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Space-Time Uncertainty and Cosmology: a Proposed Quantum Model
of the Universe

Sebastiano Tosto

Italy, E-mail: stosto@inwind.it, stosto44 @ gmail.com

The paper introduces a cosmological model of the quantum universe. The aim of the
model is (i) to identify the possible mechanism that governs the matter/antimatter ratio
existing in the universe and concurrently to propose (ii) a reasonable growth mechanism
of the universe and (iii) a possible explanation of the dark energy. The concept of time-
space uncertainty, on which is based the present quantum approach, has been proven
able to bridge quantum mechanics and relativity.

1 Introduction

Physical cosmology is the science of the most fundamental
questions about past, present and future of the universe. Born
in the modern form with the early Einstein general relativ-
ity (1916), it involves today all branches of the theoretical
physics. The conceptual basis of cosmology relies not only
on the theories of gravity field, but also on the fundamental
interactions between elementary particles. Likely the first at-
tempt of extending the achievements of general relativity to
propose a model of universe based on a physical theory was
made by Einstein himself with the introduction of the cos-
mological constant A. At that time the quantum theory was
at its very early beginning, while the gravitational interaction
seemed the most general physical law governing the dynam-
ics of celestial bodies; so the relativity, with or without A,
soon appeared as the most valuable resource to proceed be-
yond the Newton physics.

The first milestone of the modern cosmology is due to
Friedmann (1922) and (1924); the hypothesis of universe ho-
mogeneous and isotropic allowed inferring the equations that
describe shape and expansion/contraction propensity of the
universe depending on the value of the density parameter Q.
After these early contributions, have been proposed several
models of universe, e.g. by Lemaitre (1929) and Eddington
(1930).

The first experimental milestone of cosmology is due to
Hubble, who measured the Doppler shift of light emitted by
far galaxies (1929): the experimental data revealed the reces-
sion velocity law of galaxies with respect to earth. Since then,
any model of universe should allow for this experimental evi-
dence. The second experimental landmark was the discovery
of the cosmic microwave background radiation (Penzias and
Wilson, 1965).

An essential added value to the theoretical cosmology ca-
me from the almost simultaneous development of quantum
mechanics. Without this physical background and the re-
cent Standard Model, the modern cosmology would be in-
conceivable. The cosmic abundance of elements has been in-
vestigated by Weizsacker (1938) and then by Gamow et al
(1948); Chandrasekhar (1942) and more recently Fowler et al

[1] pointed out several processes in the stars that concurrently
account for the formation of heavy elements in the universe.

On the one hand, the understanding of the nuclear pro-
cesses explains the existence of stars and other objects (qua-
sars, white dwarf and so on); on the other hand, however,
is the general relativity that explains the existence and fea-
tures of the black holes. The crucial point of the modern
physics and cosmology is the difficulty of merging relativistic
and quantum theories. Several papers have been published on
quantum gravity, e.g. [2,3]. Today the string theory is deemed
to be a step towards the unification of both theories [4,5]; un-
avoidably the string theory has been also implemented by cos-
mologists to investigate problems of mere quantum nature,
like for instance the vacuum energy and the dark energy [6],
and the cosmological constant as well [7,8,9]. However, the
mathematical difficulties of these theories are daunting, and
their previsions hardly testable.

Yet to shed light on fundamental issues of cosmology are
also useful plain models that exploiting simple assumptions
allow reliable order of magnitude estimates; simplified mod-
els are functional to focus essential but even so significant
information.

The present paper aims to infer the order of magnitude es-
timates starting from a quantum standpoint. The input values
implemented in this paper are the literature estimates of the
universe diameter d,, = 8.7 x 10%° m and aget, = 43X 107 s.
The total mass of the universe reported in the literature is
estimated to be about m, = 3 x 10°? kg, counting however
the stars only. Thus it is reasonable to expect that the ef-
fective value M, of total mass should actually be consider-
ably greater than m,,. Indeed this latter does not include con-
tributions like the dark mass or the total mass of all black
holes possible existing in our universe, which instead should
be also taken into account when correlating these three main
features of the universe; this reasonably suggests M, > m,,.
The fourth key value to be introduced is the expansion rate on
the universe, usually expressed through the Hubble constant
Hy = 2.3 x 10718 s7!; this number, which presumably aver-
ages the value of a true function of time, has been object of
great debate because of its importance in cosmology.

Sebastiano Tosto. Space-Time Uncertainty and Cosmology: a Proposed Quantum Model of the Universe 3
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2 Quantum background

Physicists believe unsatisfactory a theory based on the wave
function ¢ without direct physical meaning, e.g. [10]; indeed
Yy only has the statistical meaning of probability density
and contains the maximum information obtainable about a
physical system. Moreover also the Wigner function [11], al-
though providing significant information about the quantum
states, presents conceptual difficulties: it cannot be really re-
garded as a probability distribution in the classical sense, it
is a quasi-probability that can take negative values; more-
over it can represent the average value of an observable but
not, in general, also its higher power moments. These diffi-
culties, both inherent the wave formalism, are overcome in a
model that exploits directly the statistical formulation of the
quantum uncertainty, which becomes itself a fundamental as-
sumption of the model and reads in one space dimension

AxAp, = nh = Ag At. 2,1

The second equality is formally obtained from the former
rewritten (Ax/v,)(viAp,) = nh with the same number n of
states and defining v, = Ax/At and Ae = v, Ap,; these defini-
tion hold because n and the uncertainty ranges are arbitrary.
(2,1) compel the positions

x—>Ax;  p,—oApy; t—o A e—>As. (2,2)

No further hypothesis is necessary besides that of waiving the
random local values of the dynamical variables, considered
random, unknown and unpredictable. To clarify the kind of
quantum approach required by the positions (2,2) and high-
light why (2,1) have prospective interest also in cosmology,
are useful two examples shortly sketched below. The quan-
tum properties are inferred implementing directly the physi-
cal definitions of the observable of interest, without solving
the pertinent wave equations; note however that the operator
formalism of wave mechanics is also obtained as a corollary
of these equations [12], which explains why the results are
anyway the same.

