the gravity force.

1 Introduction a correction to the latter. The quantunand p distributions

are appropriately described by the respective marginal dis-

The state of a classical particle is specified by its Coordina{ﬁﬁutions [ W(x p)dp and [** W(x, p)dx under the nor-
and momentum; the dynamical variabley. y. p,. Z p., as- malizationfgonditi’onffo‘jf [ Wzox pd ’pdx= 1, whereas the

sumed known “at any time, :jeflne the 6-dimensional sp S&)ectation value for any operator function is weighed by
usually called “phase space”. Knowing the state of a pary; X p) as [* [**W(x, p)f(x, p)dpdx Other relevant fea-

cle means determining these six quantities that descrlbetllJ s ofW(x, p), well known [3], are omitted here for brevity.

motion and energy. Since the state of a classical SYSteM\S, the Wigner function, however, although providing sig-

identified by the dis_tri.bution of corresponding points in thr‘ﬁficant information about the quantum states, presents con-
phase space, any finite voluMgs = (6x5y52)(5Px0P,P2) ceptual dfficulties: it is not a real probability distribution in

should seemingly contain an infinite number of states. fie classical sense, it is a quasi-probability that can even take

cause of the _uncertalnty pr|nC|pIe,.how_ever, th_e?? SIx quarﬁtggative values; moreover it can represent the average value
ties are not simultaneously known; the impossibility ofdeflre!)-]c an observable but not, in general, also its higher power
ing the corresponding points in the phase space Compelsniﬂ)'ments ' '
stead introducing a lower limit to the volume of phase space '

physically significant. Since such an elementary volume k‘ﬁg To bypass both thesefliculties inevitably inherent the
sizeV, = (dxdyd(dpdp,dp) = 2, any finite volumeVps ve formalism, the present theoretical model implements an

nclosing m rabl mbinations of rdinat nd approach conceptually fiierent: it exploits directly the sta-
enclosing measurable co ations ot coordinates and cly.| formulation of quantum uncertainty, which therefore

jugaie momenta consists of a finite numhx_g,rs/vps of _eI becomes itself a fundamental assumption of the model and
ementary volumes. The quantum uncertainty was |nferre ds in one space dimension

by W. Heisenberg as a consequence of the operator formal-
ism of wave mechanics, on which relies the quantum theory: AXApy = i = AtAe. 1,1)
the wave functiony = y(x,t) replaces the lack of definable '

quantum values ok concurrently associable to the conju-  This set of 2 equation disregards since the beginning the
gate px. However most physicists believe unsatisfactory|gcal dynamical variables of the particles forming the quan-
theory based on the wave functigrwithout direct physical tym system and simply counts its numinesf allowed states.

meaning [1]; indeedyy" only has the statistical meaning ofare therefore required the following positions
probability density and contains the maximum information

obtainable about a physical system. The wave function char- X — AX, t > At, i=13 (1,2)
acterizes a pure state, represented by a single "ket” vector

to which corresponds a well defined eigenvalue, whereas in No hypotheses are made about the uncertainty ranges,
general a particle is found in a mixture of states; so the kghich are by definition unknown, unknowable and arbitrary.
sult of a measurement on a quantum state represents a pltolfuantum mechanics the square complex wave function of
ability distribution of finding the particle in a given volumespace and time variables contains the maximum information
of phase space. The density matrix is the mathematical tabbut a quantum system, which has therefore probabilistic
to describe mixed quantum states by means of a distribut@raracter. The present model intends instead starting from a
function of coordinates and momenta. Owing to the statiminimal information about any quantum system, still based
tical character of the knowledge we caflioad in the quan- on the failure of the physical concept of points definable in
tum world, the Wigner functioW(x, p) [2] aims to repre- the quantum phase space but trusting on the idea that a min-
sent a quantum state in terms of a joint probability distimum information is consistent with the maximum general-
bution involving both coordinates and momenta, in formday: despite the knowledge of one dynamical variable only is
analogy with the classical statistics; the former is therefdreprinciple allowed even in the quantum world, the present
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model disregards “a priori” the local values of both conjugatiee uncertainty ranges and related numbers of states, i.e. on
dynamical variables. This means renouncing even to the ctire phase space, rather than on the specific coordinates of
cept of probability density provided by the wave function ofthe particles concerned by the particular physical problem.
particle, while also disregarding the related concept of wavefact, the local dynamical variables are conceptually dis-
packet to describe its propagation; in the present model itégarded since the beginning in the present model. Put for
only possible to say that if the particle moves during a tiniestanceAx = X — X,: if either boundary coordinate, say,
rangeAt throughout its uncertainty rangex, then its average is defined by the origin of the coordinate syst&nthen it
velocity component is, = Ax/At regardless of any local fea-determines the position @&x in R; the other boundary coor-
ture of its actual delocalization motion. So egs (1,1) requidinatex determines its size. The crucial point is that bagh
by definitionAe = vyApy. In fact the positions (1,2) ignoreandx are arbitrary, unknown and unknowable by fundamen-
both local dynamical variables, not as a sort of approximatital assumption; the reference systBris therefore "a priori”
to simplify some calculation but conceptually and since tlagbitrary, unspecified and unspecifiable as well, whence the
early formulation of any quantum problem; accordingly, thequivalence of all reference systems whenever implementing
delocalization of a quantum patrticle in its uncertainty rangiee positions (1,2) to describe the quantum world. Otherwise
is conceived in its most agnostic form, i.e. waiving any kinstated, egs (1,1) do not specify any particular reference sys-
of information about its position and motion. Thus, regardéeim because analogous considerations hold for all uncertainty
in this way, egs (1,1) exclude the concept itself of probabilitgpnges they introduce. Moreovers itself arbitrary as well; it
density and contextually also the definition of Wigner funernerely symbolizes a sequence of numbers of allowed states,
tion linking the Schrodinger equation to the marginal distmot some specific value in particular. Let therefore egs (1,1)
butions in the phase space; both equations are bypassed adb@tdefined in aniRand rewrite them a&xX'Ap), = ' = Ag’At’
with the concept of wave equation itself. Egs (1,1) merely list any R': it is self-evident that actually these equations are
the eigenvalues of pure states, indeed they are a set of eduaistinguishable becauseandn’ do so as well. Whatever
tions corresponding to the respective valuer;ao they also a specific value oh might be inR, any change tao e.g.
skip the probability with which in a mixed state each eigetecause of the Lorentz transformations of the ranges is phys-
value could be measured. Despite waiving themselves italy irrelevant: it means replacing an arbitrary integer in
concept of probability density through the positions (1,2), etiee former set with another integer of the latter set. In ef-
(1,1) enable however also this kind of probabilistic informdect, two examples of calculation reported below highlight
tion; it is essential indeed to mention that the wave formalisitmat modifying the range sizes from primed to unprimed val-
is obtainable as a corollary of egs (1,1) [4], which means thats does notféect any result, in agreement with their pos-
all considerations previously introduced are in fact comprisedated arbitrariness: no range size is expected to appear in
also in the present theoretical model: one infers first from eipe quantum eigenvalues. Hence the egs (1,1) have general
(1,1) the operator formalism and then proceeds as usualclharacter, regardless of any particular reference system to be
this way the wave formalism, with its conceptual weaknesgpropriately specified; this holds alsd?findR’ are inertial
loses its rank of fundamental root of our knowledge aboamd non-inertial, since no hypothesis has been assumed about
the quantum world, becoming indeed a mere by-producttbém [7]. On the one hand this entails obtaining the indis-
egs (1,1); yet, even so it still represents an added value totihguishability of identical particles as a corollary, regardless
physical information by introducing the concept of probabibf which particle in a set could be that actually delocalized
ity density that partially overcomes the total agnosticism of a given uncertainty range; indeed no particle is specifically
egs (1,1). concerned “a priori”. On the other hand it also entails that
What however about the chance of formulating any phythie properties of motion of the particle, and thus the marginal
ical problem exploiting directly the eqgs (1,1) only? Is legitidistributions of its dynamical variables, are disregarded by as-
mate the belief that the equations enclosing conceptually guenption and skipped by consequence when formulating any
wave formalism as a corollary also enclose the inherent phpkysical problem. To better understand the following of the
ical information. The question that arises at this point copaper, these remarks are now exemplified examining shortly
cerns just the real chance of obtaining physical informatitime non-relativistic quantum angular momentiun on the
once abandoning the typical ideas and mathematical tool®oé side to highlight how to exploit the positions (1,2) and on
wave mechanics: is really redundant the concept of proliae other side to show why the minimal information accessi-
bility density? Several papers have demonstrated ffez-e ble through eqgs (1,1) is in fact just that available through the
tiveness of this alternative approach, e.g. [5,6]; moreovasual operator formalism of wave mechanics.
without the need of hypotheses arand on the uncertainty ~ Consider the classical componevit, = r x p - w of M
ranges defined by eqgs (1,1), the paper [7] has shown the @deng an arbitrary direction defined by the unit veatorbe-
sibility of extending the mere quantum horizon of these equag r the radial distance of any particle from the origin of
tions, initially concerned, also to the special and general rak arbitrary reference system and its momentum. The po-
ativity. The positions (1,2) compel focusing the attention aitions (1,2) compet — Ar andp — Ap and enable the
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numberl of states to be calculated only considering the totiahit caseAx — 0, which means that the random local vari-
rangesAr and Ap of distances and momenta physically akblex, < x < x; tends to a classical local value uniquely and
lowed to the particle, about which no hypothesis is necessayactly defined; (xii) the total arbitrariness of the boundary
let us show that the random local valueandp themselves values of the ranges is necessary to ensure that any local value
have instead no physical interest. Blg = (Ar x Ap) - w = is allowed for the corresponding classical variables; (xiii) the
(Wx Ar) - Ap, i.e. M, = AW - Ap, whereAW = w X Ar. range sizes do not play any role in determining the eigenval-
If and AW are orthogonal, thet,, = 0; else, rewriting ues of angular momentum, their conceptual reality, i.e. the
AW - Ap as(Ap - AW/AW) AW with AW = |AW]|, the com- total uncertainty about both conjugate dynamical variables of
ponenttApw = Ap - AW /AW of Ap alongAW yieldsM,, = a quantum patrticle, is the unique hypothesis of the present
+AWApy. model. The same holds of course for any other uncertainty
range.
These ideas have been extended and checked in the papers
,6] also for more complex quantum systems like hydrogen-
Ike and many electron atorfigns and diatomic molecules;
also these papers allowed concluding that egs (Hitjently
replace the standard approach of wave mechanics, without
JFquiring the concept of proba'bilit.y dgnsity and thus without
the average values M2 >, < Myz > and< M2 > should need of calcula}tlng marglpal distributions in the phasg space
be equal; so the quantity of physical interest to describe 595099*‘ the _\ngne_r functions. In these Papers the interac-
properties of quantum angular momentun,ias a function tion is descrl_bed .v_la the Coulomb potential energy between
of which M? is indeed inferred as well. The components a\gharged particles; in otherwords., one assumes already known
eraged over the possible states summihyf from —L to +L, the Coulor_‘nb law to calcglate _for.mstan.ce the energy IeveI; of
whereL is an arbitrary maximum value o¢f yield < M? >= Z%ﬂzgoggrn!iﬁp?ggsthgilznp(r)é?;tli\s/izssIlrilyzlr?)glvlegnrllitlfg ggg;g’
li=L -
Zi—t (71)?/(2L+1) and thusv® = Zi3=1 < Mi2 >= L(L+1)n?. levels; also this topic, already introduced in [5], is reported
The physical definition of angular momentum is enoudtere for completeness.

to find quantum results completely analogous to that of the Assuming the origirO of an arbitrary reference system
wave mechanics even disregarding any local detail about Bhen the nucleus, the classical energyis p?/2m— Z&/r
angular motion. This result has been reminded here as itlieingm the electron mass. Sing® = p? + M?2/r2, the po-
troduces several significant considerations useful in the fsitions (1,2)p, — Ap; andr — Ar yield e = Ap?/2m +
lowing: (i) egs (1,1) and the positions (1,2) plug the classidsi?/2mAr? — Ze?/Ar. Two numbers of states, i.e. two quan-
physics into the quantum world; (ii) no hypothesis is necesim numbers, are expected because of the radial and angu-
sary about the motion of the particle nor about its wenatter lar uncertainties. Eqgs (1,1) and the previous result yietd
nature to infer the quantum result; (iii) trivial algebraic ma¥s?/2mAr? + (I + 1)i#%/2mAr? — Z€&?/Ar that reads: = &, +
nipulations replace the solution of the pertinent wave equé-+ 1)#2/2mAr? — E,/n? with E, = Z%¢*m/2i? ande, =
tion; (iv) the result inferred through eqs (1,1) only is consiazi/Ar — Z&m/nk)?/2m. Minimize & puttinge, = 0, which
tent with that of the wave mechanics; (v) the local distangeelds Ar = n?#?/Zém ande = [I(I + 1)/n? — 1]E,/n?;
between the particles concerned in the angular motion dged < n — 1 in order to gete < 0, i.e. a bound state.
not play any role in determininig (vi) the number of allowed Putting thusn = n, + | + 1 one finds the electron energy
states plays actually the role of angular quantum number@felse. = —E,/(n, + | + 1)? and the rotational energyo =
the operator formalism of wave mechanics; (vii) the amoulft+ 1)E,/n* of the atom as a whole arou@ Hold also here
of information accessible for the angular momentum is nall considerations introduced for the angular momentum, in
complete like that of the classical physics, but identical particular it appears that the range sizes do not play any role
that of the wave formalism; (viii) egs (1,1) rule out “a priori'in determining the energy levels. The physical meaning of
any chance of hidden variables hypothetically encodableAn, related to the early Bohr radius, appears noting that
the wave function, i.e. local values of any kind that could in

o 2 : E, Zé n2i2 Z2e*m
principle enhance our knowledge abddif andM“ to obtain gy = —— = -—_ Ar=—— E,= ——, (1,3
a more complete description of the angular quantum system; n? 2Ar Ze?m 2n?
(ix) the eigenvalues, i.e. the physical observables, are adte- ¢ is due to charges of opposite sign delocalized within
ally properties of the phase space rather than propertiesaaiametric distanceAt apart. As previously stated, nucleus
specific particles, whence the indistinguishability of identicahd electron share a unique uncertainty radial range: in gen-
particles here inferred as a corollary of egs (1,1); (x) the nueral, the greatem, the closer its delocalization extent around
bers of states are here simply counted; (xi) the positions (1t}2¢ nucleus. Also note thatandl are still properties of the
are consistent with the concept of classical coordinate in fhigase space, but now they describe the whole quantum sys-

Thus, according to eqgs (1,1, = +l#, beingl the usual
notation for the number of states of the angular momentu
As expectedM,, is a multi-valued function because of th(lg
uncertainties initially postulated far andp. One compo-
nent ofM only, e.g. along the-axis, is knowable; repeating
the same approach for theand x components would triv-
ially mean changingv. Just this conclusion suggests th
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tem "nucleust+ electron” rather than the nucleus and the ele@- Physical background of the interactions

trgq separatel){. Since the first eq'(1,3) does not depend & us show that the concept of interaction relies in the frame
plicitly on the kind of particles forming the concerned hydrc5f the present model entirely on eqs (1,1). Consider first an
genlike atomm or the reduced mass are actually hidden infg,| +eq particle of mass and momentum componempt’

Ar; itis possible to linke to the known conditiom = 2rAr, free to move in an ideal infinite range. When confined in a

according which an integer number of steady electron WaYfe_space uncertainty range, however, its energy changes
lengths is defined along a circumference of radius For by an amount\s given by

such electron waves one finds
nZ¢& __aZpc h 3

m o n2° PTT YThe (1.4) i.e. Apy is by definition the range including any change of
Note that introducingr to express the quantum energ{?cal momentum compone occurring when the free par-
levels compels defining the De Broglie momentum. Even /€ turns from a non-confined to a confined state within
this form & is still related to the reduced mass of the sys- SINC& NO Process occurs instantaneously in naturétlet
tem, which can be introduced via the momentpmthus eq be the confinement time range correspondlng.ng: to the
(1,4) holds in general for any system of charges. Moreovg,gnflnement process corresponds thus t?ﬁfarlsmg_ of a force
the factorz/2 apart, appears interesting that the energy levéiRld whose componemtFy = Apy/At = Fx™ — F is re-
of the systemee are linked to the kinetic energg,c of the |ated t0Ae, being clearlyAFy = As/Ax = Apz/2mAX. By
running electron wave circulating along the circumference @gfinition AF, includes any randorfy’ < Fy < F i
radiusAr via the codficiente/n. On the one hand, this resulthe present model the local dynamical variables are replaced
emphasizes the electromagnetic character of the interachyrcorresponding ranges of values, so the classical fékce
between electron and nucleus; on the other hand, the key Ajléhe local coordinate is replaced by a range of possible
of the quantum uncertainty in determining the allowed enerffjfces active withimx. Actually the resuliAp,/At = Ag/Ax
levels of egs (1,3) also evidences the kind of interaction itsélfuld have been inferred directly from egs (1,1) without need
The more general question that arises at this point is thereféfeany remark; yet these considerations highlight that a force
do egs (1,1) provide themselves any hint also about the pfﬂgld in a space time uncertainty range is the only information
ical essence of the fundamental interactions? The stanciifailable on the particle once accepting the egs (1,1) as the
model [8-11] provides a satisfactory description of the fundgique assumption of the model.
mental forces of nature. So the present paper does not aimClearly, once concerning one particle only, energy and
to replicate the electro-weak model or the chromodynamié@fce component cannot be related to any form of interaction;
which indeed would be useless and unexciting; neverthelga&er both have mere quantum origin. Als; and AFy
seems useful to propose a simplified approach aimed to si8d obviously to zero foAx — oo; hence ifp;’ changes
(i) that the fundamental interactions are inferable from etfsps"" concurrently with the arising of a force component
(1,1) only and (i) that exists a unique conceptual root cor@cting on the particle, thepi’ must be constant by defini-
mon to all fundamental interactions. This task is ifieet tion as it represents the momentum of the particle before its
particularly valuable because the present model has alre@@gfinement driven perturbation. This again appears from the
accounted for the gravity force [7] and for the basic princstandpoint of egs (1,1)Ax — oo requiresAp, — 0 for any
ples of special and general relativity. finite number of states regardlessAdf Since an uncertainty
The purpose of the paper is to examine the ability of etgnge infinitely small tends to a unique classical value of its
(1,1) to describe also other kinds of possible interactions sgfresponding quantum random variable and since this holds
their relative strengths at comparable energies; it will be akggardless oft, then the limit value must be a constant: so
shown that further information is obtained about the vectpf = constcorresponds by necessity &g’ = 0.
bosons associated with the respective kinds of interactions. Despite the present model allows reasoning\é® only,
Therefore the worth of the present paper rests mostly on éhéirst corollary is the inertia principle that holds for a lonely
chance of finding concepts today known as fingerprints of tparticle in an infinite space time delocalization range. Other
electroweak and strong interactions in the frame of a unigi#eresting consequences follow for any finkg = x; — x:
logical scheme based on the quantum uncertainty and inclti notation emphasizes that instead of considering the parti-
ing the relativity. The paper [7] has somewhat concernetg initially in an infinite unconfined range, we are now inter-
the electromagnetic interactions, while also showing that @fited to describe its behavior in a confined state, e.g. in the
concepts of quantum wave formalism are indeed obtainggsence of two infinite potential wallsx apart. Clearly this
through the present approach. Here we concern in particuigans introducing the correspondingy = p"" — pS°"":
the weak and strong interactions between nuclear and sa@ain the egs (1,1) compel writings/Ax = ApZ/2mAx®
nuclear particles. The next sections will describe the possileen py has turned into a locgh?™" < px < pi™', which
features of these interactions. entails once mordF, = Apy/At within Ax. These ideas are

ApZ/2m= (nh)%/2mAx2,  Apy = po - p;

Eel = —
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now extended to the interaction forces. Rewrite first the forse that
field componente/Ax = Ap2/2mAx3 of a particle confined

2 3
within Ax as follows Iog(Agn”‘m) _on_ }(é_n) . }(@) o
#i2nn Aé‘nl Ny 2\ng 3\m
AFy = 5 —=, V=A% (2,1)
2mV N7
Agp, = —, 6n=1,2 (2,2)
Even the one-dimensional case defines the delocalization &m = At TS ,

volumeV because, beingx, Ay andAz arbitrary, any value  Thjs equation describes the size change of the energy

allowed toAxAyAzis also allowed tch3._Is crucial the fact rangene,, as long as the number of allowed states increases
that the range of each force component s proportionalto ity respect to the initial value;: S0 Aep,.sn With on = 1
number of allowed states per unit mass, tinm¥, nUM-  gescribes the first increment of energy range size with respect
ber of allowed states per unit delocalization volume. Cops A thensn = 2 the next size increment and so on: in

. . . . . 1 ’
sider now two free particles andb in their own uncertam_ty short, eq (2,2) describes how are modified the random local
rangesAxa and sz; hold szeparately for themzthe re'%t'O”ValueSEn1+5n included inAen, .sn atén progressively increas-
shipsAea = (Nah)*/2MalAXi, and Asp = (Mf1)/2MbAXy,  ing. Insteadhen, plays here the role of a fixed reference range

These particles are non-interacting, as tingiandn, are as-. with respect to which is calculatetkn, ,s,. For reasons that
sumed independent each other like, andAx, themselves; | e clear in the next section 5, it is mostly interesting to

nothing in these equations accounts for the most typical and, mine the particular caseof such that
obvious consequence of any kind of interaction, i.e. some

relationship between their allowed states or between their de- Agn, — Agn, << Agp,, on/ng << 1. (2,3)
localization ranges. Two free particles do not share by defi-

nition any kind of link, any possible coincidence of allowed Let us truncate thus the series expansion (2,2) at the first
states would be accidental and transient only. Consider noxger of approximation under the assumption (2,3) and sim-
their possible interaction; a reasonable chance of linking thelify the notation putting = én; one finds (1,2,...)

allowed states is to assume, for instance, that the particles

share the same uncertainty rangeAXfis unique for both par- n |og(_i) =i, Ai=Agnm  A=Asy.  (2,4)
ticles, then their allowed states must be somehow linked be- A

cause of egs (1,1); in other words, even being il ny, the

Despite the generality of egs (2,2), is particularly signifi-
random values of local momentum componepts and pyy P! 9 s as (2,2), is particularly signifi

cant for the purposes of the present paper the case of a quan-

ﬁlret S?bj(?cu:d 0 ttr;];cor}strangal/ gp.xa |: dnb/ %p"d” ? .At_x/ h. IItum system consisting of an arbitrary number of particles,

° e.b?r 'z.s ;’;mce b rto eq ( I, )tmc u ZS y Ie ni 'Or?. ah each one delocalized in its own uncertainty range: if these
possible distances between eIectron and nucieus, Which gk 5o non-interacting, then let the energy of the system
plicitly means that both particles share the same uncertalgg/

h the int "’ ) dl ch terizi included within the rang&e,, and ben; its total number
range where the interaction occurs;rsandi charactenzing ¢ states; if instead all particles are delocalized in the same
the electron energy levels of the hydrogenlike system re%ﬂ%ce-time range, then their interaction changes the energy
from the change of the early quantum numbers, e'§¢ and '

[free — 0. owned by each particle independently of the Othrange of the system taey, .5, Characterized of course by a

. ; . . w number of statas = ny + on.
before interaction. In this respect two relevant points are: (i % !

the interaction driven changa of the numben of states and As concerns the point (i), we expect according to eq (2,1)
(il the physical meaning of the relatef(n/m)(n/V)]. that fromAes, andAey, of the two free particles follow because

N . . . of the interaction the change®\e, = (A2/2)6(n2/MmaAX2
As concerns the point (i), considaeAt = n in an arbi- gei\ea = (7°/2)0(M/Malg

andsAep = (7?/2)5(n3/mpAXZ). The expressions of the cor-
g?;%;ﬁ{;r (\a/glcjeiystf)e?n?/n:ufégsb;vaelI\C/);\;ﬁg g)ufizzng?i;?dmresponding changes of the initial confinement force compo-
1
. . o .. NentsAFy, = Aga/AXy andAFy, = Agp/AXy from the non-
time rangeAt; whatevem; andn, might be, this is admissi- xa £a/AXa o &b/ 8%

. . . ) interacting to the interacting state read thus
ble becauset is arbitrary. The notation emphasizes that a g g

given value ofsn = ny — ny is obtainable regardless of the SAFya = (12/2)5 [(Na/Me)(Na/Va)]
initial value n; because, is arbitrary; sosn = 1,2,.. any-
way, regardless of the specific valuergf Calculate next the SAFp = (1%/2)8 [(No/Mb)(No/Vb)] -

changesAe of Ae as a function obn during At, which reads
now (Aen, — Agn,)/Aen, = dn/m with obvious meaning of
symbols. Note that in general the series expansion oAlgg(
around logQep,) reads

These equations agree with the previous idea, i.e. the
forces are related to changes of the allowed numbers of states
per unit mass and delocalization volumes of the partieles
andb: in effect the interaction between two particles consists
Aen, — Aep, 1(Asn2 - Aep, )2 of forces acting on both of them and requires that the respec-

log(Aer,) = log(Aen,) + Agn, 5 tive numbers of states aréfected as well. More precisely

Agn,
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6 [(n/m)(n/V)] means that are modified during the interachance of rewriting it asnt/nk)AFy = (%/2)(n/V). Note that
tion not only the states allowed to the particles themselvas|eft hand side appears the raftion having physical dimen-
but also that of the delocalization space surrounding thesions of difusion codicient; write therefor&\Fy = D*ni/2V
Clearly the former are consequences of the latter. In othégth D* = nfi/m. Moreover the fact that the physical dimen-
words, the fact thaf(n/m) requires explicitly also the con-sions ofF/D* aremasg(length x time) suggests the position
currents(n/V) compels thinking: (i) that a particle interacts

with another particle because it generates a field that propa- AFx - hn - d_u‘“ D* = L (2,5)
gates outwards through the space volwhand (ii) that just D* 2V  dw’ m’ '

in doing so this field changes the number of states allowe%té{/ing at the moment mere formal meaningwifepresents

the other particle; i.e. the changes of number of states of eacﬁequency and, an energy density, the physical dimen-
particle are somehow correlated, as previously stated. SiQgshs of both sidlés arenewy x time/z;olume S0 AF, =

no event occurs instantaneously in natd(a/V) requires an D*du,/dw agrees with the idea that the force field is due

appropriate time range to be realized, i.e. the propagatign, gjrusion-like flux of particles. This appears properly

rate is finite in agreement with the existence of an upper "rﬂ'éndlingduw/dw: indeed it is possible to writelu,/dw =

obliged by egs (1,1) [7]; in this way the interaction exchanggs, 4c;dx once more via dimensional requirement, being C
information about physical features and strength of the I§7V or C = &/c2V the concentration of massive or massless

lated force between particles. The most natural way t0 aCiriars. HencaF, = wVD dC/dxi.e. AFy = —wVJy; the
knowledge this way of regarding two interacting particles iy s sign means of course an incoming flux of messenger
to admit that they exchange intermediate virtual particles ﬂb”é{rticles ifJ, > 0, yet both signs possible faiC reveal a
propagate, whenag(n/V), and carry the necessary informagomplex fluctuation driven space distribution of interaction
tion that dfects in turn the real particles themselves, Whenggriers randomly moving forwards and backwards between
6(n/m); indeedn definingn/V is the same as that deﬁmn_glhe real particles. This result is easily understood: in a volume
n/m, i.e. the changs(n/m) of states allowed to the particle is;; \yhere are delocalized interacting particles, boson carriers
_actuallyjust that(n/V) of the space around |t._ Strictly Spea!(\'/vith density C are exchanged at frequengsccording to a

ing, however, one should say more appropriately space-tiffigy ke law that generates the force fie\6,; the flowJ, of

and not simply space: indeedk definingV in €q (2,1) is ac- \ector hosons crosses an ideal plane perpendicular to the flow

tually Ax = Ax(At) because of egs (1,1) themselves. So theying at ratewAx consistently with an energF,Ax/V
finite time range required faf(n/m) to occur is nothing else per unit volume. The diusion codficient of the bosons is

but the finite time range required to propagae/V) and 0 o antized. In [12] has been demonstrated the quantum na-

come back, i.e. to allow exchanging the interaction carrief§re of the difusion process and also the link between particle

Interaction force and propagation of force carriers througBW and concentration gradient driven Fick's law, as a conse-

M are therefore acco.rdilng to eq (2’1), two basic aSpeCtSq‘Blfence of which the statistical nature of the entropy also fol-
the interaction. In principle these carriers could be massi\gs: this latter result is further inferred in the next section 7

or massless, in which case one expests?s [(0/)("/V)], iy an independent way, see egs (7.7). Eq (2,5) is immediately
but they must have anyway boson character in order that {ieis- 1o considering the cubic volumé = Ax® of space
aforesaid forcesfiect the allowed states of the interactioBf eq (2,1) filled with photons. LeAx = A be the longest

partners while minimizing their exchange energy. It has bega, ejength allowed in/ to a steady electromagnetic wave
already demonstrated in [7] that as a consequence of eqs (}#) nodes at the opposite surfaces of the cube, whose side
integer or half-integer spin particles have &elient link to is therefore1/2; thusV = (1/2)3, whereasu, = (fiw/2)/V

the respective numbers of allowed states: an arbitrary numiej, o corresponding zero point energy density of the oscil-
of the former can be found in a given quantum state, i”Stqﬁﬂng electromagnetic field. So, with = c/v one finds

one particle only of the latter kind can be found in a give@,_b — 4n(v/c)®hdw; since by definitiomidw = hdv, and thus
guantum state. Consider a multi-body interaction, where - (20 lduy, :chis result readsiu, = (87T(v/,c)3hdv)n'

arbitrary number of force carriers is to be expected: fermigh caction 7 it will be shown that the number of states

carriers would require a corresponding number of quantufii,ed to the photons trapped within the cube is given by
states with energy progressively increasing, whereas a uni%mv/k-r) — 1)1, whence the well known result
ground state allows any number of boson carriers; as it will '

be shown below, the former case would be incompatible with  dqu,  87hy3 1

a unique amount of energy to be transferred between all in- 4" = ~ 3 n, n= Wk'l’)—l' (2,6)
teracting particles and thus with at a minimum transfer en-

ergy. The corpuscles that mediate the fundamental forces oflt is interesting the fact that the black body law comes
nature are indeed well known in literature as vector bosoimamediately from the same idea that shows the existence of
which also suggests the existence of a pertinent boson enenggsenger bosons mediating the interaction between parti-
field. An interesting consequence of eq (2,1) comes from tties. ClearlyAx® represents the black body volume.
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Recall now that, in agreement with the arbitrariness of (= Eoo—f , _ dAX
. x = Px ox = Poxs vy = .
n, the ranges of eqs (1,1) can be regarded as arbitrary func- dAt
tions of time throught; read for instancéx = x — X, with Having replaced any local distangevith the uncertainty