The first example concerns the angular momentum M =
r X p whose component along the arbitrary unit vector w is
M, = r x p - w; the vectors are defined in a reference sys-
tem R. The positions (2,2) compel r — Ar and p — Ap
to calculate the number [ of states consistent with the ranges
Ar and Ap physically allowed to the particle. Thus M, =
(Ar X Ap) - w = (w X Ar) - Ap yields M,, = AW - Ap, where
AW = w x Ar. So M,, = 0 if Ap and AW are orthogo-
nal; else, rewriting AW - Ap = (Ap - AW/|AW|) |AW| one
finds +tApy = Ap - AW/|AW]| and thus M,, = tAWApy,
ie. M, = =lh according to (2,1). One component of M
only is knowable; repeating the same approach for another
component trivially means changing w. Therefore the av-
erage values < M? >, < M; > and < M? > calculated in
the same way should be equal. The components are aver-
aged over the possible states summing (/4)> from —L to +L,

where L is an arbitrary maximum value of /; so < Mi2 > =

h D2 QL+ D ie. M* = £ < M? >= L(L+ D,
The mere physical definition of angular momentum is enough
to find quantum results completely analogous to that of the
wave mechanics without any hypothesis on the angular mo-
tion. The same holds for the energy levels of hydrogenlike
atoms. The concerned definitions are now the energy € =
p*/2m—Ze?[r, being m the electron mass, and the momentum
p? = p* + M?/r*. The positions (2,2) p, — Ap, and r — Ar
yield Ae = Apf/Zm + M?/2mAr?* — Ze*/Ar. Two numbers
of states are expected because of the radial and angular un-
certainties. The positions (2,2) and the previous result yield
Ag = 0212 [2mAr? + 11+ DA% [ 2mAr? — Ze* | Ar that reads also
Ae = &, + (I + DI [2mAr? — E,; with E,; = Z*¢*m/2nh* and
&, = (nh/Ar — Ze*m/[nh)? [2m. Minimizing Ae with g, = 0
yields Ar = n’h*/Ze*m; so 1 < n — 1 in order to get & < 0,
i.e. a bound state; &,,, = I(I+ 1)E,/n* yields the rotational en-
ergy of the atom as a whole. Also here appears that the range
sizes do not play any role in determining the energy levels.
The physical meaning of Ar, the early Bohr radius, appears
noting that actually E,; = —Ze?/2Ar, i.e. E,; is the energy of
two charges of opposite sign delocalized within a diametric
distance 2Ar apart. It appears now that the quantum numbers
of the eigenvalues are actually numbers of allowed states of
quantum systems.

The key point of this introduction is not the chance of
having found well known results, but the fact of having ex-
tended this kind of approach to the special and general rela-
tivity [13,14]; selected results of interest for the purposes of
the present paper are reported in the appendix. In this respect,
some relevant features of this approach will be exploited later
and thus deserve attention.

- Both time and space coordinates are by definition in-
herent any model based on (2,1).

- Any uncertainty range is defined by two boundary val-
ues, e.g. Ax = x; — xp; either of them is necessarily
defined with respect to the origin of a reference sys-
tem, the other one controls the range size. Since both
Xxo and x; are arbitrary, unknown and unknowable by
assumption, neither size nor reference system are spec-
ified or specifiable. Any result obtained from M = rxp
depends on the particular R where are defined r and
p. Yet, once having introduced the positions (2,2), any
reference to the initial R is lost, whereas the eigenval-
ues are correctly inferred from Ar and Ap only; indeed
AM = Ar x Ap yields a range AM of angular mo-
menta corresponding to all values of the arbitrary num-
ber n of states concurrently introduced via (2,1). Oth-
erwise stated, the previous examples have shown that
the boundary values r(y and r; of each i-th component
Ar; are unnecessary and do not play any role to find
the eigenvalues; so, since the same holds also for the
momentum range, once disregarding both coordinates

4 Sebastiano Tosto. Space-Time Uncertainty and Cosmology: a Proposed Quantum Model of the Universe
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neither the range sizes nor the reference system are in
fact specifiable. Hence, in general, privileged reference
systems are inherently excluded by the agnostic form of
space-time uncertainty of (2,1), i.e. the results hold in
any four dimensional reference system.

- These examples emphasize that both boundary coordi-
nates could even be time dependent without changing
approach or result: once ignoring the local dynamical
variables, conceptually and not to simplify or approxi-
mate some calculation, no information on the ranges is
actually required.

- The positions (2,2) skip the necessity of solving the
pertinent wave equations and allow working directly on
the physical definitions of the observables; (2,1) extract
the allowed quantum information from the analytical
form itself of the equation defining the observable.

- The concept of delocalization resulting from (2,1) has
more agnostic meaning than that of the wave formal-
ism: here is waived even the concept of probability
density.

- (2,1) and the positions (2,2) rule out the classical con-
cept of distance, because the local coordinates that de-
fine the distance are disregarded themselves “a priori”;
this means that comoving and proper distances cannot
in fact be calculated, while saving however their con-
ceptual physical meaning.