X = X(At) andx, = Xo(At), being in generak(At) andx,(At) rangeAxincluding it, the local force=y is replaced by a cor-
different time functions. Of course no hypothesis is necegsponding rangéF, including local values of force. The
sary about these functions, which are undefined and undefiatationn, emphasizes that the arbitrary numineof states
able. Hence the size @fx is in general an arbitrary functionrefers here to th& components oAp, v/, F andF,; of course

of time itself, whereas the concept of derivative relies in tlage likewise definabla, andn, too. Moreover note that is
frame of egs (1,1) only as mere ratio of uncertainty rangesnceptually dierent fromy introduced in section 1: despite
This idea generalizes the previous definition of force fielbth have formally physical dimensions of velocity, the latter
AFy = F&" _ . For instanceAp,/At takes the physical only is the actual average velocity of any real particle travel-
meaning of force field componemts/Ax generated within ing through its delocalization rangex during At, the former

Ax by the change rate of afl, compatible withAp, during is the deformation exteiaiAx of Ax during the time increment
At, whatever the physical reasoffiectingp, might be. More- dAt. Souy is self-defined without need of further considera-
over, being the range sizes arbitrary, these ratios can even takes, the physical meaning of is instead strictly related to
the local physical meaning elucidated by the familiar nottat of Fx concurrently inferred. This distinction is inherent
tionsAs — de, At — dtandApy — dpx. In other words, the the character of the present theoretical model that, as previ-
local concept of derivative is here a particular case of that@fsly remarked, concerns the uncertainty ranges of the phase
ratio of arbitrarily sized uncertainty ranges. There is no cospace where any particle could be found rather than the par-
tradiction betweeme/At andde/dt, which have both mereticle itself; however the examples of the angular momentum
conceptual meaning and in fact are both indeterminable: #rd hydrogenlike energy levels have shown that working on
former because of the arbitrariness of the range boundaribs, uncertainty ranges that define a physical property allows
the latter because the local variablgsandt around which to gain information on the related behavior of the particle and
shrink the respective ranges are arbitrary as well. The consis-the given law itself. Eqgs (2,7), reported here for clarity,
tency of this position with the concept of covariancy has bebave been early introduced in [7] and therein exploited to in-
concerned in [7]; in this paper and in [4] has been also shofen as a corollary in the particular case of constagt(i) the

that just the evanescent concept of distance required by elgivalence principle of general relativity, (ii) the coincidence
agnostic positions (1,2) in fact determines the non-locality gravitational and inertial mass and then (iii) the Newton
of the quantum world. Exploit now egs (1,1) to calculatgravity law as a particular case; actually this law results to
in any reference systelR an arbitrary size changip, of be the first order approximation of a more general equation
Apx = Px — Pox @s a function of thatgdAt, of the time un- allowing to calculate some interesting results of general rela-
certainty rangeAt, assuming thah remains constant duringtivity, for instance the perihelion precession of planets.

dAt; hence duringlAt the size ofAx necessarily changes by  Also in the present model, therefore, the deformation of
an amountAx as well. Of course this reasoning can be réhe space time quantum delocalization range entails the aris-
versed: a force field arises within the space-time rafige ing of a force as a corollary of egs (1,1). In this paper we
because of its deformatiatiAx that in turn, because of eqgpropose a further way of handling eq (2,7): in agreement with
(1,1), requires the momentum rangyp, deformation as well the purpose of this paper, i.e. to infer various forms of interac-
[7]. Is evident the link of these ideas with the foundatiori®on between particles from a common principle, it is enough
of relativity. Differentiating egs (1,1) and dividing lmAt, to rewrite egs (2,7) in dierent ways and examine the respec-
one findsdAp,/dAt = —(ny7i/Ax?)(dAx/dAt). Of course, in tive consequences. The fine structure constegnabledi to

R one would obtairdAp,/dAt = —(n/i/Ax’?)(dAX /dAY'); be eliminated from egs (2,7), which read in c.g.s. units for
yet any consideration carried out about the unprimed equatidmplicity

can be identically carried out on the primed equation. In the de Ny

present model there is no local value defineRthat changes Fx—Fox=+-—, e =+—*e (2,8)

into a new value iR, while any uncertainty range undefined Ax ac

in R remains undefined iR’ too; so considering primed and Here AF;, = Fyx — Fqx is the force field between two
unprimed range sizes means actually renaming a unique cimarges and €’ interacting through their linear charge den-
defined range. The same holds of course for the ratios of aitjese/Ax ande' /Ax: i.e. even the electric interaction force
two ranges. If in particulaat = t—t, is defined with constant relies on a physical basis similar to that of the gravity force.
to, Since actually even this latter could be itself a function dhe double sign accounts for both chances ttiaexpands

t without changing anything so far introduced, then one findsshrinks at deformation ratev}, which is a decisive param-

inanyR eter to express the respective states of chargg. # 0 then
dApy ni € =0, i.e. it corresponds to a chargeless particle; of course
L Fx — Fox, (2,7) the related electric force is null, i.e5, = Foy accounts for
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other forces possibly acting on the particle, for instance thesensible conclusion is that we should have 6 quarks and 6
gravity; this case, concerned in [7] to emphasize the link mtiquarks: for instance, to the,(- n,)e/n’" quark charge
tween quantum theory and relativity, is skipped here. Moresrresponds thef — ny)e/n” antiquark charge. Now the first
over holds an obvious boundary conditionmpi.e. a value problem is how to sort the charge signs between particles and
of n, must necessarily exist such tlgat= +e. Ben' this value antiparticles; in principle one could think the former as the
such that by definitiom’v), = ac; beingn; arbitrary integer ones havingagl) = +e/3 andegz) = +2¢/3, the latter as the
and v} arbitrary as well, this position is certainly possibleones with both negative signs. In this way, however, consid-
Then ering all values of charges compatible witfrom 1 ton’, one
= +(ny/N)e. (2,9) should conclude that in nature the mere charge signs discrim-
inate particles and antiparticles. Since this is not the case, itis
Here the double sign agrees with the chances allowed fioore sensible to expect t y=—¢€/3 ande/,, = +2¢/3, for
e depending on the expansion or contractiom\&f It is rea- instance, identify quarks whereas the inverted signs identify
sonable to assume thait = 3; considering also the deformathe corresponding antiquarks: likewise exist as a particular
tion rates+v;, and +v; of Ay and Az defined likewise ta}, case particles with either integer charge whose antiparticles
the number of states is actually countedhas- n, + n, + n, have either opposite charge.
with ground values, = n, = n, = 1, while being 1< n,; < Moreover if two charge statese/3 and+2e/3 are con-
n’ depending on the number of respective force componesitstent with six particles physically distinguishable, then each
Fy«i — Fox actively contributing ton’. Consider first thex- quark requires three chances of a new property, which is in-
component, eq (2,7), only. t, = n" = 3, thene/,) = +ecor- deed well known and usually called color charge: each quark
responds to electron and proton chardgs;Fox 0f eq (2,8) is can exist in three quantum states, i.e. it can take three dif-
the related Coulomb force component. The agse 2 yields ferent color states. Being the quarks characterized by sev-
€ = +(2/3)e, whereas, = 1 yieldsegl) = +(1/3)e; accord- eral quantum numbers, this way of justifying their number
ingly Fx — Fox must have a characteristic physical meanirdpes not mean a specific color uniquely assigned to each one
that will be concerned in section 5. The same result woufl them; rather it means introducing a number of internal
be obtained considering tlyeor zcomponents correspondingreedom degrees of color that make two fractional charges
to eq (2,7). Hence fractional charges are in principle to bensistent with six distinguishable particles. Anyway, since
expected in nature. It is easy guess how many particles watho anti-quarks exist for which hold the same considerations,
fractional charges, the well known quarks, are to be expecttitee anti-colors must exist too.
Consider the four chances corresponding to the double signsEventually, let us calculate how many kinds of bosons are
ofe/ ande’ and the three deformation ratgsv;, andvz, the necessary to describe the interactions between quarks via bo-
prewous d|scu55|on has exemplified the Ilnle’of\nth vy only, son exchanges able to modify their initial color states. Con-
yet an analogous reasoning holds of course also;!’/fmnd sider for instance a charmed meson identically symbolized as
v} Instead three dierent situations are in general compatiblc} or {cc} and assume that each boson mediating the quark
with €, ) ande;, when (i)v, # O only, (i) v, # 0 andv; # 0 interaction is specifically entrusted with changing one couple
only, ém) vl ;t 0 andv; # 0 along withv, # O too. Slnce color-anticolor only: let for instance the exchange of one bo-
Ny, Ny, N are mdependent and arbitrary, one could replace sen turrr intor and vice-versa. The mesofts} and{cc}, for-
second eq (2,8) for instance witnyv}, /ac+n,v; /ac, obtain- mally obtained by quark-antiquark and antiquark-quark ex-
ing thusx(ny+n,)/n’ as done to infer eq (2,9); then one couldhanges, are clearly identical and indistinguishable. Imagine
combinen, andn, in order to obtain again ratios having the¢herefore of turning all colors af, whatever they might be,
same values1/3 and+2/3 previously found, but involving into the corresponding anticolors gfwhose anticolors are at
now bothv} and v, instead ofv} only. Analogous consid- once turned into the respective colors. How many exchanges
erations hold for the case (jii) that involves algo In (i) the of color states into the respective anticolor states are consis-
vectorF—F, is oriented along one of the axes, herexkaxis, tent with the identity oftc andcc? Given two objects; and
in (i) it lies on one coordinate plane, here tkey plane; the c, each one of which can be found in three quantum states, the
components oF — F, arbitrarily oriented correspond in genthree colors, the trivial answer i$;2eight exchanges are not
eral to (iii), whereas a null vector is instead related’te= 0 only enough to turn all color states ofnto the respective an-
i.e. € = 0. Anyway, whatever the linear combinationgf ticolor states, which means by definition obtainmffom c,
v, andv, might be, it is reasonable to think that these ways biit also purposely necessary, as each single exchange gener-
inferring &) andeg2 are physically dierent from that involv- ates a new quantum configuration of states physically distin-
ing vy only; otherwise stated, to the various ways of findingguishable from that previously existing. Since a total of eight
given kind of charge correspondfidrent particles. With the color-anticolor exchanges are required to account for as many
aforesaid 3 chances for each signehf and e(z) we expect different configurations, eight is also the number dfedi
therefore a variety of 12 particles in total. Since this numbent bosons required to make the aforesaid couple of identical
is reasonably expected to include particles and antiparticlegsons ffectively indistinguishable. Theseffirent chances
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of interaction, each one characterized by its own specific @9Ap® = nOr = AtOAO); the superscripts emphasize
ergy, should be someway correlated to and described by tihat the ranges are sized in order to fulfill this delocaliza-
existence of as many such particles representing the posdiile condition during an appropriate time rangt®. Then
exchanges, i.e. just eight vector bosons. Also these partidap® = A=©. To find how scale the sizes of the momentum
are well known and usually called gluons. Is this reasoniagd energy ranges with respectﬁtpﬁf) andA&e© in the case
extensible also to three-quark particles like neutron or pmaf-a massive particle traveling at slower rate< c through
ton? The quark-gluon plasma of these latter is necessanitf®, write AXOAPY = nWn = AtOAD. Since neither
more complex than that of the mesons, so the question arisesor ¢ appear explicitly in this equation, it is also possible
whether the 8 gluons previously introduced are enough to tlewrite N7 = AtOA© = AtWAL®D); this is indeed true if
scribe also such three quark systems. Consider the puoihn At© and As© scale likeAt® = (c/v))At©, as it is reason-
and the antiprotonud. The conversiomu — Uu has been al- able, and\e® = (v,/c)As©. Replacing these positions in the
ready described. As concerds- d, still holds an analogousformer equation yieldax©@ApY = AtO(v,/c)Ae© whence
reasoning: a specific kind of gluon undertakes to change cmq)(x”) = (vx/C)Ae®. Actually the superscripts can be omit-
color into the anticolor, another kind of gluon does the sartesl because they do not identify particular range sizes; both
with another color and so on. However the kind of gluon emp@ and Ac© are indeed arbitrary likey itself. The su-
changes that turns red into antired of the quacknnot difer perscripts are also irrelevant as concerns the functional rela-
from that acting similarly on the quaxk it would mean that tionship between the local values of the respective variables,
each gluon "recognizes” its own quark on which to act, i.ehich readsp, = (vx/c?)e regardless of how the respective
we should admit that éierents(n/m) require diferents(n/V) uncertainty ranges are defined. Note thaande, exactly de-
depending on the respectime But nothing in the previous termined in classical physics and in relativity, are instead here
eq (2,1) allows this conclusion, rather it seems true exaathhdom values within the respective uncertainty ranges. Also
the contrary becauséx definingV has nothing to do with note that an identical reasoning i solidal with the parti-
m therein delocalized: indeed, as above stated, the indistite would yieldp}, = (v}/c?)e’: this is therefore a quantum
guishability of identical particles is just due to the possibilitgxpression relativistically invariant. This kind of reasoning
that any particle could be found in a given range. Soitis mdnas been carried out in [7] to show the connection between
reasonable to think that each kind of gluon excharftgrts a quantum mechanics and relativity. Now instead consider for
specific color, not the color of specific quark only; otherwigbe next discussion the following equations directly inferred
stated, the total number of gluons in a nucleon is greater theom eqs (1,1)
that in a meson without necessarily compelling a new kind
of gluons, i.e. any gluon in the tree-quark system turns one = As, Uy = —,
specific color regardless of whether that color is of a quhrk Ax At
or u. This way of thinking allows that the gluons transmitthe The last position does not merely emphasize a feature in
interaction between fierent quarks modifying theif(n/m), principle expected for any velocity, it takes a special rele-
i.e. their color quantum states, regardlessyf So, when vance in the present context. Being andAx arbitrary, one
counting the number of fierent gluons that allow the threecould writeAp, = Ae°%/c? too, with oS and Ae® still fulfill-
quark particlgantiparticle exchanges the result is the sameiag the givenApy. The total arbitrariness of the range sizes
that previously computed. plays a key role in the following reasoning basedvpfic =
These short remarks are enough for the purposes of thas®: if vx = ¢, then necessarily; < candAe® > As. Ex-
present paper; further considerations on other properties kigine step by step this point writing identically eq (3,1) as
strangeness, isospin and so on, whose conservation rule$aii@vs
necessary for instance to describe the decay of complex par- €  al 0®  As
. g X A O X¥X (o]
ticles consisting of two or three quarks, are well known and =xonc 2 = Ao Ae < Ag”. 3,2)
thus omitted here for brevity. The remainder of the paper aims
to describe the fundamental interactions by implementing the The last position emphasizes that both chare€s= Ae
ideas hitherto exposed. andAe® # Ae are equally possible. e = Ag°, thenuvy = v}
compels concludingy = 1§ = c only; so egs (2,7) and (3,2)
yield €/Ax = yAe, beingy = a/n a proportionality fac-
tor. This means correlating the potential eneggjAx of two
Divide all sides of egs (1,1) bs?Ax and recall that in generalelectric charges tae, introduced through p, and thus hav-
Apx = (vx/C®)Ae. An intuitive hint to this equation, alreadying the meaning of kinetic energy range. On the one hand
concerned in [7] and important also for the present purposas? # Ae requires diferentv andoy, thus both velocities or
is quickly reported here for completeness. Let in an arlait least either of them smaller thanwhence the inequality;
trary reference systemR a photon travel at speedthrough on the other hand, relating the physical meaning of the ve-
an arbitrary delocalization rangex©, so that egs (1,1) readlocities hitherto introduced to that of the boson carriers that

Nhvy AX

vy < C. (3,1)

s

3 The quantum interactions
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mediate the interaction force between particleés:= ¢ re- conceptual constraint of being mutually self-consistent. The
quires massless boson$,< ¢ massive bosons. Therefore théollowing sections 4 and 5 aim to outline the respective ways
arbitrariness ofA\e andA¢° justifies the conclusion that eithetto link the potential and kinetic energies.

chance of range sizes prospect8atient results for egs (3,2) ) ] )

and (3,1), despite their common origin from eqgs (1,1). Twh The interaction according to eqgs (3,1) and (3,2)
questions arise at this point: (i) whether these equations e following discussion concerns the ways to reduce the eqs
scribe two diferent interactions or two fierent appearances3,1) and (3,2), regarded together, to the fafAx = yAe

of a unique interaction, (ii) whether or not it is possible tim both casese = 0 andse > 0. Consider firste = 0, which

infer from both equations a relationship lik8/Ax = yAs requiresi® = v, = ¢ and thus massless boson carriers. So the
despite their formal dierence. The answers rely on the faginique result possible is

thatin eq (3,2) appears explicitly the Coulomb chazgeher-

ent the definition ofy, in eq (3,1) it does not necessari]y hold; g = Yem&, Xem = ¢ (4,1)
nothing compels assuming that even the enefgy/Ax is by X n
necessity referable to a Coulomb energy. Herea/n emphasizes the electromagnetic interaction in anal-

If nfivy/Ax does, then the common origin of these equagy with eq (1,4).
tions from eqgs (1,1) is a good reason to expect that the chancesThe further chancée > 0 requiring the condition§ < ¢
of massive or massless vector bosons are merely tiereint prospects instead the presence of massive boson carriers; thus
ways of manifesting a unique kind of interaction; rewritinge > 0, related to the formation of massive carriers, repre-
the inequality af\e® = A + dg, with § > 0 of course arbi- sents reasonably the energy gap with respect to the former
trary like Ae andA&®, both chances are in principle acceptablease of eq (4,1) involving massless carriers only. While heavy
depending on the amount of energy at which the interactieector bosons are the physical consequence of the concurring
occurs. In other wordée > 0 is an additional energy rangénequalities$ < c andde > 0, the arbitrariness af, prevents
motivated by the arbitrariness Ak, which indeed admits in- the possibility of deciding a priori either chance f&x and
troducing alsoAs° too, and justifying the presence of massompels the conclusion that a unique kind of interaction is
sive vector bosons. By consequence the chance of findingctually compatible with both chances. It will be shown that
unique link like€?/Ax = yAe between potential and kineticthe interaction energy related to the possible sizéftlis-
energies is to be reasonably expected; so, fixing an arbitraryninates either chance. Despite both chances are incorpo-
Ae allows assessing viathe relative strengths of both interrated into a unique conceptual frame, further considerations
actions at comparable values & and respective characterare necessary in this case. Write the first eq (3,2) as follows
istic lengthsAx. The physical consequences of this reasoning &2 2. 0
. ; a“® Ag 3
are exposed in section 4. —==—, oP°=—,
If insteadnfivg/Ax is an energy not referable to that be- A% N° d Nk
tween integer charges, in fact nothing hinders thinking that it Since eqgs (3,2) requir&s®/q® = (c/vy)(n/a)As, the ob-
is directly related to the aforesaid fractional charges; accouibus inequality
ing to eq (2,8)vx = Ax/At is physically diferent fromv) = (n/@)? > vy/c 4,3)
o_IAx/dA_t. Then eq (3,1) describes an interaction prospeﬁéldsAa"/qo > (@/N)Ae.
tively different from that of eq (3,2); so the former equatlo&(i ts such that
must be considered regardless of the latter to check what kmd's A& _
v ; A °/0 = (a/N)Ae. (4.4)
of physical information follows from the considerations of . ) i i i
section 2. Also the consequences inferred from these equa-Replacing this result into the first eq (4,2), one finds
tions are expectedly fierent; in particular the ling between e a3 N
potential and kinetic energies should be reasonaltffgrdint X = xwle,  Xu = (—) . Axy = EAX (4,5)
in either case just mentioned. In other worgs;an be com- g
pared for similare?2/Ax and Ae to characterize the relative ~ The firstequation is formally analogous to eq (4,1) a scale
strengths of the various kinds of interactions. The physidaftord./a° for Ax apart, whilea/n is replaced by the much
consequences of this reasoning are exposed in section 5. Smaller quantity ¢/n)*; hold however fory,, considerations
These are the key ideas to be further highlighted belo#alogous to that previously carried out fa, i.e. it links
The dual way of elaborating a unique principle, the statistiddnetics and potential energies. The explicit form of the in-
formulation of quantum uncertainty, has an intrinsic physequality (4,3) readsnfic)® > €'(ux/c), so that (iic/Ax)* >
cal meaning coherent with the purposes of the present pafr/AX)?(vx/c) and thus €Apy)? > (€/AX)*(cAe/v3As°); as
i.e. to demonstrate that kinds of interaction apparentiedi CAPx = As°v3/C, i.e. CApyx = (duuye/nC)Ae according to eq
ent are in fact consequences of a unique principle. In otfér4), the inequality (4,3) reads
words, egs (3,2) and (3,1) are the starting point to distinguish
two cases, which will be discussed separately under the only{¢As)® > (€2/AX)*Ae, ¢

i<c (42

Hence a valug,, > @ certainly

_ Quuka
nc

- w(g)z. (4,6)
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Hence an energyp > 0 certainly exists such that Note now that
LPA® — (€/AX)?As — 55 = 0. (4.7) Aey + Agp + Aez = 0 (4,11)

Regarding; as a constant through an appropriate choig@d that eq (4,7) is directly related t8/c < 1 because it

of q,, not yet specified and here accordingly defined, let gsmes from the inequalities (4,2) and (4,3). Moreover each
solve the eq (4,7) in order to introduce three real sixe§ energy range by definition introduces its own random value
j = 1,2,3. Note that this does not mean assigning definigg energy: this suggests that are related to eq (4,5) three char-
values to the size ok, which remains indeed arbitrary anycteristic energies, i.e. three corresponding massive particles,
unknown like any uncertainty range because\af solving whose energies are by definition included within the uncer-
eq (4,7) means examining the physical information cons{ginty ranges of egs (4,11).

tent with some particular range sizes that fulfil the inequality consider in general three energy ranges = &, — &/

(4,6). One finds beingj = 1..3, of course with botlz’ ande’ arbitrary and
13 unknown; define then the energigsincluded within them
o = (&3) Z—l/Zi, Agy = 2 ﬁ (4,8) asnj = (s’j + g’j’)/2, i.e. as average values of the respective
9 i AX £8/24/3 AX boundary values. It is immediate to realize that the condi-
tion 3 Agj = 0 is compatible withy, n; # 0; indeedZ(a’j -
1 ¢ &/)/2 = O reads identically (s} +¢7)/2— ¥ & = 0, whence

Aer3 = Aegp = Aegz = — —. ) . . .
23 2 3 [8/24/3 AX in general}y; nj = 3, &} # 0. Repeat this reasoning regarding

The former equation is the condition to make null th® as the average values of the specific energy ranges of eq

imaginary parts of the rootse, andAes that, as emphasized_4’11)' The fact thakoy = 171 + 172 + 173 # 0 agrees with the

by the last equation, result by consequence coincident. As'fgga of mteracnqn energy; indeed no f:onstraln could be de-
pected, all quantities expressed here as a functiaxaie in inable for three independent free particles. On the one hand

fact arbitrary like this latter. The constantan be eliminated the dcr;]anﬁeroffcrlip.lacr:r;g-aﬁy quant:n: rla:/nglenwnrg) its aver?rg]]e,
from the equations; so as done here foke; andp;, has a general valence because the

range sizes are arbitrary, undefined and undefinable like the
Aey 2 9 \3 Aey 3 average value inferred from their boundaries. Since any value
= (—) — == (4,9) allowed to the former is also allowed to the latter, consider-
23 f (/A% ing n; instead ofAe; does not exclude the point of view of
& o egs (1,1): replacing an arbitrary value with another arbitrary
— =¢&0, /3—. value corresponds to replanevith n’, which is however im-
AX Ay material because both symbolize sets of integer values and not
Itis interesting to rewrite eq (4,7) a&8’A\s?—(€2/AX)?)Ae  specific values. On the other hand the ranges (4,11), regarded

Eo_é’_\/é

= gg, which yields all together, fulfill globally the energy conservation regard-
less of whethene; # 0 or Ag; = 0; as just shown, however,
3(eZ/AX)Z As \2 3 the same does not necessarily hold/gt. To make also this
At = nng 3 (eZ/Ax) < latter compliant with the eq (4,11), let us assume therefore
0

that ot has a finite lifetime of the order df/nr. Let At,
In this way A&® splits into a multiplicative factoAe, re- be this lifetime. In agreement with eq (4,10), durig, the

lated toAt through egs (1,1), times a factor merging togeth&fM 2 A¢j is still globally null likewise as before and after
As? and €2/AX)2. Let us specify in particulax asAx, of their actual transient appearance; in this way the massive par-

eq (4,5); owing to the last eq (4,9), one finds then ticles concerned by the respective energy ranges are jointly
involved as concurrent physical properties inherent eq (4,5)

3nke3 [ nd)? . 2 & and thus the present kind of interaction. The physics of the

At, = Aop, (@) - W = G M (4,10) weak interactions is well known. Here, as a significant check

of these ideas, we propose a simple energy balance to infer

DespiteAx is unknown and arbitrary by definition, wherthe energieg; and thusni: exploiting just the requirement
it is specified as the rangex,, purposely pertinent to eq (4,5)that then; must be regarded all together.
the former equation takes the fort « (n/a)® plus a term A possible interpretation of the equal sizes and negative
7 = 3nii/Aey,. If Aey, andn are large enough so that<< Signs ofAe; andAes, despite in the present model the ranges
(n/@)%, thenAt, and the factoy,, linking €/Ax, andAs of are always introduced positive by definition, is that their sum

eq (4,5) fulfill the well known condition with Ag; equal to zero requires interacting particles; as ex-
plained in section 2, no relationship would be possible by
Aty o< X;z. definition for free particles. Let two of them, say andzs,
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interact in order to release the energy necessary to form alsg and its initial momentunp, in an ideal unconfined state;
n1. The fact thaty, = n3 because ofAe; = Aeg means that hence the corresponding energy gap after confinement within
their interaction occurs regarding identically either of them ixx,, resulting from thex, y andz components iss&pjz/ij =

the field of the other one; together, therefore, these parth‘iﬂﬁth/ZmJAxl%) Assume now that the confinement energy
provide the energy necessary to allow the kind of interactigrpZ/zmj is just the energy); = ijZ itself that determines
here concerned. The simplest hypothesis is that the partigi@sspace-time scale of this kind of interaction, i.e.

n, andnz have charges of opposite signs whergas neu-

tral, thus fulfilling the global charge conservation before, dur- _ §02Ap12_

ing and after their lifetime; if so, the energy gain of Coulomb =3 nj (4.13)

energy at an appropriate interaction distance justifies also the 12 ]

neutral particley;. In this way the model allows the existencf€NA%, = (3/2)7“nfic/n;, i.e. fornz andns

of three range sizes whose finite lifetimes agree with the finite Ax, = (3/2)Y2n2A(hc/€?). (4,14)

values of the respective heavy bosags This conclusion is

summarized as follows Forn = 1 thereforeAx, coincides withl,,, = 1,, a trivial

numerical factory/3/2 apart; an identical conclusion holds

Thot = 111+ (72 + 173), 2 = 13- of course fom; too, the numerical factor(— 2) v3/2 apart.

This confirms the assumed link between delocalization ex-

Th ti hasi that actugll
e second equation emphasizes that actualigndns Eerp[t and energy of the force carriers, which allows identifying

form a Coulomb system of charges, whose energy transi . .
y 9 9y = —gg in agreement with eq (1,3).

uniquely defined likewisese; Of eq (1,4) characterizes theltot A . .
present kind of interaction. This idea suggests to estimate Put fwstq = linegs (4.’12)' The V"?"“e dfcorrespozrgdlng
just computing the energy levels of the system of chafgesto the energies of the partlclggandng IS4 = 1.79% 1018 m:
andz; by analogy with that of a hydrogenlike atom. Exploif> thatl, =4,, = 245x 10" *'m and,, = 2.15x 10" m;
for simplicity the previous non-relativistic equations (1,3) ang® chlz;racter_lstlc rangex, O_f Interaction |s_thus of the OTder
1018 m. Since the classical proton radiys= €?/myC? is

(1,4); owing to the generality of these equations, there is )
reason to exclude that analogous considerations hold at | Qut 0'8768 fm according to recent measurgments .[13]’ Fhe
above energies concern a sub-nuclear scale interaction; vice-

approximately also here putting of course the chatge 1 .
and describing the system of charged bosprandys as due versa, one could estimate the correct scale of energy of the
wyector bosons requiring an interaction that occurs at the sub-

to —e¢ = m€2/NA. It is necessary to take into account ho | tent at which lcul —2®=39x107
ever that now also the neutral partieje contributes tapt, nucsea:( exten ha whic qge Z%Eufle\‘/sv‘h at h_ I X b. ¢
in agreement with the idea of regarding the particles all to- 0 far we have consideret= L. at however abou

. ; 2 Fi i -
gether. Guess first according to eqs (4,8) that the mass of > 1? First of all, Ax,, becomes times larger than the afore

should have the same order of magnitudecfndrs, so that said Compton Iength's of}; this deviation means a longer
Mot ~ 3n2; the chance of identifying; With —ze is consis- range allowed to the interaction. Moreover, according to eqs

tent with this idea simply putting (4,12) Tot = 0 fpr N — co; a'F this Iimit the aforesaid space
scale of interaction is inconsistent with the corresponding en-
Mot = M2, 2 =13 =€/nl, m = (7—2)/ni. (4,12) ergies of massive boson carriers, which therefore should ex-
pectedly require an appropriate threshold energy to be acti-
In other words, eq (1,4) suggests that the expected Ggted. Fomn — o is thus allowed the less energy expen-
efficient ~ 3 must be actually regarded as Despite the sjye and longer range interaction with = 0 only, in agree-
non-relativistic reasoning, these conclusions are correct Rsnt with the initial idea thage # O is related to the boson
cause confirmed by the experience. The experimental masgg8ses. This conclusion is intuitively clear, but what about
of the W* andZ° vector bosons arew- = 80.39 GeV and the energy threshold? According to the eqs (4,12) the ener-
Mz = 9119 GeV respectively, for a total mass Wl = giesy,, 1, andns downscale with, whereas according to
25197 GeV; in dfect eq (4,14)Ax, upscales witm?; so the lower threshold for
the existence of massive bosons, i.e. for the validity of these
equations themselves, concemef n{l) = —£o(Z = 1.n) =
are compatible with the values expectedf@ndzr — 2. Triv- (m/n)€?/A: it is required that the interaction distance of the
ial considerations show that the reduced Compton lenigtHaydrogenlike system of charges enable the energy to create
of the vector bosons consistent wifyna arel;1 =n1/((r— vector bosons. The inequalitﬁgz > €2/4, which holds for
2)a) andl,, =4,, = nd/e, having introduced explicitly the n < 3, ensures that, whatever the masél@sandng‘) might
massesn; = n;/c?. These results are confirmed considbe, the energy gain due to their Coulomb interaction accounts
ering the zero point energ&(pJ?/ij of the vector bosons not only for the energyg?/A of the system of charged parti-
nj, whereAp; = p> — p:1 is the gap between its momencles themselves but also for the surplus required by the neu-
tum p, after confinement within a given delocalization rangeal particle '7(1n)- Clearly the threshold corresponds to the

Myt = 3.134 My My = 1.134mpy:
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valuengz = (n/3)€?/4, i.e. about 81 GeV; the correspondan attractive forceF, is compatible with a potential energy

ing Compton lengths of the bosons &g =12 = 31/a and Ui of thei-th quark having the form

I = 31/((x - 2)a). In fact even fom = 3 these lengths a

are of the order of 187 m, i.e. still consistent with a sub- Ui=- bAX + Uo (5.2)
nuclear range. At energy below this threshold, ire> 4,

eq (4,1) only describes the interaction. Of course the mbstingUg, a andb appropriate integration constants; the lat-
favorable condition for this interaction to occur is that witker is clearly related td-,x. ConsideringAU; = U; — Ug

n = 1, which ensures the maximum binding energy given lone recognizes a well know formula, the so called “asymp-
eq (4,12) and corresponds to the shortest interaction distatatie freedom”, describing the interaction between quarks; of
and maximum values of the three boson masses in fact eaurse in the present model where any local distanan-
perimentally detected. The model admits however even themly included by its quantum uncertainty range is replaced
possible existence of lighter bosons. In conclusion, the dify a range of distancesx, the local value of potential energy
ferent energy scales characterize the features of eqgs (4,1)joturns into a rang@&U; of allowed values. Let us examine
(4,5) because of ffierent values ofi; both equations describethe eq (5,2) in two particular cases wherea(iAx ~ bAx and

however the same kind of interaction. (ii) a/Ax ~ Uo; the arbitrary size oAx justifies in principle

both chances. The former case holds whef? ~ va/b and

5 The interaction according to eq (3,1) yieldsU® ~ Uy; according to the chance (iyx® ~ a/Uy
The starting point of this section is the eq (3,1) that reads yields insteadJ” ~ bAx® = ba/U,. This means that a
vy delocalization extent of the system quarkgluons around

Ax = xsA¢g, xs=1 (5,1) Ax® the potential energy is approximately of the ordetgf

around a rangax® the potential energy increases linearly
with Ax. Definea andb in agreement with egs (2,8) and (2,9)
in order that eq (5,2) takes a reasonable form. &pitopor-
%onal to the electric charge = (x(ni/n)e)?, i.e. a = ac?
via the proportionality constaat; also, let analogously be
roportional to the color quantum numb@y, i.e. b = b,C?
ith j = 1--3. The subscripts symbolize theh quark in

The lack of cofficient at right hand side of eq (3,1) is ten
tatively interpreted here as the presence offocentys = 1
Beinguy andn arbitrary, it is certainly possible to introduce
proportionality constarg defined asviv, = ¢€; so eq (3,1)
reads £€2/AX)/Ae = 1. Usually a proportionality constan
linking two quantities that fulfill a given condition or a give

physical law is of the order of the unity, unless some speci I j-th color quantum state; in this way = 0 for a color-
reason compels an appropriate hypothesis about it§ actua|QI= ~q . ilomb particle with; = v, in which case the eq (5,2)
der of magnitude. Since here evar andAe are arbitrary, turns, according to eq (2,9), into the classical potential en-

however, itis dificult to guess a valid reason to compekery ergy —€2/AX + Up of two Coulomb charges attracting each

different from the unity. So, in terms of order of magnitud@yo . This reasoning suggests that the color quantum number
the positiont ~ 1 seems reasonable although not thoroug Mould have the form®; = f(n' — m)? + fia(r — m)* + -

demonstrated, whence the tentative conclusion quoted i ref, andfj, are appropriate cdgcients of series expan-

(5,1). On the other hand, once having reduced this equatigg, f,ifilling the actual value of; whatever it might be; it is

_ I
to t:e forin ez/AdX)/Af —3,gs,f_onedcban ﬁomparg_s =&~ 1 interesting the fact that the electric charge depends; tm,
with yem ~ @ andy,, ~ o” defined by the equations (4,1) angy o ooy charge on’ — n;. As concerns\x’ = Ax/ao, note

(4,5) formally similarz of course under the assumption that t t multiplying the size ofAx by any factor yields a new
ranges at left hand sides defining these values are compar %e still arbitrary and thus still compliant with egs (1,1):

as well. Even without a specific reason to exclude the plgi} ie same reasons introduced in the previous section, i.e.
BEtause any size possible 6k is allowed toAX as well,

however necessary: the lack &fat left hand side, replace_dthe notationAx’ means in fact nothing else but renamitg

by nfwy, allows handling eq (5,1) in order to introduce the i, summary, the Coulomb potential appears to be a particu-

teraction between the fractional charges concerned in secii9Nase of eq (5,2), whose local features are described by the
2; but this chance, suggested by eqs (2,8) and (2,9) that agy; o

4S (.0 o resaid chances; the expressions)ffandu® are
way do no exclude themselvés: 1, is justified only revising

the terme?/Ax. a .
Consider again the eq (2,Bx = —a /AX? + Foy With AXD = \/g u® = U,
a’ = nhw} in the simplest case where bahandpyx = Fox are C\2 -
constants. Actually these constants could likely be first order a= |a8a(g) , b= I—CJ-Z,
approximations only of series developments whose higher or- A = & b (5.3)
der terms are neglected; yet, even this approximate meaning T Uy
of the eq (2,7) is enough for the present discussion. Assum- @ _ ab  gagplafCC; 2 — pAx
ing Fox < 0 likewise as the first addend in order to describe i T U_o - U_oE(T) = DAXT.
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The constant energieg andey, together with the constantthis question holds even for one quark only witMnA pos-
lengthsl, andly, describe the physical dimensionsandb itive answer would explain whjFy increases when pulling
without need of proportionality factors. Note tHgt— oo, apart the interacting quarks, e.g. of a nucleon or meson, or
compelsAx®? — oo andb — 0; as the color is introduced byeven a lonely quark and its gluon system; in the latter case
b, this agrees with a constant Coulomb potenttléﬂ = Uy a greater delocalization range describes indeed the chance of
of a colorless particle. By definition therefokg, = € for mowing away the gluons from their own quark, which how-
ni/n’ = 1, whereas it is expected to take #éient value for ever increases the energy of the system. To emphasize how
n/n < 1: the new value ofas,/€% whené? is replaced by the positionFo, # 0 answers the question, suppose that the
(ni/n’)€? is known in the literature ass ~ 1. In summary, quark-gluon and gluon-gluon interactions does not allow dis-

egs (5,3) yield tinguishing the interaction between a quark and "its own”
gluons from that of these latter with another identical quark;

0 (i) ,(Ci\? , asgbezcjz this would mean distinguishing identical particles, which is

Ui" =Uo, U7 = Uo(g) » Up= bUo (54) however forbidden by egs (1,1) [7]. If the gluons are not

mere interaction messengers but rather self-interacting mes-
Appears here once more the importance of the delocséngers, then eq (5,2) describes the asymptotic freedom sim-
ization rangeAx: in eq (4,14)Ax, controlled either appear-ply as a feature of one quark and its own system of gluons, i.e.
ance of the electroweak interaction, in egs (5,3) twftedént even without necessarily requiring a further quark; otherwise
range sizea\x ~ AX) or Ax ~ AX) emphasize either fea-stated, a net splitting of gluons from a quark interferes even
ture ofU;: in (i) it depends upon the fractional charge, in (ijvith their propensity to follow another quark. The concept of
it does not becausea/Ax is balanced byAx despite both asymptotic freedom is linked to the energy constrain that ex-
terms describe attractive force. plains why do not exist bare quarks without gluons and bare
Let us concern now eq (5,2) in a more general way. Th&ions without quarks. Calculate the chang&Jpfs a func-
features ofJ; as a function oi\x are related té[(n/m)(n/V)] tion of Ax asAU; = (dU;/0AX)Ax at the first order; the force
because\x definesV, eq (2,1), and also because the eq (5,8¢ld AF, = —0U;/dAx acting on quark and its gluon system
comes directly from\F of eq (2,7). What is distinctive heredelocalized inAx can be calculated in particular at the delo-
with respect to the gravitational or Coulomb interaction is thualization extentax(®) or Ax() . Replacing here the previous
mere fact of having puEoy # 0; so the consequent form ofresults, one findAFY = —2b andAF{") = —b(1 + Uy/U™).
U; with b # 0 describes a peculiar kind of attractive force that It will be shown in the next section thaly ~ 2U, =
increases withAx. Another remarkable point is thaF, is 1 MeV; so, beingU; a monotonic function ofAx, results
not necessarily that betweenfidrent quarks only, because\x® < Ax becaus&)™ < U according to eq (5,4). x®
eq (2,7) concerns a merdtect of confinement that holdsis of the order of the proton radius, i.e.£Bm, then accord-
even for an isolated quark; rather it seems more appropriiig to eq (5,3 results of the order of 1 GeNm, as itis well
to think that the interaction betweenfiiirent quarks strictly known. Then, inside a proton the force field at (i) is about
replicates an intrinsic feature of the potential energy duettwice than that at (ii); of courseAx further increases for
the confinementfect even of a single particle, which alsax > Ax?, i.e. outside the actual radius of the proton. This
involves its messenger bosons. In fact, in the present moahelans that extending delocalization range of the qgarén
AXx is by definition the delocalization range of one particlsystem fromAx® to Ax() and then to anpAx > Ax®, i.e.
the arising of any form of interaction is due to the presenafowing quark and gluons to have more space to move apart
of a further particle that possibly shares the same delocalizach other, corresponds to a greater energy; this is not sur-
tion range. In general the number of states within a systenypoising once having found thaji(") is already in the region
interacting particles is related to their energy, to their mass#dinear increase of); as a function ofAx. The dependence
and to the whole space volume in which they are delocalizedU; on Ax s trivially self-evident; the reasoning abok(®
eq (2,2) shows indeed thatrif is the number of states of theand Ax® allows to quantify this evidence with specific refer-
system with its particles supposed non-interacting, tireis ence to the sub-nuclear length scale.
the change consequent to their interaction, whitg, ,sn is The behavior ofU; and the concept of asymptotic free-
the concurrent energy change from the initkal,,. Accord- dom equation are straightforward consequences of eq (2,7)
ing to the considerations of section 2, in the present dasand thus of eqs (1,1); this feature of the strong interaction is
is the time space delocalization volume of one quark andiitsleed characterized by the concept of uncertainty, which in
interaction messengers, the gluons. If a further quark coplarticular prevents specifying the actual siz\af From the
share thisV, then the quarks interact. If the delocalizatiopresent standpoint only, therefore, no kind of correlation ap-
volumeV is filled with gluons of both quarks mediating theipears in principle between quark generations and chances (i)
interaction, then the changén/V) stimulates a question: areand (ii) inherent the eq (5,2). Yet, it seems intuitive that either
the particles that mediate the interaction interacting theohance forAx and thus either behavior of potential energy
selves? Clearly, from the standpoint of egs (2,7) and (5s3jould be selectively related to the energies characteristic of
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the three generations of quarks. This supposition will be canterest to take nown comparable withe of eq (4,1) and
firmed in the next section, at the moment one must only adi#t5) in order to infer fromB(An) the functiong(An) = ysto
that both chances are allowed to occur. be compared with the respectiye, andy,. The next task
Now let us revert to the opening question of this sectiois,to calculate the first eq (5,6) in order to confirm tlpats
i.e. how to regard the energy temhw,/Ax andys of eq (5,1). of the order of the unity. To this purpose let us expgnd
The conceptual analogy gf with yemandy,, of egs (4,1) and series of powers afy, i.e. 8 = Bo + 8169+ B20g> + - the coef-
(4,5) was in principle legitimated by the arbitrarinesspin ficientg, must be equal to zero because of egs (5,6), whereas
defining €/AX)/Ae = xs With ys expectedly of the order of 8, = 0 as well to fulfill the reasonable conditié/d(dg) = 0
the unity. Exploit now eq (2,2), for simplicity regarded agaiaf minimumg for §g = 0. HenceB = B,64%, neglecting the
at the first order only higher order terms, require® = (8.6 log(An))~t; this ap-
pears replacing /A6 log(An)) in eq (5,6), which indeed turns

ng = _on —, 6log(An’) = 10g(Aen,+sn) — l0g(Aey,), into B(An) = B2(8g)?. According to the fourth eq (5,5)g =
dlog(an) B2/(log(Ae/Asy)) is reducible to the well known form
introducing two further energy uncertainty rangks, and £ 27

As whose sizes are by definition intermediate between that ofg = Zloga?A) £ =pP2, Aeo~02GeV. (5,7)
Agp, and that ofAen, i sn, i.6. Agp, < Agg < Ae < Agpion. °

Hence eq (2,2) rewritten as a function of these new rangesThe order of magnitude ofe, is easily justified recall-

takes the form ing the eq (2,5) of section 2 and the conclusions thereafter
zon inferred: Ag, implies that toAt ~ 71/ Ag, corresponds the path
ym = oo’ ¥ y(An), ¢ =¢(An), 5.5) 5% ~ lic/Ag, of gluons moving at the light speed to carry the

interaction between quarks. The given value\ef is there-
fore consistent with the order of magnitude ~ 10*°m
B'reviously guoted for the strong interaction. The result (5,7)
likewise as the earlye,, did. The correction cd&cientsy and the value .Oﬁ_EO are well kr?OW” ‘.’“tcomes Of_ quantum
andZ account for the fact that; andsn = n, — n, were early chromodynamics; further cpn&derahon_s, in partlcular gbout
the constants andZ, are omitted for brevity. This paper aims

defined forAg, = Aen, andAe = Aep,.sn, being therefore . .
y = 1 andZ = 1; having changed the ranges at right haﬁadeed to show the consistency of the present model based

sides, clearlyy andz must be replaced here by, andzsn _uniquely on eqs (1,1) with the standard features of the strong

with y # 1 and # 1, whence their definitions of functions ofnteractions, not to repeat known concepts.

Ae once having fixed\e,. So the previous eq (2,2) become%

a particular case of the present result (5,5), which reads now
This section consists of two parts, the first of which concerns

dlog(An) = log(Ae) — log(As,).

Now Ag, plays the role of fixed reference energy rang

The quark and lepton masses

o9 the ability of eq (2,4) to describe the ideal f iso-
An) = ’ An) = yn, y g (2,4) to describe the ideal masses of iso
Aln) =5 log(An) Alln) ' lated quarks. Correlating these masses to the energy ranges
Sg = My — £y = 6(2N). (5.6) A = Aen45n 1S in principle sensible first of all regarding the

various quarks as a unique class of particles: there would be
The third equation is interesting as it defines the nawe reason to expect thatfférent kinds of particles of dissim-
rangedy. Let the function be someway proportional v, ilar nature are all described by a unique law simply chang-
i.e. let{ decrease with\n; also, consider the particular caséng a unique distinctive index, here represented by sn.
whereAn is so small that the notatiafy can replaced by the Moreover must hold for the energies of the various quarks
familiar differential symbobyg whatever the actuan might a common sort of functional dependence uponlike that
be. Being the range sizes arbitrary, this position alfigut of Aen,1sn. Eventually, this dependence must still hold even
is not a hypothesis; it focuses the attention on a particuteplacing these ranges with the respective average energies
chance ofAr that must be taken into account simply becauses,,.sn > calculated as described in section 4. This last re-
it is allowed and thus to be actually expected. Since a smaliglirement suggests correlating the quark masses with these
and smaller uncertainty range identifies better and better adgerages in agreement with the eq (2,4), tanks to the fact that
cal value of the random variable included by its boundaridmth < &, .sn > andAen, sy are consistent with their owdn.
¢log(An) tends todlog(n); hence the former equation (5,6)Jndeed an incremental index representing the quark ener-
tends to the known beta functi@{y) = dg/dlog(y) defin- gies is defined replacing in eq (2,2) ldgf,) and logQen,)
ing the coupling constant at the energy scale defined hy with log(< &, >) and logk &n, >); a procedure completely
This particular limit case helps thus to understand the phgsalogous yields an equation of the average quantities fully
ical meaning of the ratio in the first eq (5,6), merely writtecorresponding to eq (2,4). The second point has been ex-
as a function of ranges instead of local values. It is clear thiained: the self-interaction of quarks justifies in princighe
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simply admitting that the various quarks are characterizeddpyarks. These averages have neither specific physical mean-
different self-interaction strengths and thus by distinctivelyg nor come from some particular assumption, they merely
different values obn. So the critical step is the first onerepresent preliminary starting points defined within realistic
i.e. whether or no\F, of eq (2,5) really governs the self-intervals; thus their worth is that of reasonable inputs to carry
interactions of all quarks in order that all of them are relatedit calculations. The validity of the results inferred in this
to a unique law (2,4) obn. This means in practice: (i) re-way relies mostly on their self-consistency; the only initial in-
garding one quark delocalized in its own uncertainty rangermation is that any sensible output calculated starting from
(i) thinking that various quarks are characterized jedent the values (6,2) should expectedly fall within the intervals
é(n/m) because of their own kind of self-interaction; (iii) as(6,1). Regard therefore the available data as mere reference
suming that in fact the eq (2,4) accounts for th@adent num- values to clarify with the help of eq (2,4) what d@ vs i

bers of states that characterize uniquely the various quarksnifiht actually mean in the present context. According to the
the functional dependence described by the eq (2,4) is corasoning carried out in the previous section let us try prelim-
sistent with the three points just mentioned, tigmlescribes inarily to correlateQ; with A; puttingA;/A = ((Qi/U;)/q)*®,

the ideal masses of the quarks as a functiom; aflso, the whereq s a proportionality constant arida codficient to be
point (ii) shows that the energies of this class of particles atetermined by successive calculations; thisiecent fulfills

really related to their number of allowed states through ttiee chance that ik Ag,, >~< Agp, >, i.€. < &, >~< &p, >,

self-interaction between quark and gluons. then the corresponding rati®{/U;g)*/° with increasingb
The estimated mass€} of the quarks quoted in literatureanyway matches the limit behavior &f/ A whateveg andU;
[14] are reported here: might be. Initially U; is justified as mere dimensional factor
to be determined; the next results will show that actually it re-
Qu=17 e 33 MeV sults to be just the potential energy of eq (5,2). Let us sort now
Qi =41 5.8 MeV the variousQ, by increasing value to check if really the esti-
Qs = 80 & 130 MeV 6.1) mated quark masses fulfill the logarithmic dependence of eq
Qc =118 1.34 GeV " (2,4) upon the incremental number of statasghich therefore
Qp =413 & 4.85 GeV takes from now on values from 1 to 6. In this way each mass is
Qi =1707 & 1733 GeV progressively related to its own increasing his expectation

quark actually merges two "%g, indeed reasonable because én definesA; =< en4on >

The mass interval of the "b” . .
tervals, that reported for tHdS "mass-independent subtracVith respect to a ground reference state number, to which cor-
sponds the reference energy range< ¢, >. Being by

tion scheme” and that of the 1S mass” scheme [14]; the {? L
spective mass intervals arel8%18 GeV and 467018 GeV efinition Aj = A for 6n = 0, one also expects that holds for

[15] 006 ~006 the eq (2,4) the boundary condition

It is known that these literature data represent estimates
instead of experimental values, as actually isolate quarks do Qo/Uo =1 i=0 (6,3)
not exist; because of their confinement, the masses are indi-
rectly inferred from scattering experiments. In fact the masselsateverb might be; this fact justifies the proposed notation.
depend on their dierent combinations in various hadronghen handling sets of data, regression calculations are in
and mesons. So the values quoted above must be regagieeeral needed; the outcomes of these calculations are usu-
with carefulness when compared with the results of theoretlly expressed as power series development of an appropriate
cal calculations. Nevertheless the intervals of values (6,1) plrameter. Implementing the linear eq (2,4) with the values
not overlap, which suggests that their order of magnitude(&2) as a function af, means therefore calculating the best fit
somehow related to and thus at least indicative of the ideaHticientsa andb of the form logQ;/U;) = a+ib; clearlyn;
masses of isolated quarks; by consequence it seems alsolsanbeen included in the regressionfticeents. This is easily
sible to expect that the sought values of quark masses shaldde regarding\; andA of eq (2,4) as follows
fall within these intervals. In lack of further information,
therefore, exploit the intervals (6,1) to calculate the average|og(Q,/U;) = a+bi, a=log(g, 1<i<6. (6,4)
valuesQ;:

Qu#® =250 MeV L .
Q:(-1/3) — 4.95 MeV The factorg linking U; to the reference energyis deter-

Q.13 = 105 MeV mineq by the boundary c_ondition (6,3); this holds qf course
Q.23 = 1.26 GeV (6,2) eveninthe presence of higher order terms. The plain first or-
QC(—l/S) - '449 GeV der approximation decided foragrees with the intent of the
Qb(z/g) _ 17'2 GevV present paper: to describe the quarks through an approach as
! - simple as possible and compatible with the minimum amount
The superscripts indicate the charges of the respectifanput data needed for an unambiguous assessment of re-
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sults. So, owing to egs (5,3) and (5,4), one expects [ ] o -

11 -{teg| ~- /

log(Qi/Uo) 1 L
asen€CP (6,5) 104 R

log(Qi/Uy(ci/e)?)  Ug = o _ “

a+bi=

Now the Ax-dependent behavior df; can be checked:
if these equations dfl; and the positiom\; /A o« (Q;/U;)¥P
are correct, then both chances (5,3) should somehow appear s A
when exploiting the logarithmic law. A series of plots shows ] R
this point step by step starting from the raw data (6,2). R

The variousQ; are preliminarily plotted v§taking allU; ) R
equal to a constant; this first result is reported in fig 1. The 1 o/ i
boxes represent the input data, the letters betwgéten- 6 1 =
tify the quarks, the dot lines describe tentatively their possi- A . . . .
ble connection; the best fit dashed line has a mere indicative 0 1 2 3o 4 5 6
meaning of preliminary reference trend. The various points
are not completely random, rather they roughly follow a0

. oo . . Fig. 1: Plot of logQi/d) vsi; qis a best fit constant. The boxes
identifiable increase with It appears that couples of the Varrepresent the theoretical quark mass estimates (6,2), the dot lines

ious Qi lie _along three lines reas_onably parallel each Oth%[}e tentative connections between couples of quarks, the dashed line
so, according to eq (6,4), these lines should be characterizgflosents a preliminary best fit trend of all masses.
by a unique best fit cdicientb and difer by the coéicient

aonly. Yet, since each line must be handled in order to fulfill
the condition (6,3), the dierenta are irrelevant: indeed the
three regression lines 10Q() = ax + bi, with k = 1..3, must 1 '°g[,%] e
be actually plotted as lo@%/qx) = bi puttingax = log(a). 54 s
In effect the fig 2 shows that once having forced the three
dotted connections to cross the origin, all quark masses are
perfectly aligned along a unique best fit line, whose regres- | .
sion codficients area, = 4.7, 5.1, 5.4; the respective values o
of b range between.067 and (B85, i.e. it is reasonably un- A
changed. Clearly are here concerned the masses of isolated l o s
quarks, since the raw data (6,2) have been plotted one by one 21
independently each other. The relevant conclusion is that of :
having confirmed the validity of eq (2,4) and (2,14x has 1 e
physical meaning of delocalization range of a unique quark. |~
Considering that the masses spread over 5 orders of magni- e
tude, the result is certainly interesting. If one would calculate o 1 2 3 ;o4 5 &

the masses of quarks through this plot, however, four con-

stants must be known: threg andb: too many, to consider

physically meaningful this way of exploiting eq (2,4). Thé&ig. 2: Plot of logQi/q«) vsi; three values ofj calculated via the
worth of fig 2 is merely heuristic. It must be noted, howevetoundary condition (6,3) enable a unique trend line of the quark
that significant information abott can be obtained throughMasses with a unique constasy.

very simple considerations. In the linear regression (6,4), the

best it codficientb weights the increase of lo@() as a func- i, \yhich caseQs is normalized with respect to the total en-

tion of the incremental number of staie€onsider in partic- ergy of all possible states allowed betwe®s, andAsn,sn.
ular the highest mas®s of the top quark, corresponding t9Q4ance the estimates (6,2) yield ' '
i = 6: the greateb, the greater the calculated value @§. '

Sob is expected to be proportional @s. Moreover for the Qs
same reasoh controls also the masses of lighter quarks for Ziti:l Q
i < 6; the link of Qg with the masses of all quarks, inherent the

plot of fig 2, suggests that the proportionality constant should In effect, the value o calculated in this way is very close
reasonably have form and physical dimensions somehowtrethat determined in (6,6) via best fit regression.

lated to all quark masses. Put therefbre (Zi6:1 Q) 1Qs, Yet even three input data to calculate the quarks masses

6 w 7
o

=0.967.
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Fig. 3: Plot of logQ€?/c2q’) vsi. Fig. 5: Plot of logQ; /q;) vsi; x are defined in fig 4¢,, with k =
1,2, are calculated in order to fulfil the condition (6,3).
{ti m
I
111 1.,g[%{] 4 _ . _
{‘;}/ quark masses andmust have exclusively physical valence:
< here the problem does not concern a random dispersion of ex-
10 | ‘_{S} / perimental measurement errors, but the relationship between
R masses of isolated quarks and bound quarks on the basis of
/ data extrapolated from the experience; the challenge is to ex-
9+ {.,}/ 7 tract the former from the latter trusting to their initial order of
y magnitude only. The fig 3 reports a new plot where the ratios
py (Qi/Uo)/q are replaced by the respecti@e?/q c?, beingc
*1 g, the electric charges of the various quarkss clearly intro-
" duced for dimensional reasons. The chafke/qg is not
w 7 mentioned because found of scarce interest after preliminary
™ :/ checks. From a numerical point of view, therefore, the plain
: : . . . . Qi are now corrected by fractional charge facter$/3)? and

(2/3)%. In this way the logarithmic terms are handled exactly
as before, which allows the comparison with the former plot:
Fig. 4: Plot of logQ'/q) vsi with Q' = Qi/3%: herex, = constfor the figure 3 reports again a new best. fitilint_a._ Now the linear
the quarkgc) and{s} andx = /e for the other quarks. trend of logQ;€?/q/ ¢?) as a function of is significantly better
than that of fig 1; thé¢s} and{c} quarks only, both second gen-
eration quarks, deviate appreciably from the best fit line; their
are still too many; certainly there is something else not yedlculated values consistent with the linear best fit trend are
evidenced by the plot of fig 2. Moreover this result, whileespectively 51 MeV and.@ GeV, well outside the literature
showing that the idea of concerning the masses of isolatetérvals (6,1). Considering that the orders of magnitude cal-
quarks is basically correct, does not highlight anything abautlated are however globally correct, two chances are in prin-
the potential energidd; of egs (6,5), at the most it could ac<iple admissible: either the literature estimates of the masses
count forUg only. Since the idea of considering;/g« is of these quarks must be replaced by the values calculated here
theoretically too naive, let us regard the varid@sall to- or some further physical reason, not yet taken into account,
gether. If so however, despite the previous warnings, the piolables to modify just these values and align them with the
of fig 1 is unsatisfactory; owing to the logarithmic ordinatethers. The former option is in principle acceptable accord-
scale, the deviations of the vario@ from the best fit line ing to the previous warnings on the literature quark masses,
are markedly large. Seems however decipherable an unaot-would conflict with the plot of fig 1: both masses of these
biguous configuration of these points; this plot prospects tipgarks were correctly aligned on a similar best fit line before
chance of better results. An improved connection betweiaetroducing the correction due to their electric charges. So the
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latter option seems more stimulating. The superscripts are assigned to the generations of quarks
Replace therefor@;e?/q'c? of the quarkgc} and{s} only by comparison with egs (5,4) and (6,5); 8¢ = 0.148 MeV

with Q;/const This idea works well definingonstappro- andU| = 0.556 MeV.

priately, i.e. in order to fitQ; of these two quarks to the = Some further remarks on this result are also useful. The

main best fit line of the other quarks. The fig 4 reports tliest concerns the plots of figs 2 and 5: despite the former has

same data of fig 3, yet replacirﬁ/ci2 of the quarkgs} and been obtained from logJ;/q«) and the latter from lodp; /U;)