Two questions arise at this point: are (2,1) usefully ap-
plicable also in cosmology? If they really do, why not think
that even the physical dimensions of G could be regarded like
that of the angular momentum previously sketched? Noth-
ing excludes “a priori” positive answers, which however im-
ply clearly that the universe is understandable like a quantum
object. In fact is just this the crucial point that justifies the
present model. These quantum examples have been shortly
introduced to highlight the strategy of the present paper, i.e.
to emphasize the role of the space-time quantum uncertainty
in cosmology. The same kind of approach will be extended to
the physics of the universe exploiting both (2,1) to implement
G via its physical dimensions: the idea is to regard the physi-
cal definition of G likewise as done with the angular momen-
tum. Accordingly the gravity constant is not a mere numerical
value, but a physical amount defined by its dimensional fac-
tors. In effect, at least in principle, nothing prevents regarding
the numerical value of G as that resulting from a combination
of mass and time and space uncertainties; so these factors can
be replaced by the respective time-space ranges that charac-
terize the properties of the universe and handled exactly as
done previously. Three examples useful in the following are
highlighted below.

Write G = Ar*m™' At™2 and calculate

0G = (dG/dAr)y 6Ar + (dG/dAt)y 6At + (dG/dm)y dm

in an arbitrary reference system R; the subscript emphasizes
that the derivatives are calculated at arbitrary Ary, mo and At.
Apparently a well defined value of gravity constant seems in-
consistent with the arbitrariness of At, Ar and m inherent its
physical dimensions and required by the positions (2,2). Yet
the chance of compelling 6G = 0 establishes a constrain on
the variability of the constituent factors that makes the defi-
nition of G compatible even with a constant value; moreover
this constrain is ensured at any age of the universe just be-
cause of the arbitrary values of Ary and my that represent its
size and total mass at any age Afy. So the problem is not the
constancy of G, but that of demonstrating a sensible physi-
cal meaning of the constrain itself. Divide both sides of the
previous expression by Arg / (moAtg) and put 6G = 0; this is
not necessarily true because some theories regard G as time
dependent function [15, 16], yet let us implement for simplic-
ity this usual position. Here dm # 0 because some models of
universe, the so called self-creation cosmology models [17],
introduce mass production as a function of time. One finds
thus 30Ar/Ary — 6m/my — 26At/ Aty = 0. Exploit the fact that
the range sizes are arbitrary and that the increments 6Ar, 6m
and 0At are arbitrary as well and of course defined indepen-
dently of Arg, mg and Aty; then regard

A
SAr = 220 5Az

2 2mg SAr Aty

in order that this equation has in particular a physical meaning
of specific interest for the present model. So let us write
3 Arg om

N=>-——
A0 = 5 = s AT

L AV()_

c
=—; O6Ar=—06At
c Ao r

a(r)
where a(?) is a dimensionless arbitrary function of time. Con-
sider now the particular case of very small range size incre-
ments via the positions 6Ar — dr and At — dt, possible just
because of their arbitrariness, and integrate both sides of the
former equation between two arbitrary r and r, to which cor-
respond the respective times #; and #, necessary for a photon
to travel the space range y = r, — r;. Of course the integra-
tion reads y = f,fz a(t)~'cdt. Therefore with these integration
limits and this definition of the constant ratio Arg/Aty, the
resulting equation has the well known physical meaning of
particle horizon distance and introduces the concept of scale
function a(t).

To complete this analysis on the physical dimensions of
G, put Sm — dm consistently with dr and dt and consider
that the equation of a(¢) takes the form dm = «@(3/2 — a(t))dr,
where a = 2myg/Ary; having defined dr = cdt/a(t), one finds
dm/a = 3ca(t)™'dt/2 — cdt. The integral of this equation
between the fixed times #; and #, arbitrarily defined and the
corresponding m; and my yields (m; —m)/a = 3(r, —r1)/2 -
c(t, — t1). In general an equation having the form a~'ém =
36r/2 — cdt does not have specific physical meaning, because
the quantities at right hand side are arbitrary; for instance

Sebastiano Tosto. Space-Time Uncertainty and Cosmology: a Proposed Quantum Model of the Universe 5
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om = 0 if in particular 6r = 2¢dt/3, whereas any other value
of 6m # 0 would be in principle allowed as well. This simply
emphasizes that the physical meaning of a(f) is not hampered
by constrains on the values of om or 6At or y. Yet it is also
possible to split the equation into my/a — 3r,/2 + ¢ty = 1y
and m;/a — 3r;/2 + ct; = ry, with ry arbitrary, which read
thus my /@ = 6r; and m/a = 6r] with 6r] = rg + 3r2/2 — ctp
and or{ = ro + 3r1/2 — ct;. These equations have in effect a
well defined physical meaning, because they read m;/or; =
my/6r] = const. The chance of having inferred from G an
equation having the form m/ér* = const is important because
it links uniquely any mass m to a corresponding range or* via
a proportionality factor const; as this link must necessarily in-
volve G via a constant term, one expects by dimensional rea-
sons that necessarily const o« G/c>. Before concerning this
point, note that these results have been obtained simply defin-
ing G = Ar¥m~' Ar2, rather than by implementing additional
hypotheses; thus this way of regarding G contains inherently
concepts essential to describe an expanding universe.