{c} only with a unique value not dependentgnnow Q;/q" that involves the potential energy, both plots look like and fit

with QF = Qi/xi2 includes both chances through The ideal surprisingly well the logarithmic law (2,4) despite the quark

line joining these quark masses is reasonably parallel to thasses spread over 5 orders of magnitude. These plots are

four quark best fit line, i.e. the plot of these two quarks difot trivial duplicates: it is interesting the fact thH@{/U; takes

fers trivially from that of the other quarks by the value of thieoth formsQ;(e/c;)? andQ;/const while are determinetdy

constanta only. As before, in fact this means admitting twand Uj. On the one hand is remarkable the fact of having

values ofa: one for the main best fit line, another one for thielentified the mass range as the reason that discriminates the

second generation quark best fit line; of course both validsnces (i) and (ii) of egs (6,5): indeed the mass range of the

must make the best fit lines compliant with the condition (6,8gcond generation of quarks is well defined with respect to

via a uniqueb. The result is shown in fig 5: despite replacthat of the first and third generations. On the other hand, the

ing ¢;/ewith a unique constant is certainly an approximatiofact that both chances are merged in the same plot is itself

nevertheless all quark masses are reasonably representeal foyther fingerprint of the quantum uncertainty, early intro-

a unique eq (2,4). In conclusion, the path from fig 1 to figduced because of the mere arbitrarinesaxf The third re-

was aimed to verify thatféectively the logarithmic law (2,4) mark confirms the fact thatx is not necessarily the distance

is expressed via the rati@;/U; vs the incremental numbeér between two quarks, it can also be the delocalization range of

of states. The plot of the quark mas$gss described by the one quark only; the fact that the plot of fig 5 overlaps very

following equation well that of fig 2 shows that even isolated quarks must be
o regarded as self-interacting and that the interaction potential
|og(_i) =bi Q= %‘ b=09723 energy between quarks, the well known eq (5,2) is a replica
Qo X g (6,6) of the self-interaction potential energy. This conclusion, also
X =c/e Q =0.556 MeV  T,3%gen supported by the fact that the plot of fig 5 is better than that

% =03644 Q=1118MeV 29generation of fig 1 by introducingQi/c? and notQ;/c;, explains why

Sob is very similar to that of fig 2. The double valu€d (3,2) describing the interaction betweeffefent quarks
of Up corresponds to the two regression constargowing holds also for isolated quarks. The fourth remark concerns

to merge the best fit lines of fig 4 according to the conditidi® values of the constant, andUg reported in egs (6,6),
(6,3); Q* plays the role of an "Bective mass” of quarks TheWhich describe the asymptotic freedom introduced in the pre-
L L | .

reliability of the results inferred from the plots is assess¥{PUs section. , , , ,
recalculating via eqs (6,6) the quark masses and comparin Note eventually that the considerations hitherto carried
them to the starting values (6,2); one find32 5.44, 1.22x U have assumed already known the quark masses; also, in
10, 1.14x 103, 450x 10°, 1.69x 10° MeV that agree rea- €4S (6,6) appear several constants to be known "a priori” to
sonably with the literature intervals (6,1). As mentioned garry out the calculations. Moreover, 'Fhe Iiterfature estimates
the beginning of this section, this is the basic requiremdfl) appear now as values well configured in the frame of
to be fulfilled. To assess this result also note however %4 (2,4) but not directly supported by experimental measure-
the values (6,2) do not have the rank of experimental daﬁ‘é?”ts- In this respect, a sound proof of their meaning would
to be necessarily matched as exactly as possible; as stifedP calculate them contextually to other well known and
before, they have a mere indicative meaning of reference V4RI determined particle mass. The merit of this first part of
ues. Hence the conclusion is that the egs (6,6) yield a sensjBfeSection is to have checked the egs (5,2) and (5,3) via the
result, while having also the merit of verifying the position@9arithmic law of eq (2,4). Yet it is also possible to extend
(6,5) strictly related to egs (5,3). But the most interesting rirther this idea considering together both lepton and quark
mark concernsJ;, which depends explicitly on the charges Masses. Indeed a simple question arises at this point: does
in the first and third generation of quarks only: in the secolfef €d (6,4) hold also for the leptons? The fact that quarks
generation it does not, which brings to mind the respectig@d leptons are both fundamental bricks of matter suggests
limit cases introduced in egs (5,3) and further emphasizedfj§ [de@ that the eq (6,4) could hold for both classes of parti-

egs (6,5). The generations of quarks are indeed describe§'65- More.over.note an interesting coincidence: the nu.mber
log(Qi/U;) = bi with U; defined by the following equations of leptons is 6, like that of the quarks. Is this a mere accident
or is there some correlation between each quark and each lep-

uU® = 0556(/e)> MeV 1%, 3 generation ton? The next part of the section will show that considering
u? = 0.148 MeV 24 generation together both kinds of particles allows obtaining all of their
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masses as a consequence of a unique principle. 1 {1’}:{1}5
The literature data on the massgsof the 6 leptons are jMEAPREY i

summarized here: 15 1 (v} g

1 -~

e— 051 MeV, u— 10566 MeV, ] ohigp 7 el
7> 177684 MeV, ve— <22¢V, (6,7) ol p
v, = <170KeV, v; » <155MeV. ] @il
1 s

The dificulty of comparing calculated and experimental ] /
masses concerns now the neutrinos, because of their very 5 fuh{v)
scarce interaction with matter and because the neutrino fla- ]
vor eigenstates are not the same as the mass eigenstates due

to the neutrino oscillations [17]. However, being the masses 0 _‘.'_'_ . . — . .
of electron, muon and tau well known, the strategy to carry ] i\ : oo * ¢
out the next calculations is: (i) to assume preliminarily the g (g ol 2]

eq (6,4) for_ the masses of the Ieptons; (i) to fit the masses o] NI - 9 pLi
of the neutrinos to the profile required by the logarithmic law / ishie} - 8

via an appropriate correction factor downscaling their upper

limit values (6,7); (iii) to look for a unique best fit calculatiorFig. 6: Plot of logQ;/Qo) =+ log(Li/Lo) vsi; Qo andL, are dimen-
including both leptons and quarks; (iv) to infer some conclgional best fit constant€, is defined in egs (6,6).

sion about the physical meaning of such a result.

Since the most important task of this sectionistofinda . . . : . .
reliminarily the reasoning previously carried out for the

correlation between the lepton and quark masses previOLPsI 6 | \o1 >
determined and to confirm the validity of the previous result%huydré(f;5 é)_csriceu:i?]tjgiﬂ L)"Ls exploiting the values (6,7)
the approach proposed here does not concern directly eq (318 T

rewritten in the form (6,4) logL;) = & +b'i involving the lep- Le Qs 2
ton masses only; rather we start looking since the beginning 5 — =0935 ( 5 ) =0.936
for a connection betweely andQ;. Let us show first of all iz L iz Q

that such a link actually exists, i.e. that are physically sengjnich shows that the lepton equation is related to that of the
ble logarithmic laws having the forms 1¢@;) +1og (L)) with  quarks. To explain this result assume that the normalized val-
Q/ defined in egs (6,6). From lo@) = ag + bi + ci? + - ues ofLg andQg are correlated, i.ele/2jLj = b'Qe/2;Qjs

and logli) = a_ + b'i + ¢’i? + -, with ag = log(Qo) and beingb’ a constant; imposing thesi = b, in order that also

a_ = log(Lo) regression constants, one finds first QE(+ Le/>;L; be proportional td of eq (6,5) for the same afore-
log(Li) = ag + a_ + (b + b)i+(c+)i2+-; the higher powers said reasons, one finds the given result. These considerations
of i have been skipped for brevity, whereas the dimensiopalt a constrain on the best fit deients ofQ; andL; vsi.
factors Qp and Ly are included in the constanés anda_. The fig 6 suggests the reasonable chance of introducing a fur-
as in eq (6,4). The fig 6 evidences that the idea of plottittger arbitrary constarit, that defines the more general linear
log(Q7) +log(Li) and logQ;) - log(Li) vsi is sensible: in fact combinations 10gQ;) + bolog(Li) = a + boa + bli + -

both curves are reasonably definable through appropriate &stice, multiplying side by side these equations and collect-
fit coefficients. To obtain these plots, the neutrino massésg the constants at right hand side, it must be also true that
quoted in literature through the respective upper limits only,

have been downscaled to the following values (log(Q)))” - bE(log(Li)* = 362 — ba(/? + -

ve= 1802 eV,v, = 34816 eV, v, = 1.549x 10" eV. (6,8) SKipping even the first power af In effect the advantage
of having introduced the arbitrary cieientb, is that it can
Moreover the varioug; have been sorted by increasin@e defined in order to make even the first order term negli-
mass like the respectiv@;. This sorting criterion establishesgible with respect to the constant term, whence the notation
a one-to one correspondence between leptons and quarks'@irted here; so, neglecting all powersi othe right hand
reads side reduces to a constant. The last equation reads thus

leptons ve v, € v, u 7
t 11111 6.9 (09(@))°=a+(ogLi)’h, a=ay*-blay?, b=b3

quarks u d s c bt Now implement again the input data listed in (6,7), (6,8)

Before commenting this correspondence and confirmiagd (6,2) to check if this last equation correlates sensibly the
the validity of eq (2,4) also for the leptons, let us repeat hegets of leptons and quark masses via two constaaisd b
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only; these constants are clearly best fitfioents that de- physical meaning only, merely reminiscent of the respective
scribe the correspondence (6,9). If the zero order apprayirark masses (6,12); nevertheless, it is possible to show the
mation just introduced is correct, then trivial regression c&ley role of these further energies for the physics of quarks
culations should yield a sensible statistical correlation of alhd leptons.

masses. The best fit ddieients consistent with the zero order Any statistical regression concerns by definition whole

approximation of the last equation are sets of values; here eq (6,11) correlates all masses of leptons
and that of all quarks reported in (6,2) and (6,7), (6,8) ac-
a=4549178521 b=1039628847  (6,10) cording to their representation (6,9). The best fitfioents

(6,10) are therefore the fingerprintaf masses. Various sim-
ulations have been indeed carried out (i) altering deliberately
some selected input values of either set of masses, (ii) alter-
log (Qibf/x,?) = ++/a+ b(log(L))% ing either whole set of masses and (i) altering both whole
sets of masses by means of arbitrary multiplicative factors
the notation stresses th@f of eqs (6,6) are replaced by valto find out how the corresponding results aféeeted; the

uesQibf of Q; determined by the regression, while the varioussults, compared with that of eq (6,11) obtained from true
X are of course still that defined in eq (6,6). This result i@lues, confirm of course that anyway the new regression co-

So the best fit equation is

readily checked calculating efficients difer from (6,10). The obvious conclusion is that,
for some specific reason, just the quotedfioents (6,10)
Qibf =X x 10° a+b(log(L))’ (6,11) identify uniquely the fundamental masses of our univesse:

is related to their measure units, as previously explaibed,
via the respective lepton masdeslisted in (6,7), (6,8) and controls instead the link between quarks and lepton masses at
comparing withQ; reported in (6,1). Note that, because dncreasing values of Actually one coficient only is enough
the exponentials, the decimal places of the regressiofiicodo identify all masses; the other is merely associated to it, be-
cients are important to reproduce the results of the followilitg concurrently calculated. Otherwise stated, one could as-
calculations. All of the values calculated with the positv@ume as a fundamental assumption one of thesgicieats

signin eq (6,11) only, the other one results consequently determined by the
unigue set of quark and lepton masses consistent with the for-
QA =250x1Pev Q) =497x10°eV mer one. Is clear the importance of understanding the spe-
QY =108x10fev Q'=122x1CBeV (6,12) cific physical meaning of the particular couple of fioments
ng =445x10°eV Q' =175x101eV (6,10) able to account for the fundamental masses of our uni-

verse as a function afne predetermined input. Besides the
fit surprisingly well the values (6,2) and, mostly importanjumerical calculation of these masses, however, it seems rea-
fall within the estimated intervals (6,1); it is worth noticinggonable to expect that some physical idea is still hidden in eq
that the agreement is much better than that obtained thro(gi1).
eqgs (6,6). A further remark in this respect is the following. To investigate this point consider the following equation
When carrying out the regression calculations with random .
input data, have been traced the percent deviations of the re- q’ = x,-2 x 10t Va+(log(L) (6,14)
sulting values of quark and lepton masses with respect to the ) ) o
respective input values: the best self-consistency was folfigred from (6,11) leaving unchangedvhile replacing in-
with the true data; the conclusion is that the regression is f§tadb V‘Z"th the unity. This equation results formally from
mere calculation procedure, but rather a real physical rétn)g(qio ) = (log(Li))? + a, which is interesting becausg
resentation of the masses. This also supports the idea #@mtL; can be interchanged simply changing the siga bfit
the average values (6,2) of the estimated intervals (6,1) condd its absolute value. Of course the variofiso defined are
have an actual physical meaning. Yet are also allowed th@longer quark masses; being still related to the respective

following results calculated with the minus sign true lepton masses, however, als@y are somehow related
to Q.
qﬁf =791x10%eV qgf =248x10°%eV Itis very significant to regard eqs (6,14) thinki@gcorre-
R =164x100ev @ =145x10ev (6,13) lated toL;, which in turn are correlated @f via one additive
' =277x102ev @' =113x102eV constant only.

So far the experimental masses of quarks and leptons have

The former set of energies has a literature check througgen introduced as a matter of fact, thus finding that a unique
the estimates (6,1), the latter set does not; yet there is no egp4ation, (6,11), accounts for all of them simply postulating

son to exclude the values (6,13), whose physical meaning willvell defined and unique couple of regression constants. Eq

appear shortly. In the latter case the subscripts have a forfgal4) adds to this standpoint a new perspective: the existence
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of a field whose quanta are related to tfieas a function of having in particular boson character. So, when summing up
which are first calculated; via eq (6,14) and thef; via eq all these terms one finds a total boson energy having the value
(6,11). The number of input data confirms that highlightédst quoted. This peculiar energy that accounts for the lepton
before, i.e. the quoted value afonly; the masses of bothand quark masses corresponds tooanpositeparticle con-
quarks and leptons appear then as consequences of a ursigiigg of the sum of 6 termg’* — ¢~ rather than to a truly
kind of particles, just thep’, since the only possible regreselementary particle. This conclusion is supported by the fact
sion of L; with @Q; consistent with the givem is that with that the lifetimeAty of such a particle should reasonably re-
the concurrent valub. This explains whyg® have been de- sult from that of its longest life constituent term with= 1,
fined keepinga and changindp only; even without appearingi.e. Aty = 7/(q]" — g"); one calculates in this way via eq
explicitly appearing in eq (6,14), we know that the latter ($,14)
required to be just that consistent with the former.
Note now that also eq (6,14) allows two sets of of values, ;" —d = 2.50 MeV, Aty = 2.63x 10%s,
g’ andq’", defined by either possible sign of the exponen- )
tial; it is easy to realize that, likewise as the values (6,12) ahfi€Se last results are reasonable and fully agree with the out-
(6,13), also now from a numerical point of vieyft" >> g°-. COmMes of recent experimental measurements.
This appears regarding ajf together: the resulting total en-
ergies corresponding to the positive and negative signs gre
Ziﬁ:l g = 129x 10t ev andzf:1 g>- = 8.189x 108 eV. This section investigates further consequences of eq (2,2).
Define therefore the linear combinatiofi” — g°~ and sum This part of the paper is thus significant because just this
together ali-th terms; one obtains again a total energy ~ equation leads to eq (2,4), which has been heavily involved
to infer the asymptotic freedom equation (5,7) of quarks and
ey = 129 GeV. the masses of quarks and leptons; confirming once more eq
?) means therefore to correlate these results to another fun-
amental topic of quantum physics concerned in the present
%gction, i.e. the statistical distributions of quantum particles.
gs (1,1) link the energy rangees including the possible en-

The quantum statistical distributions

Regardless of the numerical values, however, the physi
meaning of each terg®* — g°~ is profoundly diferent from

that of the termg>* andg®™ regarded separately: the mass
my, charges;, spinss, colorsC; and so on of these virtual = . )
particles, expectedly the same fift andg® whatever they ergies of a quantum system to its numhef allowed states:

might be as a consequence of eq (6,14), subtract each om%rCh"?mge of energy range sidae = (h/At)én_during a
and thus do no longer appearg?t — g°-. This point is easily given time rageAt has been concerned in section 2 to cal-
[l |

highlighted and explained. Actually the eq (6,14) estabnsh‘é‘é'atze 4‘“9 Ire'f‘htetd changa = n, - i gf n th‘]f.s Odbtai”i”?t
the numerical values of the new energigsandg’, not their €q (2,4). nf al case, vt;/as rfegar ed as af e quafn 'ﬁ/.’ h
specific forms about which nothing has been hypothesized'Sr as a reference number of states as a function of whic

is known. The most natural way to regard these quantitié%,def'ne‘sn' Now we generalize these ideas: boihandn,

in full line with the basic ideas of the present model, is to rg_re'aill'owed to change in a quantum system ch'aract'erlzed by
initial number of states,. If so /At can be identically

late the various) to appropriate energy uncertainty ranges g
done in eq (2,4); this means assuming for instance rewritten ash/At = Aen, /Ny O i/ At = Aen, /12, because both

right hand sides are equivalent reference states in deffining

ot = &f(m,c.s,Ci,..) - £(0,0,0,0,..) So, being both chances alike as well, it is reasonable to expect
o =& (m,c.s,Ci,..) - £(0,0,0,0,..) that7i/At o« Ki/(ninp) with K; = K;(At) proportionality fac-
. tor having physical dimensions of an energy. This position is
with possible in principle becaug¥ is arbitrary; so, whateven
g (m,ci,s,GCi,.) ~£(0,0,0,0,.) andn, might be, certainly exists a time lengtt = At(ny, ny)

as well. As repeatedly stressed, both boundaries of any unéeat fulfills the proposed correlation. From a formal point
tainty ranges are arbitrary. Here we are interested to consi@feriew, assume thade/n of the system is described dur-
in particular ranges fulfilling the following condition aboutnd At by the linear combinatioBiAen, /N1 + @Aen, /Ny, be-

the upper boundaries: ing a; anda, appropriate time dependent ¢heients; if so,
thenK; = aynyAep, + axniAey, is defined just by the equation
&'(m,c,s,Ci,.) =& (M,c,s,Ci,..). SAe/on = h/At = K¢/(ninp). Since all quantities at right hand

side are arbitrary, for simplicity let us approach the problem
in the particular case whekg is regarded as a constant in the
¢ - =£(0,0,0,0,.) — £(0,0,0,0,.) following. This chance is obviou_sly also obtainab_le de_fining
appropriatelya; or a; or both duringAt. The following dis-
that definesg®™ — g°~ as the energy uncertainty range of aussion will show that even this particular case is far reaching
massless, spinless, chargeless, colorless,.. virtual partiate deserves attention.

These positions agree witf* >> g°~ and also yield
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Write n; = ny + j andn; = +j, beingn, a reference fixed The inequality ensures that is fulfilled the initial condition
number of states anfla variable integer accounting for theof the case (i) concerned here, whereas the first eq (7,4) shows
change oh; andny; of course botm, andj are arbitrary and the probabilistic character af;j resulting from the previous
independent each other, which yields indeed n; = n, or positions.

n,—n; = Ny+26j depending on the signs ¢f In this way it is Consider now the limit case (ii). Despite the second eq
possible to describe a steady system witnjtmitial states or (7,3) requires in principle a very large number of series terms
an evolving system where is allowed a new numidet n, of to express,/j >> 1, even tending to infinity, there is no rea-
states; since now botly, andn, are allowed to changén = son to exclude that the second equation (7,4) defiriig
+2§j. Simplifying the notations, the equation inferred frorstill holds: beingK’ arbitrary, it can be still defined in order
dAg/on = K¢/(mny) of interest for the following discussionto fulfill the inequalityK’%;(1-no/2j +n2/3j?+..) < 1 what-

reads ever the ratia,/ j might be. On the one hand this inequality
‘m?i - _ 2K . §i=1 2. (7,1) can be accepted in principle even though the series consists
oj (o £ j) of an infinite number of terms; in fact the series does not

whereK must be intended as the constant repladfagre- need to be explicitly computed, which makes plausible also

viously introduced; it is allowed to take both signs, which ie positionr; = K’'wj. On the other hand, however, in this

avoids writing explicitly+5j. The notationAe; emphasizes way the resultjAs; = K’gowj is not explicitly inferred: the

the variable number of states appearing at right hand side.Idio hand side of the last inequality is indeed undefined. Oth-

proceed on, consider the case where boimdn, are large erwise stated, without the straightforward hint coming from

enough to regard approximately the former as a continuahe case (i) the egs (7,4) could have been hypothesized only

variable, so thatj << j; so the left hand side can be handlednd then still introduced in the case (ii) as plausible inputs

for mere computational purposes onlydds:;/d j; henceAg;  but without explanation. Actually, the assessment of the limit

calculated solving the fierential equation, resultstobe  case (i) and the subsequent considerationsydff are the
(k! ; _ points really significant of the present reasoning: while ex-

Aej = (K'eo/No)log (no/j 1) + const 2K = ~K'eo, (7.2) tending the physical meaning of and jA¢; also to the case

beingconstthe integration constank’ is an arbitrary dimen- (ji), they ensure the compatibility of the limit cases (i) and

sionless constant ang an arbitrary constant energy. Congj). Once again, the arbitrariness of the numbers of states

sider now two boundary conditions of eq (7,2) concernifglays a key role to carry out the reasoning.

the respective limit cases (@, << j and (i) no >> j. From Looking back to eq (7,2) and multiplying biyboth sides,

a mathematical point of view, note that eq (7,2) is obtaings} ys write

by integration of eq (7,1) with respect joregardless of;

hence one could think the cases (i) and (ii) as due to fixed in-  jAgj = K'eo(j/No) log (No/ j = 1) + constj (7,5)

tegration limits ord j for two different values ofi, consistent ] ] )

with either inequality, of course without modifying the resuffccording to egs (7,4)Ae;/K’s, = wj; so, neglecting 1 with-

of the integration and the subsequent considerations. ~ '€SPect tano/j in agreement with the present limit case (ii)
In the case (i) holds,/j + 1 only; puttingconst= 0 and @nd summing all terms;, eq (7,5) yields

expanding in series the logarithmic term, the right hand side

of eq (7,2) reads We — i (i)log(i) B O_const’ > i . @6
ij/So =i Mo Mo K'eo =i
Ab‘j = T 5
0 2 ] (7,3) It is useful now to rewrite eq (7,6) as a function of a new
wj=1—2—?+3—j°2—..., O<wj<1l variableg;

Let j be defined between two arbitrary numbers of states 12 K’gg j
j1 and j» > ji; moreover define novK’ in order that the W= _qui log(€;). const= — o log@. ¢ = g’
sum of all termsK’w; introduced in the last equation over all =i
values ofj fulfills the following condition whereq is a proportionality factor not dependent grit has
i iz been defined according to the second equation to eliminate
1< 7m=Kuj, K’ij = Zn,- =1, the second constant addend of eq (7,6). The next step is
I I to definej, so far simply introduced as an arbitrary integer

then the result is without any hypothesis on its actual values, in order Wvat
] i has specific physical meaning with reference to a thermody-
7| = JAg; o = Z jAe] No <1 (7,4) namic system characterized by a numbesf freedom de-
j2 k) - 9 . . il

> A j=i1 grees. To this purpose assume thaan take selected values
Ej -

j=i1 n® only, with n arbitrary integer. This is certainly possible:
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nothing hinders calculating the eq (7,2) as a functionggh® lower sign allows in principle botls, < ¢; ande, > ¢j, as
instead of anyj progressively increasing; in this way alsin effect it is well known. To understand these conclusions,
the eq (7,6) accordingly calculated takes a specific physit=tlus exploit the reasonable idea that the numjbef states
meaning consistent with that of the ratio¥n,. Clearly this allowed for a quantum system is related to the nuntberf
does not mean trivially renaming now n® readsAxAp/#S, particles of the system. Recall another result previously ob-
whereAx = Ax; - -AXs andAp = Ap; - -Aps. Since there- tained exploiting eqs (1,1) [7]: half-integer spin particles can
fore AxAp symbolizes a volume in &dimensional phaseoccupy one quantum state only, whereas one quantum state
space, AxAp/h® represents the number of states allowed @an be occupied by an arbitrary number of integer spin parti-
this volume. It is known that this ratio introduces the statisles. In the former case therefojres directly related td\, i.e.
tical formulation of the entropy [16]; so puttingpnsYK’e, j = N andn, = 1, in the latter case instead in gendxab> |
proportional to a new quantitgg, one finds without a specific link betweepandN. Yet the arbitrariness

of n, makesj suitable to represent afy also in this case as

ny . .
B _ N = 3] = noY (exp@ej/K)— 1)1 In the classical case
S=- log(&n). So = —qlog(Q), R .
qn;hfn 9n) 0= ~qlog(©) 7.7) whereAg; >> K, this equation is the well known partition
const 1S, Q= gl "7 function.
Ke ¢ 0q° .

8 Discussion
The notation of the first sum emphasizes that rjgakes

values corresponding to the possibfe The constant of eq After the early papers concerning non-relativistic quantum

(7,6) has been therefore related in the last equati@ytdhe physics [5,6], the perspective of the eqgs (1,1) was extended to

second equation can be regarded as a particular case OFQEeS_pECiaI a_nd general relativity; the gr_avitational interaction
former when the thermodynamic probabilitigsare all equal; was indeed inferred as a corollary just in the present theoret-

while in eq (7,2)j was an arbitrary number progressively inical frame. The problem of examining more in general also

creasing frojs 1o jo, in eq (7,7) its relationship to° does not other possible forms of quantum interaction appeared next as

exclude the chance of coincident values for equal volumesao[fatural extenspn of these results. This paper al.med '”‘?'eed
fer some basic concepts on the fundamental interactions

phase space. It is well known that the results so far expo 24 ible i ‘ E ithout ambii ; et
introduce the statistical definition of entropy a trivial propof2SSIP'€ [N nature. Even without ambition of completeness

tionality factor apart. Note that this result has been obtain exhaustlveness, the ch_ance of finding some ouj[standmg
in a very diferent context [12], i.e. to show the quantu atures unambiguously typical of the electromagnetic, weak

character of the Fick @iusion laws as a consequence of ejﬁﬂd strong interactions has the heuristic value of confirming

(1,1) only; despite the fiierent topic, the theoretical frame i e fundamental t':haracter' Of €qs (1,1): seems indeed signif-

however exactly the same as that hitherto concerned. |c_ant that the weird peculiarities Of the q”a”th world are
Let us return now to the early eq (7,2). Define as usﬂfectly related not only to the physical properties of the ele-

the energy range as; = &/ — ¢, so that the eq (7,2) reagdnentary particles but also to that of their fundamental inter-
] = ’ ’ . . . . . .
ne(const+ &' — &”)/K = log(no/j + 1). Exploit once again actions, which are described in a unique conceptual frame in-

the fact that in general the boundary values of the uncertaig‘gding also the gravity and the Maxwell equations [7]. Now

ranges are arbitrary; hence, whatever the sign and value P the gra_v|t_at|onal cogp!lng constant, so far not explicitly
%ncerned, is inferred within the proposed conceptual frame.

K andconstmight be, the left hand side can be rewritten ! o . :
e starting point is again the eq (2,7) rewritten as follows

(ej — €0)/K, being of course both; ande, still arbitrary. So
the number of stategof the eq (7,2) reads , AF, AR | dAx
No o vy = — e vy = aAC AFy = Fx—Fox. (8,1)
= = @ —e)/K) =1 Ag = gj—&o = No(CONstr&’ —&”).
Pl ~ %o By means of this equation the paper [7] has emphasized
The second equation reports again the starting point froine quantum nature of the gravity force, approximately found
which is inferred the former equation to emphasize that, degual toAF, = Grmymy,/AX? for two particles of massy, and
spite the arbitrariness of the boundary values that define thg also, the time dependence @f or pox Of Apx = Px — Pox
size of the energy uncertainty range, the specific problem des alternatively introduced to infer the equivalence princi-
termines the values of physical interest. For instance in e of relativity as a corollary. In the present paper, instead,
(2,6) has been inferred the Planck law identifyifng; with both boundary values of the momentum component range
hAv;; clearly the number of states therein appearing is to bave been concurrently regarded as time dependent to infer
identified here withj, whereas, can be taken equal to 1 bethe expected potential energy (5,2) of the strong interactions:
cause the photons are bosons. Here the upper sign requlreseasoning is in principle identical, although merely car-
signs of K andgj — &, such that £ — &,)/K > 0 because ried out in a more general way; the form of eq (5,2) comes
the number of statesmust be obviously positive; instead theutting in eq (2,7) bottpy # 0 andpox # 0, which is the

j
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generalization of the relativistic reasoning carried out in [7As concerns the ratim,e/mp Note thatm,. is a real particle,
In fact the eq (2,7), straightforward consequence of egs (179 is a mere definition; so for the former only holds the idea
and thus valid in general, has been reported also in the preseat any particle confined in an arbitrary uncertainty rathge
paper to better understand these results through its underlyingharacterized in principle by a momentum component gap
reasoning: what changes is the way it can be exploited to dgy = p§°"f — py with respect to an ideal unconfined state,
scribe specific physical problems, as it has been also empdee eq (2,1). For the reasoning is irrelevant how an electron
sized about the physical meaning@f Now we are interestedneutrino could be confined in practice, becauseis arbi-
to implement a particular case of eq (2,7), i.e. the Coulortriary; it could even be the full diameter of the whole universe.
law quoted in eq (2,8). The procedure followed below doéss instead significant in principle that, as already shown in
not need any additional hypothesis with respect to these ceeetion 4 about the weak interaction boson vectors, it is pos-
siderations: it is enough to specify appropriatallf, in eq sible to write for the electron neutrino a delocalization energy
(8,1). As,e = Ap2/2m, valid for any real object; this reasoning has

Consider first the eq (2,8): in the particular case- eit been in &ect exploited in eq (4,13). These considerations
yields the Coulomb lawy — Fox = AFy = +€°/AX?. Replace aim to conclude that, whatevap, might be, the equation
this expression into eq (8,1), which reads then

Mye = Ap%/2Ae,e Agye = M, (8.4)
vl = +€*/nh. (8,2)
The + sign is a trivial feature of the velocity componen uggestsn,e proportional to a reciprocal energy range,e

' along the arbitrary-axis, it is in fact of scarce interest for. at in turn should be proportional tG. If this reasoning
Ux 9 X ’ is. physically sensible, them,e/mp « ¢2 suggests by con-

:22 F:crtptc;wsefts o{t.trr]]e/pr_es(er;ltq)c(i;s;gsdscl)onr; tg/l'(r)1 rft;rlr:ater(ezsgl;%é uenceamn,e/mp o @?; since the fine structure constant is
putting, = (a/njc, ' q (< 'proportional itself toc™!, this position simply means includ-

one obtains the identitg/n = €/n#ic. This result supports . . ; .
the idea thatl,/c of eq (8,2) &fectively represents a couplingmg €?/h into the proportionality constant. Write therefore

constant: it reads/n, just the electromagnetic coupling con-
stant found in eq (1,4).

ConS|d.er now thg grgwty forcaFx = Grmymy/Ax* and having called IN the proportionality constant. The ratio at
replace ,th's expression into eq (8,1): go= Gr_nimb/nh. left hand side is immediately calculated with the help of the
Comparmg this result with the case of th(_a electric force Profrst value (6,8), it results equal taSlx 1028 the factor
agating between charged masses, one finds a? ~ 5.3x 107 calculatesN equal to 35 x 10?3, a value sur-
8.3) prisingly similar to well knowrN = 6.02x 10?2 for the ratio at

right hand side. The agreement between these values is really

Is obvious the reason why the gravitational coupling connexpected: while the positian,e/me o< o* could be accept-
stant, recognizable at the right hand side, has been formaipje at least in principle, is reallyfticult to understand what
obtained through elementary considerations identical to ttze Avogadro number has to do with the present problem. A
of eq (8,2): the unique eq (8,1) turns into either result sirasonable idea is to regatd/N, perhaps a mere numerical
ply depending on whether one replaaes, with €2/Ax? or accident, as a whole factor between ordinary mass units and
Gmamy/AX2. Egs (8,2) and (8,3) suggest that the gravitation@lanck mass units. To support this statement replace in eq
and electromagnetic field propagate at the samecrateem- (8,4) As,e With m,ec?, regarded as the average of the bound-
phasized when discussing the physical meaning, @indv, ary values ofAe,; for the following order of magnitude esti-
in section 2, the latter is the deformation rate of the spac¢eate this replacement is acceptable. So, recalling/Apat=
time rangeAx that determineaF,, whereas is insteag the ("2/AX)? and that actually to calculatke,e one should con-
real propagation rate of the respective messenger particlesiflerAps + Ap? + ApZ, eq (8,4) readax = nic+/3/2/m,ec?;
the interaction space-time range; in both casedx/At = ¢. puttingn = 1, one findsAx = 1.3 x 10’m. Replace now

These results are not end points, they have heuristic chie;e with (N/e?)As,e: the factor previously found to con-
acter. Let us start from eq (8,3) considering for simplicityertm,_into Planck mass units should now convert the energy
my = My, = m, so thatm = mp+/Nag; i.e. anymis pro- &, from the ordinary units into Plank energy units. Indeed
portional to the Planck mass, the proportionality factor beifg = nfic v/3/2¢?/Nm,C? calculated again witm = 1 re-
just yag. Owing to the small values afg, one expects thatsults equal to 1L x 10-3m, which is reasonably comparable
large values oh are required to fit even small masses. Alwith the Planck lengthe = 1.6 x 1073°m. Actually this result
thoughag depends in general on the specific values of tkeuld be expected, because it is based on regarding the energy
masses, it is interesting to examine its minimum value cate,e = Ap2/2m,e asAs,e = Ap2c?/2Ae,e, as already done in
responding to the particular case where boghandm, rep- section 4; accordingly, this means identifying,. calculated
resent the lightest elementary particle, the electron neutrifrom the confinement uncertainty equation with the nrags

Mye/Mp = @?/N

ag = vy/C = GmyMmy/NnAic.
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of the particle itself via the facta?. This idea was found rea-calculated through eq (6,10) supports also the values of the
sonable to calculate the characteristic length of the weak nasses not experimentally available. On the other side, how-
teraction, eq (4,14), and appears adequate also here becaesei in lack of a self-interaction mechanism characteristic
shows that the conversion factormf into mp also converts of the quarks only, the question arises: is justified a simi-
&, IiNt0O Ep. lar mechanism for the vacuum polarization around the real

The main reason for having proposed this result is to sticharges with formation of virtual particle-antiparticle pairs?
ulate (i) further considerations on the link betweeandage) Does the interaction between these couples of virtual parti-
and (ii) a greater attention td when searching fundamentatlegantiparticles surrogate the self-interaction of the quark-
relationships between the constants of nature. Another giuton plasma? Work is in advanced progress on these points.
merical accident, which is worth noticing here because per-
haps of possible interest, concerns the keytogents (6,10);
indeedra/b = 137.469, which difers from 137036 by about References
0.3% only. It has been remarked the obvious fact that even
small deviations of any lepton or quark mass from 'Fhe mpuf' in Quantum ElectronicsL995. v. 19, 89-130.
values (6,2) and (6,7), (6,8)tact the regression cfieients ) ) ) .

. . . L. 2. Wigner E.P. On the quantum correction for thermodynamic equilib-

(6,10). So, at least from a numerical point of view, it is sen-" ,m physical Review1932, v. 40, 749-759.
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Strain Energy Density
in the Elastodynamics of the Spacetime Continuum
and the Electromagnetic Field

Pierre A. Millette
University of Ottawa (alumnus), Ottawa, Canada. E-maiérieiAMillette @alumni.uottawa.ca

We investigate the strain energy density of the spacetinméireaum in the Elasto-
dynamics of the Spacetime Continuum by applying continuuethanical results to
strained spacetime. The strain energy density is a scalarfindf that it is separated
into two terms: the first one expresses the dilatation engeggity (the “mass” longitu-
dinal term) while the second one expresses the distortierggrdensity (the “massless”
transverse term). The quadratic structure of the energyioal of Special Relativity is
found to be present in the theory. In addition, we find thatkdihetic energypc is car-
ried by the distortion part of the deformation, while theathition part carries only the
rest-mass energy. The strain energy density of the eleafgnetic energy-momentum
stress tensor is calculated. The dilatation energy defthigyrest-mass energy density
of the photon) is found to be 0 as expected. The transversertii; energy density
is found to include a longitudinal electromagnetic energy ferm, from the Poynting
vector, that is massless as it is due to distortion, notatilat, of the spacetime con-
tinuum. However, because this energy flux is along the daeatf propagation (i.e.
longitudinal), it gives rise to the particle aspect of theotlomagnetic field, the photon.

1 Introduction Using (11) from [2] to express the stresses in terms of the

The Elastodynamics of the Spacetime Continu&WGED) is strains, this expression becomes
based on the application of a continuum mechanical approach 1, 5
to the analysis of the spacetime continuum [1-3]. The ap- & = 5 Koe” + Ho€T g 4)

plied stresses from the energy-momentum stress tensor r§gHere the Lame elastic constant of the spacetime continuum
in strains in, and the deformation of, the spacetime COl]tlmquO is the shear modulus (the resistance of the continuum to

(STC). In this paper, we explore the resulting strain energy RgGortions) andxo is the bulk modulus (the resistance of the
unit volume, that is the strain energy density, resultimfr -qninum todilatations). Alternatively, again using (11)

the Elastodynamics of the Spacetime Continuum. We thegy, 5] to express the strains in terms of the stresses, this
calculate the strain energy density of the electromagfietit expression can be written as
from the electromagnetic energy-momentum stress tensor.

1

2 1 af
. . _ , E= 0+ — 1Pty (5)
2 Strain energy density of the spacetime continuum 2o 4uo

The strain energy density of the spacetime continuum is_a - . . .
scalar given by [4, see p. 51] 3 Physical interpretation of the strain energy density
The strain energy density is separated into two terms: thie fir
s= }Taﬁgaﬁ (1) one expresses the dilatation energy density (the “mass” lon
' gitudinal term) while the second one expresses the distorti

: : . energy density (the “massless” transverse term):
wheree,; is the strain tensor anfi’? is the energy-moment- 9y Y ( )

um stress tensor. Introducing the strain and stress desiato E=&+E&L (6)
from (12) and (15) respectively from Millette [2], this equa h
tion becomes where

1 1
8“ = = K()82 = — t2 (7)
1 af af 2 ZKO
E= E (t + tg )(ea,lg + eg(,ﬁ) . (2) and L
o : , &1 = uoePeys = — t"ty. 8
Multiplying and using relations®, = 0 andt*, = 0 from the L= HoC TG g p ®)

definition of the strain and stress deviators, we obtain Using (10) from [2] into (7), we obtain

= [oc?]. )

1
_ = af =
&=3 (4te +t7eys). ®3) &1= 320
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The rest-mass energy density divided by the bulk modwuswe obtain [6, see p. 66] [7, see p. 141],

and the transverse energy density divided by the shear modu- L s 1\ 1 s oo

lus uo, have dimensions of energy density as expected. ¢ =3 (femE + 7 B ) = Efem(E +c°B )
Multiplying (5) by 32 and using (9), we obtain

) 0% =00 = L (ExB) = enc(ExB) = 18!
32k0E = p?ct + 8= Pt (10) ' ‘ ' (15)
Ho o = — (€mEIEX + - BIBX) + 36 (eenE? + -1-B?)
Noting thatt®t,s is quadratic in structure, we see that this _ _ _
equation is similar to the energy relation of Special Reiti = —€em [(E’Ek +c?B Bk) - 3ok (E2 + CZBZ)]
[5, see p. 51] for energy density

R whereS! is the Poynting vector, and where we use the nota-
E? = p2c* + p2c? (11) tiono* = O as a generalization of the! Maxwell stress
tensor notation. Hence the electromagnetic stress teasor i

whereE is the total energy density anrtie momentum den- given by [6, see p. 66]:

sity.
The quadratic structure of the energy relation of Special lem(E?+c?B?)  Sy/c S,/c Si/c
Relativity is thus found to be present in the Elastodynamics sc o -ty -
of the Spacetime Continuum. Equations (10) and (11) also ot = , (16)
imply that the kinetic energyc is carried by the distortion Sy/c T 9w 9w
part of the deformation, while the dilatation part carriesyo S./c —ox -0y Oz

the rest mass energy. N
This observation is in agreement with photons which afé1erec! is the Maxwell stress tensor. Using the relation

massless&; = 0), as will be shown in the next section, bufes = Taulsy0*” o lower the indices of+”, we obtain

still carry kinetic energy in the transverse electromaignet

. . Lean (E2+c2B%)  -Sy -S -S,
wave distortions&, = t%t,s/4uo). seon (E°+°F) fe v/ /e

-Sx/c —Oxx —Oxy —Oxz (17)
: . . o = .
4 Electromagnetic strain energy density 0% s,/c o o 0w
The strain energy density of the electromagnetic energy-mo _s.jc ” ” ”
z —Ozx Oz Oz

mentum stress tensor is calculated. Note that Rationalized
MKSA or S| (Systéme International) units are used in this ) o
paper as noted previously in [3]. In addition, the electrgma#-1 ~Calculation of the longitudinal (mass) term

netic permittivity of free space.m and the electromagneticThe mass term is calculated from (7) and (17) of [2]:
permeability of free spacgen are written with em’ sub-

scripts as the “0” subscripts are used in the spacetime con- &l = i 2 _ i o®.)2. 18

. o =3 350 ) (18)
stants. This allows us toflierentiate betweeta,, anduo. Ko 0

Starting from the symmetric electromagnetic stress tenggfe termo?, is calculated from:
[6, see pp. 64—-66]

O_wa = Nap O_wﬁ
1 1
O = — |FHFY + = ¢"F%PF 4| = 0, 12
Liem ( a 49 043) ( ) — 77”00_00 + nwlo_wl + UQZO'(YZ + 77030—03 (19)

with g** = p*” of signature €---), and the field-strength
tensor components [6, see p. 43]

= 000 ® + 7120 + 72002 + 3302,
Substituting from (16) and the metni¢” of signature

0 -Bje -Bfc e (+---), we obtain:

o _ Ex/C 0 B, -B, 13) )
- E/c B, 0 By ol = 2 €em (E2 + CZBZ) +0xxt+ Oy + 0z (20)
e 5 ° Substituting from (15), this expands to:
and o L o
0 Ex/c E,/c Elc 0'a—§€em(E +CB)+eem(Ex +C BX)+

Fo=| 0 T 14)  +een(E,2+ PB2) + conm (B2 + B2 - (21)
-Ej/c -B 0 By
~E/c B, B 0 —% €em (E2 + CZBZ)
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and further, Simplifying,
0 = L €om (E? + C2B?) + eon (E2 + 2B?) - EBterms= e, | (E2 + 2B7)’ - (E + 2B,2+
(22)
-3 €en (E? + C2B?). +E,%+ ¢?B,% + E2 + ¢?B2) (B + ¢°B?) +
28
Hence 2, 2.2\ 2 2\2 (28)
+(Ex +C BX) +(E,, +C?B, ) +
% =0 (23) ' ‘
and, substituting into (18), + (EZ2 + CZBZZ)Z]
& =0 (24) which gives
as expected [6, see pp.64—66]. This derivation thus shows EBterms= Egm[(EZ + 0282)2 - (E2 + CZBZ)Z+
that the rest-mass energy density of the photon is 0.
2 2

. Ex? + C°By? E,2 +¢°B,? 29
4.2 Calculation of the transverse (massless) term +( O ) +( A ) * (29)
The transverse term is calculated from (8), viz. + (EZZ + Cszz)z]

1 )
&L = — tP,. (25) and finally
4uo
. EBterms= 2[E4+E4+E4+

Given thatt = %o?, = 0, thent”” = ¢ and the terms €em ( X v Z)
o4 are calculated from the components of the electro- 4o 4 4 4
magnetic stress tensors of (16) and (17). Substitutinger t e (BX +B/+B; )+ (30)

diagonal elements and making use of the symmetry of the
Poynting component terms and of the Maxwell stress tensor +2¢2(E?B,® + E,?B,? + Ezszz)]~

terms from (16) and (17), this expands to: ) ) o
Including the E-B terms in (26), substituting from (15), ex-

) X . ) ’
Bores = ‘_11 egm(EZ + CZBZ) + panding the Poynting vector and rearranging, we obtain

ap g = 2 [ E 4 EL4 E 4 4 B 4 B a
+Egm[(ExEx+CszBx)—%(E2+C2|32)]2+ TP = € ( GHEA+ z)+C( B
+e2,[(E,E, + c*B,B,) - 5 (E?+ Csz)]Z N +B.*) + 22 (E?B,® + E,*B,2 + E”B/?) ]_

20 [ e 2
+e2 [(EzEz + CZBZBZ) - % (Ez i Csz)]Z_ 2€2,.c? (EyBZ Esz) + (-ExB, + E;By)? + (31)

B 2 2 [ 2 2
~2(Sy/e)’ - 2(S,/c)" - 2(Su/cf + ~(E8 -EBJ |+ 24| (B, + B8+
42 (U'Xy)z +2 (O_yz)z +2 (02> + (EyEZ + CszBz)z + (EzEx + (;ZBZBX)2 ]

The E-B terms expand to: Expanding the quadratic expressions,

By 2 4 4 4 4(p 4 4
EBterms— egm[% (E2 +CZBZ)2+ cPoep = Eem[(Ex +E,"+E; )+ o (BX + B,"+

B4) + 2¢2(E2B2 + E,?B, 2 EZBZ]—
+(E@+2BR2) - (B2 +B2)(E? + B + +B) + 21 (BB + BB, + £7B7)
~262,.c2 [EXZBy2 + E,%B2 + E”By® + B2E, >+ (32)

(
+(E2+B7) - (E2+CBY)(E?+B)+  (27)
( +B,2E2 + B2E2 - 2(E<E,B.B, + E,E;B, B+

+(E2+2B2) - (E2+ 2B2) (E2 + 2B2) +
+EZEXBZBX)] 122, [(EXZEyZ +E2E2+
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+E2E?) + 2¢(ExE,B\B, + E,E,B,B,+ or . .
_ 2_ - Q2
+EZEXBZBX) +ct (BXZByZ +B,2B2 + BZZBXZ)] & = ” [Uem 25 } (39)

Grouping the terms in powers oftogether,

1
op _ 4 4 4 2F 2
o aaﬁ_[(EX +E,* + E*) + 2(EE, %+

YE2E2 + EZZEXZ)] + 202 [(EXZBX2 1 E2B,2

+E2B2) - (E<?B,2 + E,?B2 + E”B,2 + BZE, %+
(33)
+B,2E2 + B2E,?) + 4(E«E,B,B, + E,E,B,B+

+EzEszBx)] +ct [ (Bx4 + By4 + Bz4) +
+2 (B32B,2+ B,2B7 + BZZBXZ)].

Simplifying,
1 2
op _ 2 2 2
%a' a-a,;—(Ex +E, +EZ) +
+2¢2 (E2 + E,? + E2) (B + B,2 + B2) -

22 [Z(EXZB_,,Z +E,2BA2+ E2B2+ (34)

+B2E,2 + B,2E,2 + B2E,?) - 4(ExE,B.B,+

E,E,B,B, + EZEXBZBX)] + 0t (BE+ B2+ B2)

which is further simplified to

1
— P = (E"’ + 2C2E%B? + c“B“) -
Eel"l"l

—402[(EyBZ -B,E) +(EBx-BEY+ (35

+(EcB, - BXEy)Z].

Making use of the definition of the Poynting vector from
(15), we obtain
oPoas = €, (E2 +c? 82)2 -
(36)
~4e2,? |(Ex B)y? + (Ex B), 2 + (E x B),?|

and finally
4
0P = € (E2 + B2 - S (5¢+82+57). (37)
Substituting in (25), the transverse term becomes

1 [egm (E?+ 8% - Ci; sz}

& =—
L 4/10

(38)

whereUen = 3 e (E? + ¢?B?) is the electromagnetic field
energy density.

4.3 Electromagnetic field strain energy density and the
photon

S is the electromagnetic energy flux along the direction of
propagation [6, see p.62]. As noted by Feynman [8, see
pp.27-1-2], local conservation of the electromagnetidfiel
energy can be written as
OUenm

oS
where the ternk - j representing the work done on the matter
inside the volume is 0 in the absence of charges (due to the
absence of mass [3]). By analogy with the current density
four-vectorj” = (co, j), whereo is the charge density, arjds
the current density vector, which obeys a similar consermat
relation, we define the Poynting four-vector

(40)

S” = (CUem: S), (41)

whereUq, is the electromagnetic field energy density, &d
is the Poynting vector. Furthermore, as per (&))satisfies

8,S" = 0. (42)

Using definition (41) in (39), that equation becomes

1 4
& = v S, S (43)
The indefiniteness of the location of the field energy reférre
to by Feynman [8, see p.27-6] is thus resolved: the elec-
tromagnetic field energy resides in the distortions (transy
displacements) of the spacetime continuum.
Hence the invariant electromagnetic strain energy density
is given by
&= iz S, S’
HoC
where we have usga= 0 as per (23). This confirms th&t
as defined in (41) is a four-vector.
Itis surprising that a longitudinal energy flow term is part
of the transverse strain energy density i%2,/uoc? in (39).
We note that this term arises from the time-space components
of (16) and (17) and can be seen to correspond to the trans-
verse displacements along thiene-space planes which are
folded along the direction of propagation in 3-space as the
Poynting vector. The electromagnetic field energy density
termUen?/uo and the electromagnetic field energy flux term
S?/upc? are thus combined into the transverse strain energy
density. The negative sign arises from the signature- ()
of the metric tensop™”.

(44)
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This longitudinal electromagnetic energy flux is massle§s Discussion and conclusion

as it is due to distortion, not dilatation, of the spacetirae-c In this paper, we have analyzed the strain energy density of
tinuum. However, because this energy flux is along the dir(%ﬁé spacetime continuum BTCED and evaluated it for the
tion of propagation (i.e. longitudinal), it gives rise t@tparti- oo ctromagnetic stress tensor. We have found that thestrai
ple aspect of the electromagneticfielld, the photon. As sho rgy density is separated into two terms: the first one ex-
in[9, see pp. 1_74'5]_[1_0’ SEep. 58], In the quantum theorygjssses the dilatation energy density (the “mass” longiald
electroma_gnetlc radiation, an |ntenS|t_y operator derfvenh_ term) while the second one expresses the distortion energy
th_e quntlng vector h_as, as expectation value, photonin Hénsity (the “massless” transverse term). We have fourtd tha
direction of propagation. ~the quadratic structure of the energy relation of Speci& Re
This implies that the gc)? term of the energy relation of agjyity is present in the strain energy density of the Elasto
Special Relativity needs to be separated into transverde 8Pnamics of the Spacetime Continuum. We have also found

longitudinal massless terms as follows: that the kinetic energypc is carried by the distortion part of
. the deformation, while the dilatation part carries only tbst
2 24 a2 A2 2
E? = p?c* + pic? + pic (45) mass energy.
& massless &, We have calculated the strain energy density of the elec-

tromagnetic energy-momentum stress tensor. We have found

wherep, is the massless longitudinal momentum density. Erat the dilatation longitudinal (mass) term of the stram e
quation (39) shows that the electromagnetic field energy dengy density and hence the rest-mass energy density of the
sity termUem?/ o is reduced by the electromagnetic field erphoton is 0. We have found that the distortion transverse
ergy flux termS?/uoc? in the transverse strain energy der(massless) term of the strain energy density is a combina-
sity, due to photons propagating in the longitudinal dict tion of the electromagnetic field energy density tewg?/uo
Thus the kinetic energy is carried by the distortion partef tand the electromagnetic field energy flux te®%yuoc?, cal-
deformation, while the dilatation part carries only thetresulated from the Poynting vector. This longitudinal eleetr
mass energy, which in this case is 0. magnetic energy flux is massless as it is due to distortion,

As shown in (9), (10) and (11), the constant of propoRot dilatation, of the spacetime continuum. However, be-

tionality to transform energy density squard®) into strain cause this energy flux is along the direction of propagation
energy density&) is 1/(32«): (i.e. longitudinal), it gives rise to the particle aspecttiof
electromagnetic field, the photon.

1 2
& = Tonr [pcz] (46) Submitted on January 7, 2012ccepted on January 11, 2013
0
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Liquid Metallic Hydrogen lll. Intercalation and Lattice Exclusion Versus
Gravitational Settling and Their Consequences Relative to Internal Structure,
Surface Activity, and Solar Winds in the Sun
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Invocation of a liquid metallic hydrogen model (Robitaille P.M. Liquid Metallic Hydro-
gen: A Building Block for the Liquid SunProgr. Phys, 2011, v. 3, 60-74; Robitaille
P.M. Liquid Metallic Hydrogen II: A Critical Assessment of Current and Primordial He-
lium Levels in Sun.Progr. Phys, 2013, v. 2, 35-47) brings with it a set of advantages
for understanding solar physics which will always remain unavailable to the gaseous
models. Liquids characteristically act as solvents and incorporate solutes within their
often fleeting structural matrix. They possess widely varying solubility products and
often reject the solute altogether. In that case, the solute becomes immiscible. “Lattice
exclusion” can be invoked for atoms which attempt to incorporate themselves into liquid
metallic hydrogen. In order to conserve the integrity of its conduction bands, it is antic-
ipated that a graphite-like metallic hydrogen lattice should not permit incorporation of
other elements into its in-plane hexagonal hydrogen framework. Based on the physics
observed in the intercalation compounds of graphite, non-hydrogen atoms within lig-
uid metallic hydrogen could reside between adjacent hexagonal proton planes. Conse-
quently, the forces associated with solubility products and associated lattice exclusion
envisioned in liquid metallic hydrogen for solutes would restrict gravitational settling.
The hexagonal metallic hydrogen layered lattice could provide a powerful driving force
for excluding heavier elements from the solar body. Herein lies a new exfoliative force
to drive both surface activity (flares, coronal mass ejections, prominences) and solar
winds with serious consequences relative to the p—p reaction and CNO cycle in the Sun.
At the same time, the idea that non-hydrogen atomic nuclei can exist between layers of
metallic hydrogen leads to a fascinating array of possibilities with respect to nucleosyn-
thesis. Powerful parallels can be drawn to the intercalation compounds of graphite and
their exfoliative forces. In this context, solar winds and activity provide evidence that
the lattice of the Sun is not only excluding, but expelling helium and higher elements
from the solar body. Finally, exfoliative forces could provide new mechanisms to help
understand the creation of planets, satellites, red giants, and even supernova.

Science is a living thing, not a dead dogma. It fol- which it is comprised must be identified, 3) stellar data must

ig‘l';’;éihsa;g?:e"ﬁ?hsxﬁ;ldygﬁ :;)E’ptrﬁsﬁﬂ' dlpeant dl ttg' be acquired, and 4) the properties of earthly materials, whose

the death your right to say it, mus’t be our underlying phys'ics might providg at Ieast'some level of unders.tanding
relative to astrophysical questions, must be taken into ac-

principle. And it applies to ideas that look like non- ) -
sense. We must not forget that some of the best ideas ~ COUNt. While such an approach cannot be assured of definitive

seemed like nonsense at first. The truth will prevail conclusions, it can nonetheless provide a framework through
in the end. Nonsense will fall of its own weight, by which the stars can be “understood”. Within this context, so-
a sort of intellectual law of gravitation. If we bat it lar and stellar observations become paramount, as they alone
about, we shall only keep an error in the air a little can dtfer the necessary clues to build realistic models of the
longer. And a new truth will go into orbit. stars. Astrophysical data forms the proper foundation for any

mathematical treatment. Devoid of observation, theory lacks
guidance and leads to stellar models stripped of physical re-

1 Introduction ality.

As humanity will always be unable to conduct experiments The postulate that the solar body exists in a liquid state [2,
on the stars, insight into stellar physics can only be gained3jhhas substantial implications with respect to internal struc-
four steps: 1) the phase of the solar body must be propetlye and photospheric activity. To understand how the pres-
ascertained from observational evidence, 2) the substancerafe of layered graphite-like liquid metallic hydrogen [2, 3]

Cecilia Payne-Gaposchkid, p. 233]
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might alter our insight relative to the Sun, one must turn tetructural foundation, but the entire set of solar observations
wards condensed matter physics and the intriguing phendmaeomes easily understood [2, 3, 10, 14, 15, 20]. Unlike the
ena associated with both graphite and liquid metallic hydrgaseous models and their reliance on magnetic fields to ex-
gen. The consequences are far reaching, touching upon piain all aspects of solar activity, the liqguid model can se-
tually every aspect of astrophysics and provide an elegante answers without recourse to such phenomena. Magnetic
setting through which one can begin to understand the mfiskds become anffect, not an underlying cause. At the same
complex observations. Condensed mattérs many advan- time, there are ramifications associated with condensed solar
tages not available to gaseous solar models and numemoaster, especially with respect to gravitational settling, so-
facts now support a liquid state [4—20]For instance, evi- lar activity, and nucleosynthesis. These should be addressed
dence suggests that the solar body and the photospherebati in the context of existing gaseous models and of the new
behaving as condensed matter [2, 3, 10, 14, 15, 20]. It is fiquid models of the stars [2, 3].

simply that the photosphere gives the appearance of a surface
as a result of opacity changes: it is acting as one [14]. The
same can be said of every structural element on the Sun, in-
cluding sunspots, faculae, and granules [15, 20]. The solar
body is also behaving as a liquid in sustaining the oscillations
which currently occupy helioseismologists. Seismology is a
science of the condensed state [10]. Thus, there can be little
doubt that the body of the Sun is condensed matter. C

Though Gustav Kirchh® had promoted the idea that the
photosphere was liquid, the prevailing models of the period
already focused on the gaseous state [21]. By 1865, con-
densed matter merely floated on the gaseous solar body [21].
Fragmented liquid or solid surfaces continued to survive as a
strange addition to gaseous stars [21], but the idea that thy 1: Schematic representation of the layered hexagonal lattice
were fully liquid never truly materialized in modern astrorstructure found within graphite and proposed for the liquid metallic
omy [21]. Finally, liquid stars were definitively abandoned ihydrogen lattice of the Sun.
the days of Sir James Jeans, their last major advocate [22].
Jeans had been unable to identify a proper structural mate&ial
for his models [22].