To better understand the last result, let us consider a fur-
ther way to exploit the physical dimensions of G via (2,1).
Rewrite G = Ar’/(mAf%) as Ar = Gm/v* with v = +Ar/At;
so v is the average velocity necessary for a particle to travel
Ar during a time range Af in any R, as stressed before. The
maximum value allowed to v, defined along one coordinate
axis for simplicity, introduces a minimum range size Arg of
Ar given by Arg = Gm/c*. By definition Ary is the distance
traveled by a photon starting from an arbitrary point, defined
without loss of generality as the origin of R. Since the photon
can move around the origin towards the negative or positive
side of the reference axis with equal probability, as indeed ei-
ther sign of v is identically admissible, Ary is one half of a
total uncertainty range Ar,; where the photon is certainly en-
closed; so Ar; = 2Ar yields

Ary = 2Gm/c? (2,3)

that defines therefore the boundary of the space range outside
which the photon cannot escape. This range size has a general
physical meaning characterized by the ratio m/Ar only; also,
the same holds of course for a massive particle having v < c.
This equation, already inferred in a more general way still via
(2,1) only [18], has the same form just found examining a(?):
here we simply acknowledge that const = 2G/c?.

Consider eventually that (2,1) read Ax = (Ae/Apy)At;
moreover it is shown in the appendix that Ap, = v,Ag/ 2,
so that Ax® = (c?/v,)3Ar’. Dividing both sides of this equa-
tion by mA#? one finds Ax®/(mA#?) = (¢?/v,)*At/m. Hence

AX3 B A At B C2At. Vx
mA2 & m’ T Ax
Define & = &g &., so that the right hand side of the first (2,4)
reads (¢/£.)*At/m and the left hand side £ Ax? /(mAr*). Mo-

reover regard in particular Az = At, and Ax = Ar,; this is cer-
tainly possible because all range sizes of (2,1) are arbitrary,

éE<1l. 24

so they can be regarded with reference to any specific case of
interest. It is also possible to define &g in order that the left
hand side term corresponds to the value of G with the known
values of Ar, and At,, so that (2,4) yields also the value of &.;
in other words (2,4) splits as follows

3
Ar;

) A A, )
mAtg ’

s &=écé <

a8 om

G=¢& (2,5)

The previous considerations have evidenced that both expres-
sions are compatible with a constant value of G. The problem
is to show that in this way & effectively verifies the required
inequality. The numerical results for m = m,, yield &g = 0.17
and & = 1.79, i.e. € = 0.3. According to (2,4) & does not
depend directly on m, whereas (2,5) show that &; and &, do.
For instance, repeating the calculation with m = 10m, at the
same At, one would find &; = 0.36 and &, = 0.84, of course
still consistent with the same £. In both cases &g and &, have
reasonable values, as in general a proportionality constant be-
tween two correlated quantities is expected to be of the or-
der of unity; if not, then some physical reason hidden in the
concerned correlation should account for its actual order of
magnitude. Actually the factor ten just introduced is not ac-
cidental, although it appears at the moment arbitrary and un-
justified; its physical meaning will be highlighted in the next
section. So are of interest the following values

M, =10my; &6 =036; & =0.84; v,=03c. (2,6
These estimates imply that v, of (2,4) takes the meaning of re-
cession velocity v, of today’s universe boundary, being speci-
fically calculated via Ar, at our current time Az,. Yet there is
no reason to think that the ratio Ar/At is necessarily constant;
so (2,4) prospects in general a variable expansion rate con-
trolled by this ratio at different ages of the universe. More-
over, since v, should reasonably depend also on the amount
of mass within the universe, one expects a link between Ar,
and m, or more likely M,; in effect this conclusion will be
confirmed in the next section.

At this point, therefore, the first target of the present mo-
del is to highlight how v, is related to M, via Ar,, see in
particular the next equation (3,3) that is the key together with
(2,5) to link Ar, and At, to M,. The model is described im-
plementing first these today data, useful to assess the results,
then it is also extended to past times when necessary. For
reasons that will be clear soon, it is useful to begin with the
matter era. The starting points of the present paper are not
the general relativity and the Friedmann equations, but the
quantum equations (2,1). The paper aims to check the ef-
fectiveness of this approach to formulate a possible model of
universe. The worth of the present approach relies in particu-
lar on the fact that just (2,1) have been proven suitable to link
the roots of the quantum mechanics to that of the special and
general relativity [13,14].

6 Sebastiano Tosto. Space-Time Uncertainty and Cosmology: a Proposed Quantum Model of the Universe
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3 Physical background of a possible model of the uni-
verse

According to (2,1) and positions (2,2), the key quantities of
the present paper are not r,, and ¢, but the ranges Ar, = r,—rg
and At, = t, — tp. Let r, be the current coordinate of the
boundary of the universe at the time 7, respectively defined
with respect to an arbitrary initial value ry at the arbitrary
time #p. As previously emphasized, these latter coordinates
are in turn fixed in an arbitrary space-time reference system
R. Once accepting the quantum approach shortly introduced
in section 2 to describe the universe as a quantum system,
however, both ry and ¢, are deemed unknown and unneces-
sary to infer the eigenvalues of the physical observables, de-
scribed instead by Ar, and Az, only; moreover no particu-
lar R is specifiable, in agreement with one of the basic hy-
potheses of the relativity according which all reference sys-
tems are equivalent to describe the physical systems. If the
uncertainty ranges only have physical meaning to define the
quantum eigenvalues describing the observables, as shortly
sketched in section 2, then this kind of universe has no de-
fined center; this latter should be determined with respect to
the origin of R, which however is undefined and indefinable
itself like ry and fy. Hence the physical universe is a space-
time shell between the radii ry and r, that define Ar,. As
the same holds for the time, the beginning of time defining
the cosmological space-time is conceptually unidentifiable; it
could be t = 0 or ¢t = £y or any intermediate time. Strictly
speaking, Ar, and At, only characterize the actual physical
features of today’s quantum universe. It means that ry and ¢,
and in an analogous way & and p( of the respective ranges,
characterize a pre-universe only; i.e. they are precursors of
the space-time quantum ranges of (2,1) to which are actually
related the physical observables of the universe. In fact, the
following considerations will confirm the idea that trying to
determine the initial values ry and fg is in fact inessential. The
starting point of the present model is introduced as follows.
Consider Ap, = nh/Ar putting Ap, = h/A, — po: coherently
with Ar, also Ap, defines an allowed range of local radial
momenta falling between i/, and pg, both arbitrary. This
equation yields in particular, specifying Ar = Ar,,

nd, = 2nAr,; A, = 4,:0/(o — 4,);

Ao =h/po. 3.1

Whatever 1y might be, A, introduces a new wavelength A,,;
this result has in principle general valence because of the fun-
damental character of (2,1). For instance (3,1) imply a con-
dition well known in quantum mechanics: an integer number
n of wavelengths 4, around a circumference corresponds to
steady electron waves around a nucleus, in agreement with
the quantization here introduced just by n. As A, has been
defined without specifying the nature of the wave it charac-
terizes, let us concern the particular case of a steady electro-
magnetic wave of wavelength 4, traveling on the surface of
a sphere. The assumption ry < r, brings thus to mind a hy-

perspherical four dimensional closed universe of radius Ar,
surrounded by a light wave running around any diametric cir-
cumference. This preliminary standpoint suggests in turn a
possible hypothesis about its hypervolume and hypersurface
V.= @n/3)Ar); A, =4nAr, (3,2)
filled with an amount of matter such to fulfill both (2,3) and
(3,1). This also suggests regarding the universe consistent
with the condition of “maximum growth efficiency”, i.e. like
a supermassive black hole; in effect, the previous considera-
tions show that this conclusion is compatible with the analysis
of the physical dimensions of G. Usually a black hole is al-
lowed to form when any system, e.g. a star of sufficient mass
at the end of its life cycle, collapses down to a critical radius
fulfilling (2,3); so is seemingly surprising an expanding uni-
verse regarded as a supermassive black hole. Yet there is no
physical reason to think that in general the shrinking process
is the distinctive condition allowing a black hole; this usual
idea implemented to explain observable events occurring in-
side the universe cannot be extrapolated to the behavior of
the whole universe itself. Indeed Ar, has been inferred via
the physical definition of G simply exploiting (2,1), regard-
less of any specific reference to collapse events. Actually the
present hypothesis seems reasonable for a growing universe,
whose main requirement is to prevent mass and radiation en-
ergy losses outside it that could avert its possible evolution.
According to the Hawking mechanism based on the vacuum
polarization in the presence of a strong gravity field, a black
hole inside the universe is able to split a couple of virtual par-
ticles generated by vacuum quantum fluctuation; it captures
one of them, while releasing the other that thus appears as an
ordinary particle. Outside the universe however this mech-
anism does not hold, as the concept of vacuum is replaced
by that of “nothing”. So no energy can escape outside Ar,.
The universe is thus a closed box unobservable from an ex-
ternal observer possibly existing. This point of view is as-
sessed preliminarily by introducing the Schwarzschild range
(2,3) and identifying Ary = Ar, and m = m,; this position
yields Ary = 4.5 x 10%° m, which is not very far from the esti-
mated literature radius of the universe. Considering however
that m, quoted above is surely underestimated, as already em-
phasized, it is not surprising a value of Ar, smaller than the
expected Ar, consistent with (2,3). Trust thus to the size of
Ar, and try to replace m, with a value M,, > m, defined by

Ar, = 2M, G/, (3,3)

one finds

M,=3x 1073 kg; M, = m, +my ~ 10m, (3.4

i.e. a total mass higher than the literature estimate of the vis-
ible m,,, as anticipated in section 2. This equation includes
both the visible mass m, plus a further contribution m- to be
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explained next. Actually nothing excludes in principle the hy-
pothesis (3,3), which in fact can be checked in several ways.
So in the following M), only, and not m,,, will be implemented.
Estimate with the help of (3,2) and (3,3) the average density
of the universe

3cb 3 ¢\
W = 3.5
Pu= 30aM2G3 T 832G (Aru) (35
which justifies why this paper starts just from the so called
matter controlled era.

The most direct consequence of (3,3) is the Hawking en-
tropy. Define first the circular frequencies of a light wave
trapped by gravity around the border of the universe as

Wy = NWy; wy, = ¢/(2rAr,)
in agreement with (3,1); so the boundary layer of the universe
is marked out by the allowed frequencies of the electromag-
netic field surrounding the total mass M,,, whose energy &, is
given by

wp = 1.1nx 107" 57!

- _ -53
= omhr 1.2nx 1077 J.

Ew

Then let us concern also the total energy &, = M,,c? due to
the whole amount of mass present in the universe. Since one
expects that bulk energy g, and surface energy &, should be
someway correlated, the simplest hypothesis is to introduce a
dimensionless proportionality factor o such that &, = ope,,.
To infer the physical meaning of oy, calculate the mean val-
ues of this equation, which reads < ¢, > = oy < g, >. Clear-
ly < &, > = g,. The standard way to calculate <nfiw, > via
the partition function is well known; noting that fiw, < kgT
is verified for T down to values of the order of 1072% K, one
finds < nfiw, >~ kgT. So kgoy defined by an energy over a
temperature can be nothing else but entropy. With the help
of the Plank length [p = /AG/c3, one finds indeed thanks to
(3,2) and (3,3)

c* Ar,
&, = — .

e = Sahr G 2

<& > A ke
<nhw, >~ 413 B

Oy =

In effect, oy coincides just with the well known Hawking
surface entropy in Boltzmann’s units.