Then, in 1935, Wigner and Huntington proposed th&he prevention of solar collapse has always been a central
pressurized hydrogen could assume a low energy configiRblem with the gaseous models. Theoretical arguments
ration with graphite-like lattice order (see Fig. 1) [23]. Iivere based on the existence of both gas and radiation pres-
doing so, they unknowingly provided Jeans with a candidatéres in order to balance the masses of the stars against the
for the solar substance [2, 3], though it is likely that he réarces of gravity. In the days of Arthur Stanley Eddington, ra-
mained unaware of their solution’s value. A layered graphitdiation pressure was believed to play an important role in pre-
like structure was critical to proper solar modeling, as th{&nting solar collapse [26]. Over time, this process became
lattice configuration was closely linked with the study of thegienerally restricted to supermassive stars [27, p. 180-186].
mal emission on Earth [24,25]. Carbon-based materials, sgHar collapse was prevented by gas pressure [27, p. 132] and
as graphite and soot, are the closest naturally occurring ediation thought to contribute only a tiny fraction of the re-
amples of blackbodies [24,25]. Consequently, they have céired forces [27, p. 212].
tinued to be vital in the production of such cavities in the lab- The idea that gas pressure could exist within a star was
oratory [24,25]. Thus, a hydrogen based lattice which coiwkward. On Earth for instance, the atmosphere can be up-
adopt a graphite-like structure provides an interesting frank&ld by gas pressure as the planet has a surface through which
work for assembling the Sun. Wigner and Huntington [28pS atoms can build positive pressure. Furthermore, the pres-
had endowed astrophysics with the perfect candidate for §gre-volume relationship developed using the ideal gas law
lar material. implied enclosures and rigid surfaces. It was their presence

In this work, we wish to briefly highlight some of the asthat gave meaning to gas pressure precisely since a rigid com-

trophysical benefits which accompany a liquid metallic hy_artment defined the volume of interest. But within gaseous
drogen [23] model of the Sun [2, 3]. Through the liquid moatellar models, there are no surfaces. As such, no mechanism

del, not only are features on the solar surface given a prof¥iSts for speaking of gas pressure. _
In his classic text, Donald Clayton would describe the

“The senior author has provided a complete list of his relevant paper®f@blem as fOII_OWS: T_he microscopic source of pressure in
help facilitate the study of this new model. a perfect gas is particle bombardménthe reflection (or

Solar collapse versus incompressibility
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absorption) of these particles from a real (or imagined) sunamic peculiarity of a degenerate gas: the temperature no
face in the gas results in a transfer of momentum to that slonger corresponds to kinetic energy. The electrons in a zero-
face. By Newton’s second laf# = dp/dt), that momen- temperature degenerate gas must still have large kinetic en-
tum transfer exerts a force on the surface. The average foergy if the density is gre&a28, p.104]. In fact, Fowler’s
per unit area is called the pressure. It is the same mechdreatment was so theoretically powerful and the arguments so
ical quantity appearing in the statement that the quantity efegant [30], that gaseous stellar models now dominate as-
work performed by the infinitesimal expansion of a containe@dnomy. Nonetheless, no mechanism existed for generating
gas is dW= PdV. In thermal equilibrium in stellar interi- gas pressure within Sun-like stars behaving as ideal gases [27,
ors, the angular distribution of particle momenta is isotropiqy. 130-132]. Fowler’s solution addressed much later stages of
i.e., particles are moving with equal probabilities in all direcstellar evolution [30].
tions. When reflected from a surface, those moving normal to Conversely, liquids are, by their nature, essentially in-
the surface will transfer larger amounts of momentum thaampressible. Thus, the problem of solar collapse does not
those that glanceffat grazing angles[28, p. 79]. Clayton’s occur within the condensed matter context [2, 3], because
footnote stated: Ih a nonperfect gas strong forces betweethe layered graphite-like structure of liquid metallic hydro-
the particles will represent an additional source or sink gjen (see Fig. 1) would act to uphold the solar mass. Still,
energy for expansions and will therefore contribute to preig-is anticipated that the hexagonal lattice of metallic hydro-
sure' [28, p. 79]. gen can become slightly compressed with increasing internal
There are two problems with Clayton’s argument. Firsipolar pressures. The essentially incompressible nature of lig-
surfaces do not exist within a gaseous Sun. Secondly, Uils implies that, while resisting compression, they remain
modeling the stars using the ideal gas law, astronomy wject to pressureffects to a small extent. Therefore, it
requiring elastic collisions between atoms. Yet, if the collis reasonable to anticipate that liquid metallic hydrogen be-
sions are elastic, an atom which is moving towards the igomes more metallic farther in the solar interior assuming a
terior of the Sun could transfer all of its momentum to arype Il lattice [2, 3]. The lower pressures of the photosphere
other atom, without reversing its own direction towards thgould be conducive to supporting a less dense solar lattice
exterior. In fact, it would simply propel a stationary atom i(iType-l) with associated decreased metallicity [2, 3]. Con-
the interior further inside the Sun. This principle has begarsely, since the Wilsonfiect [31] implies that sunspots are
well established in the game of billiards. The cue ball caepressed relative to the photospheric level, it is reasonable to
remain completely stationary upon transferring essentially @ifer the presence of a Type-Il lattice with its increased metal-
of its energy to another ball. It is only when a ball hits thigity in these structures [2,3]. In addition, as facular material
banks of the billiard table, or makes use of spin and frictiongl tightly associated with sunspots and may well have been
forces associated with the table surface itself, that it can egected from such regions, it was not unreasonable to extrap-
verse its momentum. This explains, in the simplest termgate that their increased metallicity occurs as a result of as-
why gas pressure cannot exist within a gaseous Sun degithing a Type-II lattice, despite the fact that they appear to
of real surfaces and subject to elastic collisions. No net fort@at on the photospheric surface [20].
can be generated with “imaginary surfaces” as the particles
have e_qual probabilities of movi_ng in all directions_ and_ trang- 5 avitational Settling Versus Restricted Dffusion
fer their momentum perfectly with no change of direction. A
real surface is required to generate a net directional force aMdhin the context of the gaseous models [32, 33] atoms and
such structures cannot exist within a gaseous Sun. Therefisras can difuse freely within stellar bodies. At the same time,
modern solar models are unable to prevent internal collajséece certain elements are heavier than others, it could be ex-
by resorting to gas pressure. In the absence fifcgent ra- pected that they would slowly move towards the interior of a
diative forces, gaseous stars collapse. star through the action of gravitational settling. In fact, such
At the same time, the use of gas models introduced mahgoncept was advanced to explain the lack of helium lines
complications in astronomy. The first was summarized in Eii-certain B type stars [34]. Long before, Henry Russell had
dington’s concern regarding internal heating, as stars becanigimized the idea that heavy elements were gravitationally
increasingly dense:|‘can hardly see how a star which hasettling in the Sun: It does not appear necessary, therefore,
once got into this compressed condition is ever going to getassume that downwardfision depletes the sun’s atmo-
out of it. . . Imagine a body continually losing heat but with irsphere of the heavier elements, though the possibility of such
syficient energy to grow cold29, p. 172]. Ralph H. Fowler an influence remairig35, p. 59]. Of course, gravitational set-
would solve Eddington’s dilemma. In 1926 [30], he adaptéking could potentially invalidate all elemental abundances in
Fermi-Dirac statistics to stellar problems (e.g. [27, p. 118tellar atmospheres obtained from spectroscopic lines.
128]). Stars could now grow cold. Donald Clayton high- Kippenhahn and Weigert discussed both temperature and
lighted the salient aspects of Fowler’s solutio:h& physi- pressure dfusion (gravitational settling) in their text on
cal basis for the resolution of this problem is the thermodyStellar Structure and Evolutidri27, p.60-61]. They con-
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cluded that temperatureftlision was astrophysically irrele-

vant in the Sun and that filision dfects were, in general,

important only in “special cases” not including the Sun [27,

p.60—61]. Today, theffect of gravitational settling has been ©

included in the calculation of standard solar models [32, 33]. ® [ ]

In part, this was because it improved the agreement with the

p-mode oscillations from helioseismologyotie of the prin-

cipal improvements that has been made in recent years is to

include in the calculations thefects of element glusion. In

the absence of an external fieldffdsion smooths out vari-

ations. However, in the case of the Sun, the stronger pull

of gravity on helium and the heavier elements causes them

to slowly dffuse downward (towards the solar interior) rela-

tive to hydrogen ... Models that include at least helium dilg-_ 2 Sch , , ‘ . lati q

fusion agree with helioseismological determinations of th'eé’r'] cérbocn :Ir: rit:nt;egrr:fsgﬁéfge&::n :;terca ation compound.
. . . . - yers of pristine graphite.

depth of the convective zone, while neglectingudion en-

tirely leads to disagreement with the helioseismological data

[33]. Gravitational settling was empraced; for' gaseous m%d changes in intralayer or in-plane ordering, magnetic
els had no other means of accounting for helioseismologigalsitions, and superconductive transition. Structural phase
observations. transitions have been induced by variation of the tempera-
Within a liquid metallic hydrogen model of the Sun, theyre, pressure, and in some cases by variation of the vapour
free difusion of the elements becomes highly restricted, Bfessure of the intercalahf39, p. 55-56]. The presence of
the layered lattice structure of the solar body acts to inhifitercalated atoms can weaken the interlayer attractive forces
the flow of atoms. Rapid diusion of elements should occukyithin graphite. Since the concentrations of the intercalate
primarily in the layers between the hexagonal liquid metalan pe varied, it is possible to build intercalation compounds
lic hydrogen planes. Such motion may be facilitated by |a{herein many adjacent graphite layers are interrupted by the
tice distortions in the hexagonal hydrogen planes in a mangetasional intercalate layer (see Fig. 3). The stage ingex,
similar to that observed in graphite intercalation compoundaracterizes the number of graphite layers between interca-
lation layers (e.g. [39] and [43, p.88]). In the laboratany,
4 Intercalation and Graphite usually ranges from 1 to 10 [39].

Graphite [36—38] can be made to interact with various rea-
gents such that non-carbon atoms occupy lattice points be- O OO OO O
O

tween the hexagonal carbon planes forming intercalation Og;( ) %: ;< )g ;( 28—
compounds [39—-43]. Layered intercalation compounds (see

Fig. 2) are created when intraplanar binding forces are much Oﬁ%*——'oﬁ%
stronger than interplanar forcesTHe most important struc-

tural characteristic of graphite intercalation compounds is O%%O
the occurrence of separate graphite and intercalate layers Oﬁ%O

due to the very strong intraplanar binding and the weak in- 0%%%@

terplanar binding. Thus, the graphite layers retain the basic

properties of pristine graphite, and the intercalate layers be- O%O
Q

have similarly to the parent intercalate matefi§iB9, p. 36].

In the graphite case, the hexagonal plane excludes non-
carbon atoms, the intercalant. In doing so, intercalant atoms

Oﬁ%@@
can profoundly alter the electrical, thermal, magnetic prop-
erties of graphite by acting as electron donors (i.e. Li, K), OWO
or acceptors (i.e. FeglHF, BFs), to the hexagonal plane O%%
[39-43]. As a result, graphite intercalation compounds can o%%o

range from superconductors to insulators [39] with their con-

ductivity often exceeding that of classic metals [43, p. 190]. OTH?—%@%O——O'Q:O

They consequently occupy an important place in solid state

physics. Graphite intercalation compounds can also undeFig 3: Schematic representation of the stage index, n, in an interca-
phase transitions includingchanges in interlayer ordering late compound, where=n6.
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Graphite intercalation compounds are known to reliemeany years of study as the liquid metallic hydrogen model
internal strains by undergoing exfoliation [39, p. 9] wherelnf the Sun is adopted. &ice it, for now, to address these
a great expansion along the c-axis (see Fig. 1) occurs usubtfigfly.
due to elevated temperatures [44]. The temperature required
for exfoliation is linearly dependent on applied load again5tl Solar Winds
the sample [44.]' _ngher breakgway temp(_aratures, or ternq(r31rfnodern gaseous models, magnetic fields are thought to be
atures of exfoliation, are required under increased pressure, . . o

. . : . . roduced by the flow of isolated charged particles within the
Expansions of the c-axis lattice dimensions of up to a felp-

tor of 300 have been reported [44]. These can be violeﬁ?lar body. In order to prevent collapse, the Sun remains in

. . . drfect hydrostatic equilibrium wherein the forces of gravit
even explosive, events wherein layers of material can be t8rn y 9 9 y

; € balanced by gas and radiation pressure [27, p. 6—7]. How-
aV\/AragSfiZT;]r)\e_Llfggerggggrs;?;tl:éi&steoe}e.gé([a?;Qt,)gi.r?] Z?(d([eﬁéigr, the preservation of hydrostatic equilibrium severely lim-
1?r. m the ar .hit izt rcalated com ndg Ther I? ntprlt%a" proposals advanced for the existence of solar winds. An

0 € graphite intercalated compound. The resuftant pros ject in equilibrium cannot easily be driving material away
ucts are characterized aspongy, foamy, low-density, high;

o from itself.
surflacet-_area gaébolz n;]atertlail{;j& |O.f403]. d detailed studi Conversely, in a condensed model of the Sun, a layered
artin and brokienurs [44] per orn?‘e etailed st 'qﬁquid metallic hydrogen lattice exists (see Fig. 1) which is
of exfoliation which involved the fect of “restraining loads do
on suppressing the onset of exfoliatl¢43, p. 406]. Enoki et tice restricts the translation of protons within each hexagonal

al. describe the, situation as f(_)llowsACcordmg to [Martin hydrogen layer while permitting electrons to flow in the asso-
and Broklehurst’'s] model, the intercalate undergoes a phaé%

h to th h torming disk-shaned bubbl 1ated conduction bands [2]. The ability to create conduction
change fo the vapor phase, Torming disk-shaped bubbles, gt o provides the interatomic binding forces needed to sta-
radiusr and height { in the interlayer region between gra-

hite bl th ket lating i ai bilize the hydrogen framework. Proton-proton distances are
phite planes, with gas pockets accumulaling In Certain fesqyicted in order to establish optimal quantum mechanical
gions where dfusion is facilitated by the presence of defect:

L Zonditions for these conduction bands. This alone stabilizes
Exfoliation then occurs when the gas pressure exceeds thedl]ré

o ) ' lattice. Since hydrogen atoms possess a single electron
ternal stress parallel to the c—a><|$_43, p- 406]. _Expres§|ons and these are restricted to the conduction bands, no conven-
for the forces involved can be derived, assuming the ideal

¥hal bonding can occur. All elements other than hydrogen

law [44]_' ) ] would be excluded from the hexagonal layer in order to main-
Lattice exclusion remains the central lesson of these X, its structural integrity and electronic structure. Protons

periments: the graphite hexagonal planes continue to exclgdfiq pe thought of as constantly working to expel elements
the intercalate and struggle to remajristine’ even at the o the hexagonal planes. This would severely limit the flow
cost of exfoliation. Such behavior has strong ramificatiops non-hydrogen elements. Each hydrogen layer would act
when considering the graphite-like liquid metallic hydrogegy 4 parrier to diusion along the c-axis (see Fig. 1), while
lattice believed to exist within the Sun [2, 3]. providing a channel for rapid elementalidision in the re-

gion between two hexagonal layers. Herein can be found the
5 Intercalation and Stellar Matter driving force for the solar winds and the variable elemental

Graphite’s tendency to remain pristine and exclude other %(l)_mposmons they present due to solar activity [3].

ements from its hexagonal plane, even through the proc
of exfoliation, has important consequences for solar physi
Thermal emission arguments have led Robitaille [2] to pds- the gaseous models of the Sun, solar flares and coronal
tulate that liquid metallic hydrogen in the Sun must adoptass ejections are considered to be magnetic phenomena
a graphite-like layered arrangement. Should this be corrddg—48] and are produced by invoking magnetic reconnec-
then liquid metallic hydrogen should be excluding other dlon [49, 50]. As a gaseous Sun is devoid of a real surface,
ements from its hexagonal plane and constantly workingrio other means of generating the required energy is avail-
drive them out of the solar body. Such lattice exclusion aadle: “The magnetic energy stored in the corona is the only
the possibility that stars might undergo processes like exfol@ausible source for the energy released during large solar
tion could play a crucial role in at least five separate aspectdlafes. During the last 20 years most theoretical work has
solar and stellar dynamics: 1) supplying the driving forces fooncentrated on models which store magnetic energy in the
solar winds, 2) generating the settings for flares, coronal massona in the form of electrical currents, and a major goal of
ejections, and prominences, 3) accounting for the eleven ypaasent day research is to understand how these currents are
solar cycle, 4) providing an alternative explanation for planeteated, and then dissipated during a flafg0]. In such a

and satellite formation, and 5) explaining the existence of recenario, the corona provides the driving force for expelling
giants and supernovae. Each of these areas could consatams from the Sun.

minated by hexagonal hydrogen planes [2, 3]. Such a lat-

S _— .
gsf Flares, Coronal Mass Ejections, and Prominences
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Solar flares are well known to produce helium abundantte depth of formation. Magnetic fields are not required to
enhancements (HEA) and have been suggested as the caysedfice these phenomena. They are merely altered by their
significant®He HEAs [45]. In an impulsive flare, ti#le/*He presence.
ratio can be assumed to approach 1 [51] and thousand-fold
enhancements of the ratio have been reported [52] . Solar 818 The Eleven Year Solar Cycle

ergetic particle events can result in 100-10,000 fold enhanzl:

. ) ﬁé existence of the eleven year solar cycle remains incom-
ments of heavy element to oxygen ratios relative to the UStely understood [61-66]. Nonetheless, increased solar ac-
corona [52]. Solar atmospheric ratios of My SjyO, FgO pletely : ’

and N¢O can all be substantially elevated with flare actl\}l-VIty 'S as_somated with changes in the solar dynamo which
) . ) T characterize the 11 year cycle [61,64]. Cycle periods as great
ity [51]. In active coronal regions, significant (3—4 fold) ele: . )

. v T 7 7mas 2,400 years have been postulated [66]. Solar inertial mo-
mental enhancements of elements with a first ionization po-

tential (FIP) less than 10 eV can be observed with respec%?n (SIM), wherein the location of the center of the Sun's

the quiet photosphere [53,54]. Within bright active regions r%iSSI;ntaTse %ngg]ys;zr; t()jg(fatr? gg;b?;g sr:;:t;)gx;?btecg:se
further twofold elemental enhancement can be detected [0 increased activit); Still, as Cionco and Compgnucci high-
The absolute abundance of potassium and calcium are greater ", o . :
in flare plasma than in the photosphere [54] e!lgﬁf at present there is no clear physical mechamsm relat-
Magnetic reconnection [49, 50], the phyéical mechani I%ﬁ these phenomeh[ﬁ4]. How can planetary rotations anq
N, t EE associate®IM trigger solar activity? Perhaps the Sun is

invoked to drive solar flares in the gaseous models, can fhag di dioi d ; bul d
easily account for the variable elemental abundances ass%éle-a y predispose tq increased suriace wr ulence and re-
. S quires only a simple disturbance to initiate activity. In this
ated with flares and coronal mass ejections [56,57]. As a - )
) ! rogard, insight can be gained from the condensed model of
parallel, models of quiescent coronal loops result ina 10 fo[ﬁe sun [2,3]
) o i ,3].
excess of helium to hydrogen when a 10% helium abundanceIn the context of a liquid metallic hydrogen model [2, 3],

is assumed for the chromosphere [58]. Such tremendousr?c))(ﬁ—hydrogen elements reside in the layers between hydro-

cesses of helium call for much lower chromospheric helium ; :
n hexagonal planes forming an intercalate arrangement (see

. . . .ge
abundances, but these are incompatible with levels requeIg 2). With solar nuclear activity (see section 5), these in-

to account for helium in the solar winds [58]. In additiorx

in order to explain O and Ne abundances in the fast SQerrplanar regions become increasingly populated and possible

winds, a coronal He abundance of 20-40% is required [5 _ercalate Iat_tlce pomts occupied. Eventually, localized .sat
o L ation of a given intercalate layer takes place. The maximal
The model assumes gravitational settling in the corona [59], . . :
AR ; cgncentration of intercalating atoms has been reached. When
which is highly unlikely to take place. As such, the gaseoys . .
. Is occurs, only slight disturbances, such as found through
models are struggling to coherently resolve elemental abuns =~~~ = ; : o
. ; : . Solar inertial motion, could trigger solar activity and cause
dances in the solar winds as a result of the interaction betwéen. : L
.Ihe intercalate atoms to be ejected from interior layers. Solar
coronal loops, the chromosphere, and the corona. The situa: . . . :
. ) ; . activity then becomes linked to the need to eject saturating
tion relative to understanding elemental abundances in flares
o . evels of non-hydrogen elements from the solar body. As the
and coronal mass ejections is equally tenuous. -2 .
rate of nuclear activity must remain rather constant over the

Long ago, Friedrich Aliner recognized that solar flare%jmeframes involved, the Sun is constantly building elements
required regions of increased pressure in the solar interior ' y 9

[60]. He placed a liquid layer within his gaseous Sume" IN'Its interior (see section 5), degassing, a_nd repeating the en-
S .ttre process. The driving force for degassing becomes lattice
must therefore conclude that the layer of division consists |~ : . -
. o exclusion, but the trigger to release the instability may, or may
of an incandescent liquid60]. The need to generate pres- - . :
L . . L not, remain linked to solar inertial motion.
sure was justified, but could not easily survive within a fully
gaseous solar model.

In the liquid metallic hydrogen model of the Sun, sol
flares, coronal mass ejections, and prominences can beTée formation of planets around a star presents unique chal-
plained by the process of intercalation and exfoliation, as denges to astronomy. Many ideas have surfaced and are taught
scribed above by Martin and Broklehurst [44]. The pressureintroductory astronomy courses [67, p.285-290]. With
anticipated by dliner [60] is produced when the intercalatéme, Laplace’s Nebular Hypothesis [68, 69], initially pro-
atoms increasingly populate the region between two adjacpased by Emanuel Swedenborg [70, p. 240-272], evolved in-
hydrogen layers. A rapid increase in temperature in this te-the Solar Nebular Disk ModeSNNDM) [71]. The latter
gion, presumably due to localized nuclear reactions (see samtinues to be the most widely accepted theory for the for-
tion 5), generates a gaseous phase whose elevated presmaten of the solar system [71]. Yet, the problem of planet
manifest as solar activity. Therefore, solar flares, cororaald satellite formation is far from resolved (e.g. [72—74]). In
mass ejections, and prominences share a common megaat, this is because the planets cannot be currently conceived

nism of formation. Their subtle fferences result only fromas ejected from a young active gaseous solar mass. The prob-

a§.4 Planet, Red Giant, and Supernova Formation
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lem is removed when the Sun becomes condensed mattermedence of magnetic fields on the Sun [80], his leadership
exfoliative forces can be harnessed to promote planet forrraeonstructing four record setting telescopes (at Yerkes (1),
tion, especially for the solid planets of the inner solar systeMount Wilson (2), and Palomar (1) [81]), and his role in es-
The central requirement appears to be that interlayer elemg@flishing theAstrophysical Journa[82], it is not surpris-
tal abundance must be permitted to increase dramaticallyrig that The Study of Stellar Evolutiofr9] has profoundly
one region of the solar interior, followed by ejection from thaffected the course of modern astrophysics. George Ellery
hydrogen lattice. Over time, the Sun could thus transfer sofale’s interest in stellar evolution [28, 83—-87] was certain to
of its angular momentum to the planets. A similar approaelcend to a preeminent position in modern astronomy. At the
could be utilized to help explain satellite formation arourghme time, since prolonged biological evolution was also as-
the giant planets, as they are also rich in hydrogen [75—77Fociated with increased functional abilities, astronomers
On a tangential note, exfoliation might well account fauickly adopted the same concepts relative to the stellar evo-
the very low density and great dimensions of the red gianitgfjon. As stars aged their core temperatures increased and
as the experiments of Martin and Broklehurst suggest [4gJadually acquired the ability to make heavier elements. As-
A red giant would remain condensed matter in that it wd®nomers began to see the stars not only as progressing
formed through a process of exfoliation from a star whidhrough a life cycle, but also, as endowed witffetient syn-
had permitted a nearly uniform stage index to develop in tfetic abilities. Older stars possessed hotter cores, and hence,
interior. A trigger finally turned the intercalate rapidly inte¢ould sustain nuclear processes thought to require higher tem-
the gaseous phase resulting in a red giant. In the final geratures — the synthesis of heavier and heavier elements. On
panded star the dimensions would be enormous and the dba-surface at least, the theory was elegant with the excep-
sity greatly reduced, despite the preservation of condenged of one very serious consideration: the gaseous Sun was
matter for the metallic hydrogen framework. Interlayer g&keprived of the ability to directly synthesize the elements.
pressure between the layers of the expanded star would helg=arly on, the fathers of stellar nucleosynthesis, such as
to maintain its structural integrity. Supernova could be engamow [88, 89], Bethe [90-92], von Weéasker [93], and
sioned as produced in a similar manner, but with non-unifofrioyle [94, 95] would advance the idea that helium could be
staging in the interior. For instance, a band or core of interdalt from hydrogen within the stars. From the onset, nucle-
late material in the precursor star rapidly enters the gas phasgnthesis was linked to stellar evolution [88, 89]. Gamow
and explodes its liquid metallic hydrogen envelope, whikelieved that tlifferent rates of energy liberation must be due
compressing its hydrogen core. In the end, the advantatfediferent physical conditions inside the stars and chiefly to
of adopting a liquid metallic hydrogen model for the Sun affifferences in their central temperattif@3, p. 116]. The p—p
numerous and its consequences extend much beyond the $eggation [90], which assembled helium directly from proton
system. combinations while relying on positron and neutrino emis-
sion, was believed to be active only in low weight main se-
quence stars [83, p.118]. However, for stars larger than the
Sun much of the synthesis 6He came from the carbon-
With the publication of theOrigin of Specied78] Charles nitrogen-oxygen (CNO) cycle which had been independently
Darwin would send shock waves not only throughout the iroposed by Bethe and von Weizker [91-93]. Interest-
ological sciences, but also in areas seemingly as far remoirggly, while the cycle required three elements of intermediate
as astronomy. The great American father of solar astronomight, Hans Bethe insisted thatnd element heavier than
George Ellery Hale, commented as follows in the first lif@4e can be built up in ordinary stat§92]. He argued, The
of his text devoted to stellar evolution and experimental gseavier elements found in stars must therefore have existed
tronomy: ‘it is not too much to say that the attitude of scialready when the star was formef®2]. With those words,
entific investigators towards research has undergone a raglost of the stars were deprived of their ability to make any
ical change since the publication of the Origin of Spetieglement beyond helium, despite the fact that mankind would
[79]. Hale expanded on this concept throughout his first chawentually synthesize much heavier elements.
ter, as he elegantly intertwined biological evolution and as- Bethe, of course, based his ideas on the probability of nu-
tronomy. Hale also highlighted the conflict which Herbedlear reactions in the gas phase [92, p.435]. This was ap-
Spencer [21], the prominent evolutionist, had with the asropriate for gaseous solar models. Reaction energies were
tronomers: tonvinced that the principle of evolution musferived using accelerators and nucleosynthesis in the stars be-
operate universally, and that the stars must have their orighame strictly dependent on our understanding of reactions in
in the still unformed masses of the nebulae, [Spencer] veases. The idea that many particles could be combined simul-
tured to question the conclusion that the resolution of nebulggeously within a condensed lattice would have greatly low-
into stars was only a question of resolving power. He had ngiied the energy required to synthesize the heavier elements.
long to wait .. " [79, p. 47]. Such a concept was never applied to the Sun. Soon a detailed
Given Hale’s fame as an observer for first reporting theork by Burbidge et. al [96] organized the entire field into an

6 Evolution and Nuclear Reactions in Gaseous Stars
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elaborate theory of nucleosynthesis which covered all of tsilerable focus was placed on establishing what was known
elements. This work would continue to influence nucleosyabout the Sun and the evidence it displayed with respect to
thesis in the stars until the present day [97]. Nonetheless, itlsgphase and composition [2—20]. Ample proof supports the
Sun itself had been crippled. All of the elements in the soligiea that the Sun exists in the condensed state and Occam’s
system, other than helium, had been produced by early gexzor would slice in its favor.

eration stars which no longer existed. Given the elevated levels of hydrogen in the universe
[100], a liquid metallic hydrogen framework appears not only
7 Nucleosynthesis and Condensed Matter reasonable but, in light of its thermal emission, necessary

Perhaps the greatest advantage of the liquid metallic honr2 3. The unique link between graphite and the layered form

gen model of the Sun rests in the fact that atomic positions l(o) metallic hydrogen, as first proposed by Wigner and Hunt-

. : : . ington [23], presents enormous potential to refine our concept
come restricted to lattice points and subject to the forces assg- . . X
) . d o of the stars. In this regard, graphite intercalation compounds
ciated both with solar pressures and lattice vibrations. Hydro- : . .
. ! . ring a wealth of behavioral and structural information cru-
gen is confined to its hexagonal planes and all other elemen

to the intercalate positions between the hydrogen planes. Eﬁ to understanding the heavens [33-44]. The layered nature

synthesis of helium would be driven by the need to relieve t@ﬁﬁqmd metallic hydrogen [23] would not only support the

tsct)Lasmcsocr)r:Sit:zlaletl(r)2cr)?rsnsgrgzl?tg:2r? li/lvqi(tj: rl)cl)lgi?rl)ar:tg:rfc'j -Ir;\gﬁtﬁg%nal settling. Furthermore, exfoliation in graphite interca-
emission as in the o— reaction,[98] pU on formation ﬂ?aqe compounds [44] has profound consequences, regarding

ne p-p ol UP ' “gfellar structure and behavior. Solar winds and solar activity
deuteron could immediately combine with another in-pla

S ) . ares, coronal mass ejections, prominences) become inher-
proton resulting in the formation ofHe, which would be ntly linked to preserving the hydrogen nature of the Sun [3]
ejected from the lattice plane into the intercalate layer. % Y P 9 ydrog ;

o—p reactions continue, the populatiorfsle would expand e conversion of intercalated atoms from the liquid to the
and soon continue to réact producitide, as expected fror;1gas phase, as proposed by Martin and Broklehurst [44], has

branch 1 of the p—p chain [98]. With time, the intercala%r.Ofound |mpI|ca_t|0ns tovyards driving solar activity which
. . will forever remain unavailable to gaseous models. The hy-
region would become the birthplace of all the elements. Pres-, ~ g, )
. ) . . othesis that the solar cycle originates from the degassing
sure and lattice vibrations alone can be viewed as controllin : . .
or'non-hydrogen elements and their expulsion from the in-

the reactions with protons readily available from the hexal%rior is unique to the liquid metallic hydrogen model. For
onal plane. All stars gain the ability to synthesize every elt%— !