Before discussing further evidences to support the idea of
black hole-like universe, as concerns in particular the value
of M, hypothesized here, let us implement the right hand side
of (2,1): one finds Ae, = h/At,, whose physical meaning
is clearly that of energy uncertainty range within which is
defined the energy g, of the universe. Moreover, multiplying
both sides by M,,, one finds

h
S 24x107%71; Ap, = \VM,Ae, =9 kg m/s.

So the uncertainty range of the momentum p,, of the universe
has size of the order of the Planck momentum. The fact that
the size of Ag, is very narrow means of course that ,, what-
ever its value might be, is defined almost exactly. Itis interest-
ing to implement this result via the definition of G. Replace
m with M, and At, = h/Ag, in the second (2,5); one finds
thus Ag, = hic®/ («ff,GMu) = 1.4{-‘;3 x 1072 J. Therefore Ag,
here calculated with &, = 0.84, i.e. with the same value of
(2,6), agrees with that obtained here directly from (2,1) via
the age of the universe only. So this result on the one hand
supports the value of M|, previously found, on the other hand
it also confirms that the physical dimensions of G actually
summarize the quantum features of the universe.

Owing to (3,3), the second (2,4) reads

_ b A

Ve = AL TG oM,

(3.7

whose numerical value coincides of course with that of (2,6).
According to (2,5), an increasing ratio Az, /M, means a small-
er mass at At, and thus a greater vy, as it is natural to expect.

To implement further these considerations, note that vjoG
yields a frequency; so, replacing p with p, of (3,5), one finds

VouG =24 %1071 s71,

This value is nicely twice the ground value of (3,6), even
though calculated via G only and regardless of the condition
(3,1); i.e. it requires n = 2. This result has a remarkable
physical meaning that will be highlighted later. After hav-
ing examined the physical meaning of the ratio hw,/e, let
us consider now the ratio fiw,/Ag,: we emphasize that the
deviation of M, from the visible mass m, is controlled by
the constrain between (3,6) and (2,4), i.e. between the sur-
face energy hiw,-» = fic/(nAr,) of the electromagnetic wave
surrounding the universe and the uncertainty energy range
Ag, = K/ (§3GMM) = h/At, of the bulk universe; indeed
with the help of (3,3) and (3,6) we obtain

3.8)

ncAt, nv,
w,At, = = ;
T 2nAr,  2mc

fiw, n
=% L005n (3.9
n/AL 22 n (39

according to the values (2,6), which yields 7w, /(i/At,) ~
0.1 = m,/M,,. This result is crucial to understand the physical
meaning of m», as highlighted in section 4.

Consider now that the ratio c¢/Ar, of (3,5) has physical di-
mensions time™'; thus it is definable in general as a/a, being
a a function of coordinate and time. It is known that Ar; ! de-
scribes the local curvature of a surface; so ¢/Ar, must be actu-
ally expressed as (@ + b)/a via an additive constant b, without
which the curvature of the universe would tend to zero merely
for a tending to a constant. Instead it seems more sensible to
think that even for constant Ar, the curvature becomes con-
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stant itself, but not necessarily equal to zero. So (3,5) reads

8np.G  (a\> (b\* 2ab
B (_) a) T
. a a a (3.10)
c a b
=—|1+ -
Ar, a ( a)
i.e., more expressively,

8mp, G " b b 3H? v
P Zp—=1+7 2+T;pc=_; Hzt_l
3H? Oc a a G a

Despite the quantum approach has been carried out regard-
less of the general relativity, the conclusion is that b/a < 0 or
b/a = 0or b/a > 0 depending on the ratio p,/p.; either sign
of b/a depends on that of @ and b controlling the curvature
according to (3,10). Calling b = +c and A = ¥6H/(ac) the
right hand side reads H> + (c/a)*> — Ac?/3, i.e. this equation
reduces to the Friedmann equation; H is the Hubble parame-
ter and A the cosmological constant. The implications of the
Friedmann equation, as concerns in particular the parameter
k, are so well known that a detailed discussion of (3,10) is
superfluous. We emphasize the crucial role of (3,3) to obtain
directly from (3,5) this result, which however compels auto-
matically accepting here p,/p. > 1 once having hypothesized
since the beginning a closed universe with hyperspherical ge-
ometry. If this inequality is such that p, /p. = 1, then the pre-
vious considerations are consistent with an almost Euclidean
closed universe, in which case

2 (2 + é) > 0.
a a
This is verified by 0 < b < a and b/a > —2. Now, after
having preliminarily verified the hypothesis (3,3) suggested
by (3,1), let us check also the self-consistency of the consid-
erations hitherto exposed examining once more c/Ar,,.

It is reasonable to think Ar, proportional to the age At,
of the universe; so it is possible to write a series expansion
defining Ar, as Ar, = ijlaj(cf)f, where f = f(Af) is an
appropriate function of time to be defined and a; are constant
coefficients of the series. Rewriting more conveniently this
series as Ar, = ajcfo, where ¢ = 1 +aycf/ar +as(cf)?/a, +
-+, one expects that a; of the first order term should be close to
the unity for the aforesaid reasons. Implement once again the
physical dimensions of G similarly as done before and put in
particular f(Ar) = At,; if this position is correct, then Ar, =
ajcpAt, with ¢ ~ 1 yields a; ~ 2c/&2. On the other hand
&, of (2,6) has been calculated in order to fit the numerical
value of G = *At,/(£2M,) of (2,5), which results also in
agreement with that of (3,9); as this equation of G reads Ar, =
(2c/&E})At, with the help of (3,3), one finds at the first order
a; ~ 20/53 and thus Ar, ~ (2c/§2)(pAtu. Also this result
agrees with the previous estimate of &, defining Ar,/At,: in
effect from (2,4) and (2,6), Ar, = (c/é)At, compares well

3,11

with Ar, = (2c/§3)Atu because the values (2,6) verify &' =
2/£-3. This confirms that effectively ¢ ~ 1. Hence defining

1
pAL,

Hy

one finds with a; ~ 2¢/£ and once more the given value of

&
2c

" E4Ar,

So at the first order H( coincides with At;' ; moreover the sec-
ond (3,10) yields H(1+b/a) = £/(pAt,),i.e. 1+b/a ~ éEHy/H
and thus 1 + b/a = 1 in agreement with (3,11). The present
estimate of H) fits well the average value of the Hubble con-
stant, which according to recent measurements falls in the
range (2.2 +2.6) x 10718 571,

These results justify the advantage of introducing the pre-
sent quantum model with the matter era; once having esti-
mated Hy and inferred the Friedmann equation, it is easy to
describe also the radiation controlled era as shown below.

It is worth emphasizing the strategy of the present ap-
proach. The standard way to infer cosmological information
is to find the solution of the gravity field equations and next
to implement the Friedmann solutions: these equations pro-
vide information about the open or closed geometry of the
universe. Here a different approach has been followed. The
quantum equations (2,1) have been implemented since the be-
ginning to introduce the wavelength 4, and formulate by con-
sequence the concurrent hypothesis (3,3) about a possible ge-
ometry of closed universe; thereafter this preliminary idea has
been checked to infer (i) the Hawking entropy, (ii) the link be-
tween mass density and curvature radius of the universe, (iii)
to obtain a Friedmann-like equation and (iv) to estimate the
Hubble constant. Moreover, exploiting the same approach
outlined in section 2 for the angular momentum, the factors
that define the physical dimensions of G allowed to correlate
correctly size, age and mass of the universe. The remain-
ders of this paper aim to implement these preliminary ideas
to show that further reasonable results are inferred hereafter.

H, =24x1078s71

3.1 The matter era

Let us estimate the average mass and energy densities p, and
Nin = puc2 of the universe, which result to be with the help of
(3,2) and (3,5) of the order of

M, 37
pu= 2t = 2C _87x 1078 kg/m’
Vo  2A.G 31
M,c? 3ct 1 3 ©:12)
= = =7.8% 1071 J/m’.
Tn =Ty " T 24,6 /m

These values reasonably agree with that calculated in a very
different way in [18]; the corresponding “non-visible” energy
density is instead of the order of

1 = 3mac? /(AnArd) = 7x 107 J/m?;,  my ~ 9m,,.
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The ordinary visible mass of the universe is about 10% of
the total mass only, whereas the remainder mass m, accounts
for the 90% gravitational effect responsible of the black hole-
like behavior of the whole universe. The average density
Py hides the physical nature of the actual total mass. More-
over, besides m,, of visible stars, M, consists of a preponder-
ant contribution m» of different physical nature: for instance
all black holes possibly existing in the universe, or interstel-
lar gas and dust, or free elementary particles, and so on in-
cluding also the so called dark mass. A complex system of
particles contributes to M,, whose actual nature is however
not explicitly concerned in neither of (3,12). According to
some theories the elements were formed inside the stars by
neutron bombardment of light nuclei and subsequent 8 de-
cay, e.g. [19], other authors believed instead that elements
were formed during the early stages after the big bang, e.g.
[20]; more recently other authors returned to their formation
inside the star by virtue of several nuclear processes [1]. De-
spite (3,12) waive specific information about the actual com-
position of M, the assumption of large scale homogeneity
and isotropy of the universe supports the effective physical
meaning of average p,. Moreover the concept of quantum
delocalization introduced by (2,1) stimulates itself the idea
of average mass spreading uniformly throughout the universe
likewise as the energy field of light radiation. This idea is
useful to link the matter era to the earlier radiation era. It will
be emphasized in the next subsection 3.2 that the radiation
field, almost mono-chromatic at the beginning of the radia-
tion era, turned into a more complex spectrum of wavelengths
because of the concurrent expansion of the universe; so quan-
tum fluctuations and possible events of constructive interfer-
ence, statistically allowed to occur anywhere in the radiation
field, promoted favorable conditions to form local couples of
virtual particles uniformly distributed in the available volume
of the early universe. It is known indeed that proton and an-
tiproton virtual couples are formed by vacuum fluctuations
and high order two-photon interactions during photon fluctu-
ations able to generate fermion-antifermion pairs [21]. So it
seems reasonable to guess that this mechanism triggered the
evolution of the early radiation field to couples of virtual par-
ticles continuously annihilating and re-materializing up to the
later formation of colder real matter. Some considerations on
this point will be shortly sketched in the appendix. For the
purposes of the present paper, however, it is enough to ac-
knowledge that today’s p, corresponds on average to about
one half proton mass per cubic meter of universe and that
(3,12) hold identically while considering the mass of antipro-
tons. Despite this idea is mere statistical abstraction, (3,12)
are useful for the purposes of the present model; they imple-
ment the assumed homogeneity and isotropy of the universe
in its strongest form possible. Even with such information
only, i.e. whatever the actual abundances of the j-th elements
of mass m; might be today within each unit volume of uni-
verse, it is possible to introduce: (i) an elementary volume