X ) e first time, a reasonable thesis is being advanced to ex-
ment [19]. Multiple elements could react simultaneously In_. o )

. Lo : ain both solar activity and cycles. A mechanism thereby
the intercalate layer because of lattice vibrations. This gre

lowers the enerav requirements on a given species for m%(_comes available to those who believe that solar inertial mo-
gy req 9 b t8n might trigger solar activity [61—-66]. In addition, the idea

clear reaction. Eventually, as elemental concentrations bug[\at a layered metallic hydrogen lattice will choose to exclude

the stresses against the hexagonal hydrqgen planes W(?ljlncl)rr]f-hydrogen elements and sequester them within the Sun
crease. These could then break and the intercalate region ex-

pand beyond the confines of strict lattice points. IntercalatiCOUId add much needed insight relative to the formation of

n L ) : .
now abandoned in this region, thick layers of non-hydrogﬂF1e planets. E_xfohatlon of a metallic hydroger_1 lattice of uni-

. : orm stage might well account for both the size and density
elements could arise. These would continue to act as nucgf'z\{

: : . - . he red giants. Most importantly, this model enables el-
furnaces. During periods of increased solar activity, localized -
. X emental synthesis in the stars. Hexagonal hydrogen planes
changes in temperature could vaporize these areas and rel

ase . : :
newly synthesized elements to the stellar atmosphere beyﬁaIr or the p—p reactions, while the interlayers between pro-

n
. . - P(I)n planes become furnaces of more advanced nuclear syn-
the solar surface. During planet formation, such regions co%hd )

simply be expelled, with (or perhaps without) vaporization esis.
from the interior of the Sun. There is a great deal to be gained by considering a liquid

metallic hydrogen model of the Sun. Yet, in this approach,
the solar lattice appears to possess long range order on par
with solids, despite its liquid state [18]. Given the dimen-
Much speculation has beeftered in this work and the endsions involved on the solar surface, even solids might appear
result was deliberate. In order to consider the condengedct as liquids. But nonetheless, the model claims the liquid
models of the Sun, scientists must ponder upon the abiktyate as more in keeping with observation. In this respect, the
to explain the highest amount of observable phenomena iauhors emphasize that long range lattice order seems to be
manner consistent with known physics. The great solar phygieserved in the liquid metallic hydrogen framework of the
cist John Bahcall once commented&cience progresses as ghotosphere and solar body. The Sun is fully behaving as
result of the clash between theory and experiment, betweendensed matter. As such, this thesis has been built on ob-
speculation and measurem&f®9]. In earlier work, con- servation, in keeping with the philosophy of Cecilia Payne:

n from collapse, but would also severely limit any gravita-

8 Conclusions
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“The future of a subject is the product of its past, and thes.
hopes of astrophysics should be implicit in what the science
has already achieved. Astrophysics is a young science, ho\§-
ever, and is still, to some extent, in a position of choosing its
route; it is very much to be desired that presefibe should
be so directed that the chosen path may lead in a permanently
productive direction. The direction in which progress lies willg.
depend on the material available, on the development of the-
ory, and on the trend of thought . . . The future progress of thez.
ory is a harder subject for prediction, than the future progress
of observation. But one thing is certain: observation mugg-
make the way for theory, and only if it does can the science
have its greatest productivity ... There is hope that the hig]t?'
promise of astrophysics may be brought to fruitfon.

Cecilia Payne-Gaposchkin [1, p. 199-201f%
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To give the characteristics of the evolution of the collectivity in even-even nuclei, we
studied the behavior of the energy ratios R(4/2) and R(6/4). All chains of lanthanides
begins as vibrational with R(4/2) near 2.0 and move towards rotational (R(4/2) —
3.33) as neutron number increases. A rabid jump in R(4/2) near N=90 was seen. The
plot of R(4/2) against Z shows not only the existence of a shape transitions but also the
change in curvature in the data for N=88 and 90, concave to convex. For intermedi-
ate structure the slopes in E-GOS (E, over spin) plots range between the vibrator and
rotor extremes. The abnormal behavior of the two-neutron separation energies of our
lanthanide nuclei as a function of neutron number around neutron number 90 is cal-
culated. Nonlinear behavior is observed which indicate that shape phase transition is
occurred in this region. The calculated reduced B(E2) transition probabilities of the low
states of the ground state band in the nuclei *°Nd/'>?>Sm/"**Gd/'**Dy are analyzed and
compared to the prediction of vibrational U(5) and rotational SU(3) limits of interacting

boson model calculations.

1 Introduction

The interacting boson model (IBM) [1, 2] and the geomet-
ric collective model (GCM) [3-5] represent two major phe-
nomenological approaches that successfully describe nuclear
collectivity. While the IBM model is purely algebraic, based
on a bosonized form of the many-body problem with even
numbers of fermions, the GCM model follows from a geo-
metric description of nuclei using the Bohr-Mottelson (BM)
Hamiltonian [6].

Quantum phase transitions are of great interest in many
areas of physics, and their manifestations vary significantly
in different systems. For nuclear systems, the IBM reveals
rich features of their shape phase transitions [7-16]. Three
dynamical symmetries in the IBM were shown to correspond
to three typical shape phase of nuclei, known as the spher-
ical U(5) symmetry, axially deformed SU(3) symmetry and
y-soft deformed O(6) symmetry shapes. It is also known that
phase transitions coincide with transitions between dynami-
cal symmetries, with a first order phase transition taking place
in the U(5)-SU(3) transition, and a second order phase transi-
tion happening in the U(5)-O(6).

A new class of symmetries that applies to systems local-
ized at the critical points was proposed. In particular the criti-
cal symmetry E(5) [17] has been suggested to describe critical
points in the phase transition from spherical vibrator U(5) to
y-unstable rotor O(6) shapes, while X(5) [18] is designed to
describe systems lying at the critical point in the transition
from spherical to axially deformed systems. These are based
originally on particular solutions of the Bohr-Mottelson dif-
ferential equations, but are usually applied in the context of
the IBM [1], since the IBM provides a simple but detailed
framework in which first and second order phase transitions
can be studied. In the IBM language, the symmetry E(5) cor-

responds to the critical point between U(5) and O(6) sym-
metry limits, while X(5) symmetry should describe the phase
transition region between the U(5) and the SU(3) dynamical
symmetries.

The purpose of this paper is to disuse the main concepts
of the rapid changes in structure of lanthanide and actinide
nuclei by using some good indicators like energy ratios, two-
neutron separation energies and reduced electric quadruple
transition probabilities.

2 Energy Ratios and Nuclear Shape Transition

Nuclear shape phases are the manifestation of the collective
motion modes of nuclei. One of the best signatures of shape
transition is the behavior of the ratio between the energies of
the first 4% and 27 states

E(4%)

R4/2) = E2H
1

6]
along the isotopic chain. The members of vibrational nuclei
have excitation energies

E() = C(), 2

where C is the vibrational constant. So that the energy ratios

are
I1+2

R +2)[Dip = ——- 3)

The yrast energies of the harmonic vibrator can be written
as
E(I) = nE(2}), “)

where n is the phonon number. The y-ray energies within the
yrast band are given by

=E(I) - E(I-2)
= EQ2}).

ED 5)
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It is interesting to discuss the energy levels by plotting the
ratio of E,(I) to spin I (E-Gamma Over Spin) (E-GOS) [19]
against spin I. This is not helpful to identify the structure of
the nucleus, but also to discern changes as a function of spin.
Therefore, the E-GOS for vibrational nuclei can be written as

(Ey/Duir = EQD/1 (6)

which decreases hyperbolically from E(27)/2 to zero. In the
rigid rotor, the energies of the yrast states are:

E(D) =AII+1), @)

where A is the rotational parameter (A = %%/2J, where J rep-
resents the moment of inertia), so that the energy ratios are

(I +2)I +3)

R((1+ 2/1))rot = 1 + 1)

®)

Then The y-ray energies within the yrast band are given
by
E,(I)=A4I-2)

and so the E-GOS is

&)

I
_ECD - 1)
T3

(Ey/l)rot ZA(4_ %)
(10)

7]

In units of A, this evolves from 3 for I=2 up to 4 for high
I, and so gradually increasing and asymptotic function of I.
Also E-GOS for y-unstable nuclei is given by

LZI)(H%)

: 7)- (11)

(Ey/l)y—soft =

The R(4/2) varies from the value which correspond to vi-
brations around a spherical shape of vibrational nuclide
R(4/2)=2 to the characteristic value for excitations of well-
deformed rotor R(4/2)=3.33. That is, the energy ratio R(4/2)
exhibits sharp change in rapid transitional region. Even-even
nuclei can be classified roughly according to ratios R(4/2) as:

1.0 < R(4/2) < 2.0
2.0 < R(4/2) < 2.4
24 <R(4/2) <27
2.7 <R(4/2) <3.0
3.00 < R(4/2) < 3.33

To give the characteristics of the evolution of the col-
lectivity in even-even nuclei, we study the behavior of the
energy ratios R(4/2) and R(6/4). For the nuclei included in
our study, all chains of lanthanides begins as vibrational with
R(4/2) near 2.0 and move towards rotational (R(4/2)—3.33)
as neutron number increases. For intermediate structure the
slopes in E-GOS plots range between the vibrator and rotor
extremes. One particular case of interest is R(4/2)=3.0 which

for magic nuclei,

for vibrational nuclei,
for y-unstable nuclei,

for transitional nuclei,
for rotational nuclei.

traditionally marks the boundary where axial rotation begins
to set in. A very general phenomenological model is that of
the an harmonic vibrator (AHV) [20]. In this model the yrast
energies are given by

E(I =2n) = nE(ZT)@Q,

(12)
where

e = E41) —2EQ2}) (13)

is the an harmonically of the 4* state, that is, its deviation in
energy from twice the 2* energy, and n = I/2, n is the phonon
number in a vibrational nucleus. For ¢ = 0 equation (12)
gives the harmonic vibrator

1
E(I) = EE(ZT)I (R(4/2) = 2). (14)

For e, = (4/ 3)E(2f), it gives the rigid rotor expression
1
E() = 6E(2f)1([+ 1) (R4/2)=10/3). (15)
For g = E(27), it gives

E() = éE(ZT)I([ +2) (R4/2)=3.0). (16)

E(D)/1 is constant and that the E-GOS plots is flat. So,
interestingly the phase transition point (R(4/2) 3.0) roughly
serves to section E-GOS plots into two classes of increasing
and decreasing with I, so that nuclei on the vibrator side of
the phase transition are down-sloping while these to the rotor
side are up-sloping.

The systematics of energy ratios of successive levels of
collective bands in medium and heavy mass even-even nu-
clei were studied [21]. A measure of their deviation from the
vibrational and rotational limiting value was found to have
different magnitude and spin dependence in vibrational, rota-
tional and y-unstable nuclei. For a given band for each spin I,
the following ratios were constructed to define the symmetry
for the excited band of even-even nuclei

_ R(U +2)/Dexp = R(U +2)/Di
R+ 2)/Dyor = R(U +2)/ Dyiy
R +2)/Dexy — (T +2)/1
- 20 +2) ’
II+1)

r((I+2)/D)
a7

where R((I + 2)/1).,, is the experimental value of the ratio.
In equation (17), the value of energy ratios, r have changed
between 0.1 and 1 for yrast bands of even-even nuclei. The
ratio r should be close to one for a rotational nucleus and
close to zero for a vibrational nucleus, while it should have
intermediate values for y-unstable nuclei:

0.10 < r <0.35 for vibrational nuclei,
04<r<06 for transitional nuclei,
06<r<1.0 for rotational nuclei.
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3 Electromagnetic Transition Strengths

When the nucleus is deformed it acquires an electric-multiple
moment. Consequently as it oscillates, in Ay mode, it emits
electric Au radiation. Now to calculate the radiative transition
rates between vibrational states, we need the nuclear electric
multiple operator M. This is given by
ME ) = f dTp (rrAY (6, ), (18)
T
pc(7r) is the charge density of the nucleus. The electric multi-
pole moment is defined by Q,

167

— 1
24+1 (19)

1/2
0,= ( ) M(EA,0).

We now discuss the electric quadruple moment (1 = 2) in
more detail because the electric quadruple moment Q; of a
nucleus is a measure of the deviation of the charge distribu-
tion from spherical symmetry. We define the reduced transi-

tion probability as:
BE2,I; — Ip) =Yy KL M Qo M )
= s KB Q2N )P,

where [(j]|0»]|I)| is a reduced matrix element defined by the
Wigner-Eckart theorem

(20)

KGIMCEDII )]
Q2L + D2
The reduced transition probability B(E2,,K — 1K)

for an electric quadruple transition between two members of
same rotational band with quantum number K is:

GMIAMEAL W M p)| = (LM Al M)

5
B(E2,I,K — I;K) = Fe2Q3<1,AK20|1,~1<>2, (21)
T .
where Q) is the transition intrinsic quadruple moment and we
have used

Z KTy Lo | T = 20 + 1. (22)

mymy,m

For even-even nuclei, K = 0 and when I; = [ and I; =
I -2, we get the familiar relations between B(E2,I1 — [ —2)
and the intrinsic quadruple moment Qy are:

5 3 Id-1)
B(E2,1 [-2)=—QP-—————— . (23
E2I—= 1= =100 00— nar+1) &
As a special case for the transition 2% — 0%, yields
B(E2,2" — 0%) = ieZQg. (24)
167
For the transition [; = I and Iy = I + 2, yields
5 3 I+2){+1)
B(E2,] — I+2)= —e* Q- —"———"— (25
(E2T—= T+ =1 0550 nor+ 2 >

100

and for special case for the transition 0" — 27, yields

5
B(E2,0" 2ty = —
( 70 — ) 167Te

205, (26)

That is

B(E2,2" — 07) = 0.2 B(E2,0" — 2%). 27)

From equation (21), the intrinsic quadruple moment Q
for a K = 0 band of an axially symmetric rotor is extracted.
For the special transition 0* — 2%, we get

167 172

¢Q = | - B(E2.0" —127) (28)

in units of 10724 cm?.

The electric reduced transition probability B(EA) can be
obtained from the transition probability per unit time for emis-
sion of photon of energy 7w, angular momentum A and of
electric type with the nucleus going from a state i to a state f
defined by

8r(1+1) 1(E,\**V
T(ED)= ————— - | — . 29
(ED /l[(2/l+l)!!]2h(hc 29)
T(EQ) for electric quadruple has the from
Ty = 7L (Er SB(EZ) (30)
~ 7571\ he ‘

For the quadruple transition 7'(E2) can be derived exper-
imentally from the relation

n2

T(E2,2" — 0") = ———
(1 +C¥)Tl/2

€29

where «a is the total conversion coeflicient taken from the tab-
ulated values given by Rose [22] and 7/ is the half life time.
From equations (30) and (31), one can find B(E?2):

n2
(1 + Q’)Tl/z

5

B(E2,2" — 07) = @( : )
¥ d E2+

(32)

100)5 1

= 0.565502 —_
(E2+ (1 + CY)T]/Z

where B(E2) is in units of e?b*> when E,- is in units of MeV
and 7y, in units of nanosecond.

4 The two—-neutron Separation Energies

The energy required to remove a neutron from a nucleus with
Z proton and N neutron is called separation energy and is
defined as:

SW(Z N)=[MZN-1)+M, - MZN)IC®.  (33)
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Fig. 1: Systematics of low-lying yrast level energies in even-even
lanthanides Nd/Sm/Gd/Dy isotopes. The 2*, 4*, ..., 10* level ener-
gies are plotted. The states are labeled by 1.

This expression can be rewritten in the form of binding
energy as:

S.(Z N) = B(ZN) - B(ZN - 1). (34)

The definition of the two-neutron separation energies is the
following:

Son = B(N)-B(N - 1), (35)

where N denotes the number of valence nucleon pairs and it
is assumed that we are treating nuclei belonging to the first
half of the neutron shell (50 - 82) filling up with increasing
mass number.

5 Numerical Calculations and Discussions

The systematics of the excitation energies of the low-lying
states as a function of neutron number changing from 84 to
100 in the even-even lanthanides Nd/Sm/Gd/Dy isotopes in
the mass region 144—-166 and the actinide Th/U isotopes in
the mass region 224-238 are presented in Figures (1,2). Only
the yrast state of positive parity and spin I" = 2*,4%,6%,8"
and 10" has been included.

The trend of increasing excitation energy of 2* state with
decreasing neutron number, implying a corresponding fall in
deformation as the N = 82 shell closure is approached. The
energies of the 4* and 6% states also display the same trend.
For lanthanides isotopes we can see that the energy values
for each spin I states change almost linearly for N < 88 and
become quite flat for N > 90. This is consistent with the
onset of the Z = 64 sub-shell effect. Furthermore, the linear
falling of the energy value for each I state as N goes from
86 to 88 seems to justify the linear variation of the effective
proton-boson number in each isotope series.

As an example Figure (1) shows that the limits (spherical

Fig. 2: The same as Fig. (1) but for actinides Th/U isotopes.

is a smooth transition between them. The '*8Nd isotopes
could be considered as a transitional nucleus in the calcula-
tions. A rapid rise in R(4/2) between N = 88 and 90 is shown,
where it increases from values of ~2.3 typical of actual vibra-
tional nuclei to 3.0, the traditional borderline value separating
spherical from deformed nuclei to ~3.3 the limiting value of
the axial rotor model. As a matter of fact, if we compare the
X(5) results (first order phase transition from a spherical vi-
brator to an axially deformed rotor is called X(5)) with the
energy levels in '“®Nd, we find striking similarities, it sug-
gested that the nucleus '*8Nd display the X(5) symmetry.
The nature of the low-lying states in our lanthanides and
actinides chains of isotopes can be illustrated in Figures (3,4)
by examining the ratios of the excitation energies R(4/2) and
R(6/4) as a function of neutron number. The limiting values
for R(4/2) and R(6/4) for harmonic vibrator are 2.0 and 1.5
and for rigid symmetric rotor are 0.33 and 2.1 respectively.
In lanthanides the calculated values increases gradually
from vibrational value to transitional value near N=90 to rotor
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shape and well deformed rotor) are fulfilled in the Neodymium Fig. 3: Evolution of energy ratios R(4/2) and R(6/4) for lanthanides

144Nd and '52-15Nd isotopes respectively, and also that there
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Nd/Sm/Gd/Dy isotopes as function of increasing neutron number.
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Fig. 4: The same as Fig. (3) but for actinides Th/U isotopes.
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Fig. 5: The plot of R(4/2) values in the Nd/Sm/Gd/Dy region against
Z. We see change in curvature in the data for N=88 and N=90 con-
cave to convex.

value in the heavier isotopes. The energy ratios R(4/2) and
R(6/4) for even A, N=88 isotopes are essentially constant for
Sm, Gd and Dy.

The same data for lanthanides is plotted between R(4/2)
against Z instead of N, see Figure (5). We see a rapid jump
in R(4/2) near N=90. Here, the plot of R(4/2) against Z
shows not only the existence of a shape transitions but also
the change in curvature in the data for N=88 and 90, concave
to convex. For Gd nuclei for N<88 the behavior is typically
closed shell, while for N > 90 the behavior appears to be near
mid shell.

The nuclei of lanthanides region would therefore be can-
didates for a shape transition from vibrator to axially rotator
and the N = 90 isotopes '"°Nd, "2Sm, '3*Gd and "°Dy are
ideal candidates for X(5). Historically, sensitive studies [23]
of the 1>2Sm level scheme led to a suggestion that this nucleus
gave evidence for a first order phase transition [24], its R(4/2)
value is intermediate between vibrator and rotor [25]. Addi-
tional X(5) candidate in the lanthanides region have subse-
quently been identified in '°Nd [26], '3*Gd [27], '**Dy [28]
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Fig. 6: Comparison of R(I/2) and E-GOS plots for three kinds of
collective modes vibrator, rotor and R(4/2)=3 modes.
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Fig. 7: The r((I + 2)/I) energy ratios for the ground state bands
of even-even Lanthanides Nd/Sm/Gd/Dy isotopes as a function of
spin L.

and '2Yb [29]. Fig. (6) shows R(I/2) and E-GOS plots for a
vibrator, a rotor and R(4/2)=3 modes.

To investigate the dependence of energy ratios on the an-
gular momentum, the useful criterion r((I + 2)/I) are exam-
ined for distinguishing between different kinds of collective
behavior. In Figures (7,8) we show the results of our calcula-
tions for the ground state bands of the selected lanthanides
and actinides isotopes. The study supports the interpreta-
tion of "Nd and '3>Sm as a critical point nucleus. Hence,
the isotopes "°Nd and '>?Sm are associated to X(5) sym-
metry. For the vibrational nuclei ’>Gd and '3*Dy, the ratios
r((I + 2)/I) start with a small value and then increases with I,
more rapidly in the beginning and slower at higher I’s. On the
other hand for rotational nucleus '%*Dy the ratios r((I + 2)/I)
start with a value very close to one and then constantly de-
crease.

As an example, the abnormal behavior of the two-neutron
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Fig. 9: Two-neutron separation energies S,, for the chains
Nd/Sm/Gd/Dy isotopes as a function of the number of neutrons.

separation energies S », of nuclei Nd/Sm/Gd/Dy as a function
of neutron number around neutron number 90 is illustrated
in Fig. (9), the nonlinear behavior of S, indicates that shape
phase transition may occur in this region. It is commonly
assumed that the ratio of the B(E2) reduced transition proba-
bilities between the levels of the ground state band takes the
values between vibrational and rotational limits. In the inter-
acting boson model IBM [1] both these limits are corrected
because the number of the quadruple bosons cannot exceed
some maximum value N.
In the U(5) vibrational limit of IBM,

B(E2,I+2—>1) 1 1
—_—— ==+ 2)|] - —
B(E2,2+* — 0%) 2( )( 2N)
and in the SU(3) rotational limit of IBM,

B(E2,I+2—>I)_15( 1)(1 1)

B(E2,2* - 0% 2 " 28] 2n+3

(I+2)(I+1)
QI+3)(21+5)

Our GCM calculated values of these ratios are put be-
tween these limits, i.e., the IBM calculations can reproduce
the E2 transition probabilities.
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Fig. 10: The ratio BT 07 of reduced transition probabilities
between the levels of the ground state band of "°Nd, '32Sm, '>*Gd
and **Dy as compared to the U(5) and SU(3) of IBM calculations
(o for U(5), o for SU(3) and x for present calculation).

Table 1: The GCM parameters as derived in fitting procedure used
in the calculation.

Nucleus | u(s) SUQ3) Present
Vibrator Rotor | calculations

I50Nd (N=9) | 0 | 0.94444 | 0.98941 0.75812

2 | 1.88888 | 1.41345 1.45375

4 | 2.63333 | 1.55677 1.71683

6 | 3.77777 | 1.62962 2.19186

8 | 4.72222 | 1.67381 2.46675

1526m (N=10) | 0 0.95 0.99130 0.68900

2 1.90 141614 1.45137

4 2.85 1.55973 1.71262

6 3.80 1.63272 1.98838

8 4.75 1.67700 2.23512

154Gd (N=11) | 0 | 0.95454 | 0.99272 0.77300

2 | 1.90909 | 1.41818 1.52393

4 | 2.86363 | 1.56197 1.79560

6 | 3.81818 | 1.63507 1.97412

8 | 4.77272 | 1.67941 2.23803

156Dy (N=12) | 0 | 0.95833 | 0.99382 0.87381

2 | 1.91666 | 1.41975 1.51345

4 | 2.87500 | 1.56370 1.92725

6 | 3.83333 | 1.63688 2.35673

8 | 479166 | 1.68127 2.53512

The calculated B(E2,I + 2 — I)/B(E2,2* — 0%) ra-
tios using GCM for the ground state bands of the low-lying
state are presented in Table (1) and Fig. (10) together with
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the results for the vibrator and rotor limits of IBM for "9Nd,
152qm 154Gd and 156Dy.
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Double Surface and Fine Structure

JaneZApringer
Cankarjeva cesta 2, 9250 Gornja Radgona, Slovenia, EU.IEjareez springer@t-2.net

Previously [1], one concluded that the atomic world showdebiptic and therefore
the present universe which on the macro level looks like iHaah is obviously to be
heterogeneous. In this paper, one tries to solve the enignpaging the double elliptic-
hyperbolic surface. As a result of th&at, a new candidate for the exact inverse fine

structure constant is given;* = 137 (2 —1/41+ 7r2/1372) = 137.0360062543. . .

1 Theoretical background -1 _ o1 -1 1 1

g @y peroiic = Peuclidean + \/aeuclidean (aeuclidean - ameasured)’ (40)
Let us consider our experience of the world is not what that
world in reality is but rather how it is observed and measurezgéhere = a'gulclidean T \/“;chndean(

The distinction between to observe and to measure is madg in

(4d)

- _ -1
a'euclidean ameasured)'

this paper. The former means to count the units in the ima & easily seen that if the measured inverse fine structme ¢

denoted as the averageThe latter means to count the unit tant egqals the Qbserved Euclidean one, thg ell|pt|c and hy
perbolic inverse fine structure constant are identical amd n

in the inverse image, denoted as the average For the average makes sense. Only in that case what is observed and

different values ok; we have to deal with the next inequa“ttheasured is also real

— Let us also recall the value of the hypothetical Euclidean

¥ —1
XX X" #1. (1) inverse fine structure constant [1]:
Then the surface we live on is not, for instance, the Eucfidea —

plane or the sphere very close to it [1], but could be, instead

of it, the doyble elliptic-hyperbolic surface Wh_ich is obsed The fine structure constant and the Hydrogen atom
as the Euclidean plane. The average sphere is not proposedto ]
be the triple elliptic-Euclidean-hyperbolic surface wsehe The elliptic sphere of the radius of about 3679 Compton wave-

Euclidean plane is not assigned to have its own identity. LI8bgths of the electron was proposed in the Hydrogen atom
us propose that this leaves a footprintin the inverse fingstrPreviously [1], based on the assumption that only one type of
ture constant:~! which is in some way observed. Actuallyfhe sphere is possible. If the elliptic and hyperbolic spher
in the observation we count the number of the length uhit£oexists, the fine structure constant is a mirror of their-ave

which are correlated with the inverse fine structuré: age geometry, and what results is &etient sphere picture.
Without going into the details of how it looks like, some cal-
4 -1 a;.,liptic + aﬁylpe,bo“c culations can be made.
Tobserved = Yeuclidean — 2 : (2)

2.1 Calculation of the sphere paths

And the measured elliptic fine structure constant on the atcfﬁ](ing into account the equation (5) and inserting in theaequ
level does not reflect exclusively the elliptic sphere, siiiés tions (4b) and (4c), the CODATA 2012 recommended =
the mirror of the hyperbolic sphere, too. Let us propose thﬁ§1035999074 for, thermeasred , the elliptic and hyperbolic

.thls leaves a footprint in ;he:rle s”tru_ctl:;e constanthich ; athsin the Hydrogen atom are given in units of Compton
is in some way measured. Actually in the measuremen vaeIengths of the electron as:

count the number of the inverse length units = nw/h

which are correlated with the fine structure Stiptic(@aipric) = 136988254898 - < n = 137
_ Qadlliptic + @hyperbolic 3 N (6)
measired = 3 : @) Sty perbolic(@pperbolic) = 137.083776540-

Consequently the fierent inverse fine structure constants are 1h€ path on the elliptic sphere being smaller than the
explicitly expressed as translation componemtis not plausible and leads one to the

conclusion that the recommended empirical value dfsho-

uld be of a little greater size.
, (4a)
2.2 Calculation of the inverse fine structure constants

T measured = Yelliptic oL

-1
1 1 (2_ Xiliptic
euclidean

N N ) » » The translation component= 137 Compton wavelengths of
dliptic = Yeuclidean ~ VY Feuclidean (aeuclidean - ameasured)’ (4D) the electron equals the elliptic circular patand the latter
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expresses the elliptic inverse fine structure constant [1]

Tgiipic = 137, since: -
7

n = s= 137 Compton wavelengths of the electron

The theoretical inverse fine structure constant deduced fro
the average path on the double elliptic-hyperbolic surface
given with the equations (4a) and (5):

Oghaica = 137(2- 1/ Y1+ 22/137)

= 1370360062543 - < a1

euclidean

(8)

The calculated constant is a little greater than the recaomalex
CODATA 2012 o~* but smaller than the hypothetical Eu-
clidean one given by (5). The hyperbolic inverse fine stmectu
is given by (4c):

aﬁ;Pabolic =137.0720314399.- 9)

3 Conclusion

According to the proposed model, the electron in the Hy-
drogen atom moves on the elliptic-hyperbolic double sufac
since the measured inverse fine structure constant is smalle
than the hypothetical Euclidean one. And we live in the ap-
parent Euclidean macro-world, since the observed invarse fi
structure constant does not seem tedifrom the hypothet-
ical Euclidean one. The fierence between what is observed
on the macro level and what is measured in the atom world
implies that neither what is observed nor what is measured
is real. If the elliptic and hyperbolic sphere can coexist in
the present world, a new candidate for the exact inverse fine
structure constant is given by

a,t . =137 (2 —1/4/1+ 7r2/1372) = 137.0360062543- -
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High energy gamma-ray flares are almost always observed near the limb of the Sun
and are seldom, if ever, visualized in the central region of the solar disc. As such, they
exhibit a powerful anisotropy best explained by invoking a true photospheric surface. In

this regard, the anisotropic nature of the gamma-ray emissions from high-energy flares
constitute the eighteenth line of evidence that the Sun is condensed matter.

Every body has a surface. fields' [6, p.237] based on a theoretical analysis by Miller
St. Thomas Aquinas [1] and Ramaty [7]. These authors comment that the emissions
are “.. . strongly anisotropic, with more emission in the direc-

In the middle ages, as St. Thomas Aquinas was reflectligns tangential to the photosphere than in directions away
uponThe Infinity of Godhe was confronted with this objecfrom the Suh[7]. In order to account for the anisotropy of
tion relative to objects and their surfaces [1]. Thomas woulge gamma-ray emission from high energy solar flares, they
answer that: It is one thing to be infinite in essence, and ariavoke electron transport in the coronal region and magnetic
other to be infinite in magnitudg1]. Though nearly a mil- mirroring of converging magnetic flux tubes beneath the tran-
lennium has passed since the Dominican Friar contempla$étbn region [7]. As the gaseous models of the Sun cannot
The Infinity of Gog the fact remains that, in the physica$upport the existence of a real surface, then another mecha-
world, one is primarily considering magnitude, not essen¢#sm must be created to “act as a surface”.
on a macroscopic scale, every physical body does indeed have
a surface. Failure to meet this criterion results in an assembly
of many bodies.

These ideas have consequences for astronomy. Within the
context of accepted solar models, the Sun must be viewed as
an assembly of bodies, since it has long ago been deprived of
a real surface by gaseous constructs [2].

Conversely, the author has argued that the Sun does in-
deed possess a real surface [3] and he has recently assembled
a wide variety of proofs that highlight its condensed state of
matter (see e.g. [4] and references therein). In this brief work,
an 18" line of evidence is provided.

In 1989, Erich Rieger published a paperSolar Physics ,
entitled “Solar Flares: High Energy Radiation and Parti- '
cles' [5]. In this report, Rieger provided strong evidence that
flares with emissions10 MeV are visible only near the so-

lar limb (see Fig. 1). Rieger's findings would be hIghIIghtegig. 1. Schematic representation of the relative position of flares

by R. Ra.maty.and G. M. Sim‘nett in their reyigw on accelq;;,—lth >10 MeV of energy on the solar disk displaying their predom-
ated particles in solar flaresGamma-ray emitting flares arejnance near the limb. This figure is meant only for illustrative pur-

observed from sites located predominantly near the limb @fses and is an adaptation based on Fig. 9 in [5] which should be
the Sun (see, e.g. Rieger 1989). Thie@ was observed forexamined for exact flare locations.

flares detected at energie®.3 MeV, but it is at energies10

MeV that the giect is particularly pronounced ...Since in  Within the gaseous models, the photosphere merely rep-
both of these cases the bulk of the emission is bremsstrahltegents a region of increasing opacity, best regarded as an
from primary electrons, these results imply that the radiatirigptical illusion” [3]. The gaseous Sun possesses no sud-
electrons are anisotropid6, p. 237]. It was then postulatedden change in density which could allow tangential emission
that: “ .. the anisotropy could result from the mirroring of théo its surface. In fact, modern solar models assume a density
charged particles in the convergent chromospheric magneticonly 10~7 g/cm® for the photosphere [8, p. 32], a density

Pierre-Marie Robitaille. Commentary Relative to the Distribution of Gamma-Ray Flares on the Sun. L1
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lower than some of our earthly vacuums. Hence the use of
magnetic mirroring and the convergence of field lines in or-
der to generate surfacdfects in the absence of condensed
matter.

In the end, the simplest way to account for the strongly
anisotropic nature of high energy solar flares is to recognize
the existence of a discrete surface on the Sun. This most ele-
gantly explains why the emissions demgential to the pho-
tosphere As flares rise from the solar interior [4] they even-
tually arrive at the photospheric layer. High energy gamma
rays are emitted tangentially to this boundary, as a real phys-
ical surface, not to an illusion [3], has been encountered.
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Helioseismological studies have the ability to yield tremendous insight with respect to
the internal structure and shape of the solar body. Such observations indicate that while
the convection zone displaysfidirential rotation, the core rotates as a rigid body. The
latter is located below the tachocline layer, where powerful shear stresses are believed
to occur. Beyond simple oblateness, seismological studies indicate that the Sun displays
significant higher order shape terms (quadrupole, hexadecapole) which may, or may not,
vary with the solar cycle. In this work, such seismological findings are briefly discussed
with the intent of highlighting that 1) the filerential rotation of the convection zone,
2) the rigid body rotation of the core, 3) the presence of the tachocline layer and 4)
the appearance of higher order shape terms, all lend support to the idea that the solar
body is composed of material in the condensed state. In this regard, the existence of the
tachocline layer in the solar interior and the solid body rotation of the core constitute
the nineteenth and twentieth lines of evidence that the Sun is condensed matter.

In brief, every rotating body conducts itself either already argued that it is not possible to conduct seismological

as Ifl it is it We.rehpurely I'qu'.d’ or a;. it it wergb.l observations on a surface whose density remains inferior to
purely gaseous; there are no intermediate possibil- some of the best vacuums on Earth [8], despite the apparent
ities. Observational astronomy leaves no room for . :

doubt that a great number of stars, perhaps even all agreement with the gaseous solar modgls [14, 15]. Seismol-
stars ... behave like liquids rather than gases. ogy has been, and always will remain, linked to the study of

Sir) H 43 1029 1condensed matter.
I James Hopwood Jeans, [ In this regard, seismology has brought some interesting

For much of his life, James Jeans believed that stars W@}%ght into the internal structure of the Sun. The fact that
rotating liquids [1, 2]. On the basis of the tremendous abuh€ convection zone undergoedfeiential rotation appears
dance of binary systems [2], he had claimed that there cowgll established, as is the presence of a prolate tachocline
be no doubt of their condensed nature. Yet, in the paragragyer [9,10]. The tachocline region acts as a shear layer which
which followed that quoted above, Jeans also argued: Separates the filerential rotation in the convection zone from
are totally unable to check our theoretical results by observéie solid body rotation observed in the solar core. Shear
tion” [1, p. 219]. This apparent contradiction was previousfgrces imply area and surface. As such, the presence of the
highlighted by Alan B. Whiting [3, p. 209]. Eventually, Jeantachocline layer in the solar interior is now advanced as the
lost sight of the observational evidence which had so cdtineteenth line of evidence that the Sun is condensed mat-
vinced him. By 1944, he had abandoned liquid stars [2,4] a&. Furthermore, the solar core is rotating as a solid body
so did astrophysics; although in the 1960s, Subrahmany@rg- [10]) and this remains impossible for a gaseous object.
Chandrashekar would devote nine years of his life to the stu@§lid body rotation involves strong internal cohesive forces
of rotating liquid bodies [4,5]. With time however, astronomyhich gases cannot possess. Consequently, the solid body ro-
would add to the arsenal of evidence that the Sun was ligtadion of the solar core is now invoked as the twentieth line of
(see [6-8] and references therein). evidence that the Sun is condensed matter.

Seismology, the study of low frequency waves within con- Finally, it is well established that the Sun is not perfectly
densed matter, would also contribute to our understandspherical but oblate (see [15, 16] and references therein). In-
[9, 10]. Indeed, the mere application of seismology to tlieed, the presence of solar oblateness could be related to
Sun has been heralded as a proof for condensed matter {se@m’s arguments for liquid stars [2]. Since the creation of an
proof 5 in [8]). It is not reasonable to claim that the solablate object requires internal cohesive forces which can only
photosphere, with a density of only ¥0g/cm?® [11], can act characterize a liquid or solid rotating sphere, solar oblate-
as a mere optical illusion relative to the presence of a distimess has already been invoked as the eighth line of evidence
surface [12], while at the same time forming the confines offzat the Sun is condensed matter [8]. Yet, the solar shape is
resonant cavity for seismological studies [13]. The author lresen more complex, characterized by quadrupolar and hex-

Pierre-Marie Robitaille. Commentary Relative to the Seismic Structure of the Sun. L3
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adecapolar terms [16], the latter of which appears dependent
on the solar cycle. These additional features on the solar
sphere served to complement the eighth line of evidence (so-
lar shape [8]) that the Sun is condensed matter.
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In modern solar theory, the photospheric surface merely astan optical illusion.
Gases cannot support the existence of such a boundary. Gelyehe liquid metallic
hydrogen model supports the idea that the Sun has a distirfate. Observational as-
tronomy continues to report increasingly precise measafreslar radius and diameter.
Even the smallest temporal variations in these parameteutdvihave profound impli-
cations relative to modeling the Sun and understandingatérfluctuations on Earth. A
review of the literature convincingly demonstrates thatdblar body does indeed pos-
sess a measurable radius which provides, along with prev@cussions (Robitaille
P.M. On the Presence of a Distinct Solar Surface: A Reply tovélé&aye. Progr.
Phys, 2011, v. 3, 75-78.), the twenty-first line of evidence tihat un is comprised of
condensed-matter.

But howiverﬁmw't it.mayf blf for [:l)resent the(;ries to they map the transits of Mercury and Venus [11,12], but also
fncg;:?; Oggosetf;:'tﬁ(iots ig:’ea;:;n;zsﬁegfrggé_ attracts the attention of our helioseismologists [5—10fisT
y P phere, is not solely because of the obvious implications for clienat

ily the same fact may be accounted for by the theory h 91 Eor th ical sol hvsici i
of Schmidt, it is certain that the observer who has change [9]. For theoretical solar physicists, any varfatio

studied the structure of the Sun’s surface, and par- the dimensions of the Sun would have severe consequences
ticularly the aspect of the spots and other markings with respect to the gaseous models [5-10]. The latter would
as they approach the limb, must feel convinced that be hard-pressed to account for fluctuations in radius. This
these forms actually occur at practically the same helps to account for the reassurance experienced when the
level, that is, that the photosphere is an actual and solar radius is perceived as constant [5—7].

not an optical surface. Hence it is, no doubt, that Nonetheless, the solar radius has not definitively been es-
the theory is apt to be more favorably regarded by (aplished as fixed. Values obtained in the past thirty years
mathematicians than by observers. range from 958,54+ 0,12 to 960/.62= 0”.02 (see [10] for

James Edward Keeler, 1895 [1]2 complete table). In 1980, Irwin Shapiro argued that the so-
lar radius had not decreased over time [13]. Currently,eghes
James Edward Keeler was a distinguished observationaliasues cause little debate, though cyclical variationgicoa
tronomer [2]. Along with George Ellery Hale, he had ego be gently questioned (see [10-13] and references therein
tablishedThe Astrophysical Journah 1895 [2]. In the first Perhaps the most interesting aspect of solar radius deter-
volume of this journal, Keeler objected to Schmidt's modetinations remains the increased precision of the measure-
of a fully gaseous Sun whose surface merely representedrants over the years. Emilio et al. estimate the solar radius
optical illusion (see [3] for a full discussion). Hale eckoeat 960'.12+ 0.09 [10]. This corresponds to 65 km for a ra-
Keeler’'s objections statindAs a theoretical discussion thedius of more than half a million kilometers (696,342 km) —an
theory is interesting and valuable, but few observers of teeor of better than 1 part in 10,000. Others report errors on
Sun will consider it capable of accounting for the varyinthe order of 0.02 [10], a relatively tiny distance of less than
phenomena encountered in their investigatiof@]. Thus, 15 km — an error of only 2 parts in 100,000. This precision
two of the greatest observational astronomers of the niegues strongly for a distinct solar surface and the exigten
teenth century expressed serious reservations relatitheetoof a condensed solar body. It is inconceivable that a gaseous
idea that the solar surface was illusionary. Sun would be able to create such a defined “optical illusion”.
Today, much fort continues to be focused on establisfFhe gaseous solar models argue for smoothly varying density
ing a proper value for the solar radius ( [5-12] and referenadanges, even in the region of the photosphere. As a result,
therein). Such reports constitute a clear sign that obsertrge extreme precision of the solar radius determinatiottsan
tional astronomers recognize, at least in practice, the-exiisible range, along with previous arguments for a distiuet
tence of a distinct solar surface. In fact, the measurenfentar surface [3], constitute the twenty-first line of eviderhat
the solar radius not only occupies amateur astronomersttasSun is condensed matter.
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Additional Note 16.

Chapman et al. [14] have recently reported variability ia th
Sun’s diameter in association with the solar cycle. As prevj;
ously mentioned, this is a topic of interest to many, though i
is only quietly pursued [15]. Variations in the solar diaaret
with the activity cycle could produce changes in total solds®.
irradiance, beyond theffects produced by sunspots and fac-
ulae [16, 17]. While the question of varying solar radius has

de Toma G., White O.R., Chapman G.A., Walton S.R., Prgenib.G.,
Cookson A.M., Harvey K.L. Oferences in the Sun'’s radiative output in
cycles 22 and 23Astrophys. J. Letter2001, v. 549, no. 1, L131-1.134.

Walton S.R., Preminger D.G. and Chapman G.A. The cattoib of
faculae and network to long-term changes in the total soladiance.
Astrophys. J.2003, v. 590, no. 2, 1088-1094.

Robitaille J.C. and Robitaille P.M. Liquid Metallic Hyaben IlI. In-
tercalation and lattice exclusion versus gravitationdilieg and their
consequences relative to internal structure, surfaceitgctand solar
winds in the SunProgr. Phys, 2013, v. 2, 87-97.

not been resolved, such phenomena could be accounted for

by invoking exfoliative forces within the liquid metallicyh
drogen model of the Sun [18]. Exfoliation would be charac-
terized by the production of gases within the condensed sola
structure, potential resulting in an expansion of the saar
dius. In sharp contrast, changes in radius remain esdgntial
insurmountable within the context of the gaseous models.
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This work is dedicated to my eldest son, Jacob.
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While mankind will always remain unable to sample the interior of the Sun, the presence
of sunspots and coronal holes can provide clues as to its subsurface structure. Insight
relative to the solar body can also be gained by recognizing that the Sun must exist in the
condensed state and support a discrete lattice structure, as required for the production
of its continuous spectrum. In this regard, the layered liquid metallic hydrogen lattice
advanced as a condensed model of the Sun (Robitaille P.M. Liquid Metallic Hydrogen:
A Building Block for the Liquid Sun.Progr. Phys, 2011, v. 3, 60—74; Robitaille P.M.
Liquid Metallic Hydrogen II: A Critical Assessment of Current and Primordial Helium
Levels in Sun. Progr. Phys, 2013, v.2, 35-47; Robitaille J.C. and Robitaille P.M.
Liquid Metallic Hydrogen Ill. Intercalation and Lattice Exclusion Versus Gravitational
Settling and Their Consequences Relative to Internal Structure, Surface Activity, and
Solar Winds in the SunProgr. Phys, 2013, v. 2, in press) provides the ability to add
structure to the solar interior. This constitutes a significant advantage over the gaseous
solar models. In fact, a layered liquid metallic hydrogen lattice and the associated
intercalation of non-hydrogen elements can help to account for the position of sunspots
and coronal holes. At the same time, this model provides a greater understanding of the
mechanisms which drive solar winds and activity.

As the laws of a liquid are gerent from those of

a gas, a liquid star will behave glerently from a
gaseous star, and before we can predict the be-
haviour of a star we must know the state of the mat-
ter composing it.

James Hopwood Jeans, 1928 [1]

Coronal holes are strange entities, in part due to their sparse
nature [2, 3]. At first glance, they seem tfiey little of value
with respect to our understanding of the Sun. What can be
gained from “looking into a hole™? Within the context of the
liquid hydrogen model of the Sun (see [4-10] and references
therein), there is a great deal to be learned. Fig. 1: Schematic representation of coronal holes over the polar caps
In the broadest terms, coronal holes can be describech@squiet Sun. This figure is an adaptation based on Fig. 2 in [2].
follows: “Coronal holes are regions of low-density plasma
on the Sun that have magnetic fields that open freely into
interplanetary space. During times of low activity, coronaé comprised of condensed matter. The other lines of evi-
holes cover the north and south polar caps of the Sun. Ddience have already been published (see [4-10] and references
ing more active periods, coronal holes can exist at all sol#éerein). Rigid rotation and anchoring cannot be easily ex-
latitudes, but they may only persist for several solar rotatiopdained using the gaseous solar models. As a result, the an-
before evolving into a gierent magnetic configuration. lon-choring of coronal holes is best understood in the context of
ized atoms and electrons flow along the open magnetic fistdsondensed solar model.
in coronal holes to form the high speed component of the so- In order to comprehend why the Sun possesses coronal
lar wind” [2]. When the Sun is quiet, coronal holes appehbles, it is best to turn to the lattice configuration of the solar
to be“anchored” onto the polar regions of solar surface (seeaterial. Robitaille and Robitaille [7] have recently advanced
Fig. 1): “coronal holes, in fact, appear to display rigid rota-the hypothesis that the Sun is comprised of liquid metallic
tion as if they are attached to the solar bodyl’1, p. 24]. hydrogen, wherein protons are arranged in layered hexagonal
The anchoring of coronal holes to the solar surface cplanes and all other atoms exist in intercalate layers located
be viewed as the twenty-second line of evidence that the Sustween the hydrogen planes. Such a structure has been based

Pierre-Marie Robitaille. Insight Relative to Coronal Holes, Sunspots, and Solar Activity. L7
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on the need to properly explain the thermal emission of the e

Sun [5], while at the same time, taking into account the struc- L ‘

tural tendencies of layered materials such as graphite [7]. e S
Within the intercalation compounds of graphite, elemen-

tal diffusion orthogonal to the hexagonal carbon planes is hin-

dered, while rapid dfusion can occur in the intercalate re-

gions between the planes (see Fig. 2 in [7]). The same ten- 7

dencies have been inferred to exist within the liquid metallic

hydrogen lattice of the Sun: elementaffdsion is restricted

in the direction orthogonal to the hexagonal proton planes and

is greatly facilitated within each intercalate layer [7].
Hence, in order to explain the existence of coronal holes,
the hexagonal liquid metallic hydrogen lattice of the Sun must

be placed in a direction which is orthogonal to the solar sur-
face at the poles. This would explain why the expulsion of
ions and electrons from the Sun is facilitated. The subsurfdd@ 2: Schematic representation of the appearance of a pair of
Orthogonal placement Of the ||qu|d metal“c hydrogen hexag.lnspots on an aCtiVe SOlar Surface. The horizontal th|Ck Iine ||'

onal planes thus accounts for the origin of fast solar WinH@trates the location of the photosphere, the thin lines the layers

in these regions. During the quiet periods of the solar Cyc?é metallic hydrogen, and the dashed lines the magnetic field. The
. . - . twb shaded circles outline the position of sunspots. In the lower
the relative orientation of the hydrogen lattice at the poles

f dui dri hvd | f1h $)ortion of the figure, the layers of metallic hydrogen are below the
orms condutts to drive non-nyarogen elements out of the Qiel of the photosphere, but are being pushed up by intercalate ele-

lar body. As a result, the travel time from the solar core fRents which have entered the gas phase [7]. In the upper portion of
the surface may well be extremely brief. Given a solar rg figure, the layers of metallic hydrogen have now broken through
dius of ~696,342 km (see [10] and references therein) andh@ photospheric level. The two sunspots are being linked solely
fast solar wind of 800 kris [2], an atom could conceivablyby magnetic field lines, as the metallic hydrogen which once con-
leave the solid core of the Sun and escape at the level of thired them has vaporized into the solar atmosphere. This figure is
photosphere on the poles in only fifteen minutes. an adaptation based on Fig. 22 in [12].

Nonetheless, during the quiet period of the solar cycle,
the equatorial regions of the Sun are unable to sustain fast
solar winds. This is likely to occur because the hexagorf@lar models are used to assign photospheric and chromo-
layers of liquid metallic hydrogen are parallel to the sol&Pheric densities on the order of 1@y/cn and 102 g/em?,
surface in this region. Such an arrangement would restfigePectively [12]. In contrast, within the context of the liquid
the free difusion of elements from the solar body near tHBetallic hydrogen model, a photospheric density big/cn®
equator, resulting in the absence of fast solar winds. Only idnvoked [4-10].
slow component of the solar wind would be observed, pre- At the same time, the presence of coronal holes directly
cisely because of restrictedfilision of the elements acrossuggests that chromospheric and coronal densities cannot be
the hexagonal hydrogen planes [7]. As a result, the concépherically uniform. When the Sun is quiet, coronal and chro-
trations of non-hydrogen elements in the equatorial regionrapspheric densities should be lower at the poles and possibly
the interior would increase. Eventually, the Sun would b&wch higher at the equator. Fast solar winds do not typi-
come active in order to finally expel these elements from tBally exist in the equatorial region of the quiet Sun. In fact,
hydrogen lattice, as was previously stated [7]. it appears that the presence of magnetic field lines restrict the

Sunspots would be created as hexagonal hydrogen layafgvard movement of ions and electrons away from the solar
are propelled through the solar surface by the force of uwrface under such conditions. Such realities, when combined
derlying non-hydrogen elements which have now entered wigh the enormous mass of the Sun, suggest that, contrary to
gaseous phase [7]. This has been illustrated in Fig. 2. N&ie gaseous solar models, the density of the chromosphere, in
how the “buckling” of metallic hydrogen could result in théhe equatorial regions of the quiet Sun, may be many orders
simultaneous formation of two sunspots of opposite polari@f magnitude higher than currently believed. It would be rea-
(Fig 2, as is usually observed), or of a single sunspot (Fgpnable to suggest that atmospheric densities just above the
3, as is sometimes observed). Such as scenario also expliospheric layer might far surpass those currently associ-
why the Sun has relatively “erratic” field lines. These cor@ted with the density of the Earth’s atmosphere at sea level.
stitute simple extensions of a metallic hydrogen lattice who§Bis highlights the problems with extracting densities from
internal orientation can be highly variable. regions of the solar atmosphere which are clearly not in local

The existence of coronal holes has implications relatitRermal equilibrium, as previously discussed [6].
to the density of the solar atmosphere. Currently, the gaseousThe liquid metallic hydrogen model [5-7] provides an ex-
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o LA lar lattice [13], creating an ideal structural foundation for the
fr/ Sun. Furthermore, layered materials, which mimic graphite
2 in their structure, should be prone to forming intercalate re-

gions, as a consequence of lattice exclusion forces [7]. In this
regard, the author believes that lattice exclusion, as first pos-
tulated by Joseph Christophe Robitaille, along with the for-
mation of intercalate regions within layered metallic hydro-
gen [7], constitutes the central thesis for understanding solar
structure and activity.
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Fig. 3: Schematic representation of a single sunspot on a quiet %Jgdication
asin Fig. 2. In this figure, the layers of metallic hydrogen are below
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layer of metallic hydrogen which in turn has been displaced by interemory of many scientific discussions on the Sun.
calate elements which have entered the gas phase [7]. The sunspot

is characterized by strong open magnetic field lines, as the metallic Submitted on: January 25, 2018ccepted on: January 25, 2013
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Coronal rain represents blobs of solar material with a width300 km and a length of

~700 km which are falling from the active region of the coronaards the solar surface
along loop-like paths. Conversely, coronal showers arepeim®d of much larger bulks

of matter, or clumps of solar rain. Beyond coronal rain andwsdrs, the expulsion

of solar matter from the surface, whether through flaresnprences, or coronal mass
ejections, can result in massive disruptions which have bbeserved to rise far into the
corona, return towards the Sun, and splashdown onto thegbtotre. The existence of
coronal rain and the splashdown of mass ejections onto the surface constitute the
twenty-third and twenty-fourth lines of evidence that then$ condensed matter.

As the 'a‘l’YS ('jofl a "q”i(?:lagehﬁerem fm"l‘ ”f‘ose of to the nature of the Sun [8, 9]. On that day, a tremendous dis-
aaizz’ug é?;' ;r:zr lz\(lelforee ngecgﬁrer;;ﬁic:o?;\ea be.  ruptionoccurred on the solar surface which projected riziter
gase ' b well into the corona, prior to its subsequent descent batk on
haviour of a star we must know the state of the mat- o - .
ter composing it the Sun. Upon striking the solar body, the multiple points of
impact immediately brightened — revealing clear and distin
James Hopwood Jeans, 1928 [1$urface behavior on the photosphere [9]. Such visualizatio

highlight that the solar surface is not an optical illusibnt,

The presence of coronal rain within the active atmosph? eed, acts as a real surface. Such “splashdowns” caestitu
of the Sun has been recognized for less than a decade [zt_h twenty-fourth line of evidence that the solar body is eom

Coron?IgalrI]t correspo?dzézgpl G_Td d,(,anszpatter an(; n]?tprised of condensed matter. In addition, they provide cempl
waves Ej].f apﬁlearsbo th lqul 01:2 tan composedo 3 entary evidence that flares, prominences, and coronal mass
a myriad o smaf biobs, With sSizes thal are, on average Sy, .tjons are also characterized by the existence, atileast
km in width and 700 km in lengti{5]. When it aggregates,

| rai lead o | | st 15 part, of condensed matter.
coronai rain can lead 1o farger ciumps callstowers [5]- Impressive disruptions of the solar surface have also been
Their rate of descent towards the solar surface can approggg

L ociated with comets, although intial analysis appBrent
l i)
120 km §". However, such ’rates (_)f o!escen_t are InferlOr}%vealed that such events were not associated with the tmpac
those inferred from the Sun’s gravitational field, suggesti

of such objects onto the photosphere [10]. In the end, addi-
SPGB nal study may well reveal that comets have the ability to

n&%rupt the solar surface, either directly through impaéhe

ar(; |ncqngrut(ra]nt:\{\1/%t2r1 thiédea that the denS|tt|y m:jthe Chgogmfectly by disrupting magnetic field lines above the suzfac
sphereis in the g/cm range, as currently advanced by Such visualizations highlight that the solar surface is not

the gaseous solar models [6]. Such densities would l_)e a%ﬁ?bptical illusion. It appears and behaves as a true liquid
ciated with very good vacuums on Earth. As such, it do

i ble. based on th findi that th Grface. In addition, coronal rains and mass ejection Bplas
not seem reasonable, based on hese indings, that e CRE, < ingicate that the outer atmosphere of the Sun can sup-
mospheric densities associated with the gaseous models

C . R

be correct [7]. At the same time, theoretical models redmig@r?locahzed regions of condensed matter.
to coronal rain now rely oriheating and condensation cy- Acknowledgment

cles” [4, 5], despite the fact that the gaseous models of UP
Sun preclude all material condensation. In the end, it ramai
more plausible to account for the behavior of coronal rafty
by invoking true condensation, as seen in the liquid metallyegication
model of the Sun [7]. This constitutes the twenty-third line

of evidence that the Sun is comprised of condensed mattBfs work is dedicated to my brother, Patrice, in profound
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The apparent depletion of lithium represents one of thetgse@hallenges to modern
gaseous solar models. As a result, lithium has been hypp#te undergo nuclear
burning deep within the Sun. Conversely, extremely lowidith abundances can be
easily accounted for within the liquid metallic hydrogen deb as lithium has been
hypothesized to greatly stabilize the formation of metatiydrogen (E. Zurek et al.
A little bit of lithium does a lot for hydrogenProc. Nat. Acad. Sci. USR009, v. 106,
no. 42, 17640-17643). Hence, the abundances of lithium esdlar surface can be
explained, not by requiring the nuclear burning of this edembut rather, by suggesting
that the Sun is retaining lithium within the solar body in @rdo help stabilize its
liquid metallic hydrogen lattice. Unlike lithium, many dfe other elements synthesized
within the Sun should experience powerful lattice exclnany forces as they are driven
out of the intercalate regions between the layered liquithttie hydrogen hexagonal
planes (Robitaille J.C. and Robitaille P.M. Liquid Metalllydrogen Ill. Intercalation
and Lattice Exclusion Versus Gravitational Settling aneiTiConsequences Relative
to Internal Structure, Surface Activity, and Solar Windshe Sun.Progr. Phys, 2013,

v. 2, in press). As for lithium, its stabilizing role withihé solar interior helps to account
for the lack of this element on the surface of the Sun.

As the 'a‘l’YS 9; a quuic_:llabrehg‘erent "0”? t?ose of the formation of metallic hydrogen [15, 16]. This finding has
a gas, a liquid star will behave gierently from a tremendous implication relative to understanding the fdite

gaseous star, and before we can predict the be- lithium within the Sun, if indeed, the solar matrix is com-
haviour of a star we must know the state of the mat- . o .
prised of liquid metallic hydrogen [10-13].

ter composing it.
When the Sun was hypothesized to be built from liquid
tallic hydrogen, it was important that the resultingidatt
Solar lithium abundance [2], as determined at the photdopt a layered structure similar to graphite in order tgpro
spheric level, are reducedl40 fold when compared to me-erly account for thermal emission [11]. Thus, it was fortiena
teorites [3]. Such a paucity of lithium has presented a chdtat Wigner and Huntington [15] had said that metallic hydro
lenge for the gaseous models of the stars, as they attempen could exist in a layered lattice resembling graphitehat
account for the relative absence of this element on the s@ame time, since graphite was known to form intercalation
surface [2,3]. Consequently, solar scientists hypotleeldizat compounds, the extension of such chemistry to the layered
lithium is being burned deep within the convection zone]2,3orm of metallic hydrogen proved natural [13]. Therefote, i
Lithium is thought to be easily destroyed [(p,a)*He] at was thought that the Sun would maintain the integrity of its
temperatures above 2.6 x%R [4]. Mild mixing of lithium layered hexagonal hydrogen lattice and associated conduc-
also helps to account for the surface depletion [4—6]. Ia thion bands, by permitting non-hydrogen elements to reside
regard, it has been postulated thethrs that host planets ex- within intercalation zones [13]. In addition, since thecira-
perience more mixing in their internal environmeffif]. Asa lation compounds of graphite are known to undergo exfolia-
result, those who adhere to the gaseous models have proptigegrocesses wherein intercalate atoms are driven otieof t
that greater lithium depletion occurs in stars that havét-ortgraphitic structure, the same mechanism was applied to the
ing planets [8], although such claims have been refuted [Sun [13]. Solar activity became linked to lattice exclusioil
Nonetheless, such works [7, 9] highlight the significance thfe associated expulsion of non-hydrogen atoms from the so-
the solar lithium abundance problem in astrophysics. Is thér interior [13]. Nonetheless, it was already recognized [
regard, solar lithium abundances might be better undedstdioat lithium should stabilize the metallic hydrogen ladtié\s
within the context of the liquid metallic hydrogen model o& result, unlike the case for most elements, the Sun should
the Sun [10-13]. not be working to expel lithium. Such a scenario elegantly
Along with Neil Ashcroft, Eva Zurek and her cowork-accounts for the significant reductions in lithium abundenc
ers recently advanced [14] that lithium could greatly diadi observed on the surface of the Sun while, at the same time,

James Hopwood Jeans, 1928 [1}],]e
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permitting elevated lithium levels in meteorites, or othbr

jects, which have been first synthesized within the stars-Co
versely, the idea that lithium is being burned preferelgtial
within the stars, as proposed by the gaseous models, makes
it difficult to account for elevated lithium levels elsewhere in
the astrophysical world. Herein lies the merit of sequésger
lithium within the solar body and permitting it to particiga

in nuclear reactions, without preferential burning, in tioa-

text of the liquid metallic hydrogen model [10-13].
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