Vo physically located anywhere and defined as that contain-
ing on average one proton or one antiproton and (ii) a linear
combination m, = ) a;;m; that accounts via the local co-
efficients a;; = a;;(xi,yi, zi,t,m;) for the actual composition
of real matter progressively formed everywhere after the ra-
diation era. These coefficients weight the time profile of the
local effective abundances, e.g.: they are null if the pertinent
coordinates of a;; correspond to an empty volume of universe
where m; = 0, moreover all a;; were equal to zero during the
early radiation era, and so on. Since the local coordinates are
conceptually disregarded by (2,1) and positions (2,2), how-
ever, let the indexes i and j number respectively the N;, ele-
mentary volumes Vy, of the universe and the various elements
therein formed a time range At after its birth. The abundances
are subjected to the boundary condition of the first (3,12); for
instance, at today’s At, this point of view is summarized by

the sums
1
Pu = vu izjaijmj
a;j = a;j(Voi, At,m;)

Z a;jm; = N,-,,mp.
ij

(3,13)

The first two equations emphasize the local composition of
Pu, the last one fits in particular the condition of today’s av-
erage density. In fact (3,13) regard the universe as a lattice,
whose elementary cells are the volumes Vy, uniformly occu-
pied by one proton or one antiproton of every virtual couple
with equal probability. Each cell is therefore a possible al-
lowed state for either of them, i.e. the universe is statistically
described by a total number N;,, = V,,/Vy = 1.7 X 1080 of de-
generate states corresponding to 1;,; also, since by definition
each Vj contains on average one proton mass, m,N;, = M,.
So according to (3,12) the energy levels sy, of one proton
or one antiproton in the respective V|, states are m,,c2 /2 and
m ,—,cz/ 2, 1.e.

ey, =78x107" ], Vo=2m’ (3,14)
in order that effectively M, /V, = m,/Vj, in agreement with
(3,12). Of course ey, includes also the interaction energy be-
tween charges in different cells, e.g. that of couples of all vir-
tual particles possibly generated together with energetic pro-
tons and antiprotons; this is possible because M,c? involves
the visible mass energy m,c? plus the contribution of n,c>.
Note eventually that despite M,,c* results statistically equiva-
lent to the sums

D Vo pror + EVoamipror) = Nintpe? 12 + Nigmpc? /2 (3,15)

1

over all the elementary volumes Vj, it will be shown later
that an effective entropy driven mechanism in fact marked the
transition from the radiation era to the matter era; so the sum
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of (3,15) reads actually

_ 2
Z(SVOprot + Svoanliprot) = Ninmpc™. (3,16)
i

Before describing this mechanism, the results so far obtained
are summarized as follows: (i) each cell is in fact an allowed
state for one proton or one antiproton; (ii) (3,14) represents
the excitation energy necessary to remove either of them from
its own V{ and leave behind an empty cell; (iii) the latter rep-
resents a vacuum state, whereas either particle present in Vj
defines an occupied state.

To highlight the physical meaning of these points, con-
sider an arbitrary mass m at the boundary of the universe.
The shell theorem shows that the gravity force acting on m
is that due to M,, regarded in the ideal center of a spherical
body; so is accordingly calculated for a radius Ar, its en-
ergy € = GM,m/Ar, that, exploiting once again (3,3), reads
also & = mc?/2. If for instance m represents the mass of
one proton or one electron, m, = 1.7 x 107" kg and m, =
9.1 x 103! kg, then one finds

M, 2
e, =G -2 =T 0% 10710
Ar, 2 317
M,m m,c? @17
g, =G ——< =" =54x107"].
Ar,

The second (3,17) emphasizes that if the volume V;; would be
occupied by one electron with its own energy level m,c?/2,
then V would represent a possible state for this electron. To
clarify where anyway does m come from, note that at today’s
At, the proton energy level ey, inside any state V of the bulk
universe, (3,14), is equal to the energy &, (3,17), of one pro-
ton at the boundary of the universe. So

(3,18)

Ep = &y,

This equation in fact reads 22 = M,G/Ar,, which is noth-
ing else but (3,3). Thus (3,18) and the first (3,17) do not de-
pend on the proton mass, and hold whatever else m, might
represent. Moreover neither the analytical form of p, nor that
of n;, introduce explicitly m,. Rather, the latter introduces
the mere Planck force ¢*/G acting on the total surface A, of
the universe. There are two reasons why the average values
defined by (3,12) and (3,13) have importance for the follow-
ing discussion: on the one hand, the right side of (3,12) links
correctly energy density and pressure; on the other hand, be-
ing known that the pressure of a perfect gas is 2/3 of its en-
ergy density, the second (3,12) suggests regarding 7;, in each
volume V; as due to a proton/antiproton gas occupying uni-
formly all bulk states of the universe. As this average pressure
appears to be a physical property of all elementary volumes
Vo, then the internal pressure that characterizes the whole uni-
verse results to be, again via (3,3),

2 M, > o

P;, = =
A,G

37V =5.6x%x 107" Pa.

(3,19)

The fact that even P;, does not depend explicitly on m, sug-
gests that (3,12) have actual physical meaning. The factor
2/3, numerically irrelevant in the frame of the order of mag-
nitude estimates proposed here, is however conceptually sig-
nificant to check the physical meaning of (3,12). Taking into
account (3,16), (3,19) reads
PV, = 2 E;
mYu — 3 ]
The surprising fact is that the mere definition of energy den-
sity, without any additional hypothesis, portrays the whole
universe as a container full of quantum or classical gas, whose
mass M, exerts Planck force against its inner boundary; in-
deed the first equation holds for Boltzmann, Bose and Fermi
statistics, which confirms that effectively any kind of quan-
tum or classical particle, thus why not the proton, is com-
patible with M, without affecting the validity of (3,19). Fur-
thermore this picture holds at any time, because the surface
A, can be replaced by any A likewise related to the pertinent
M|V whatever the numerical value of the ratio might be. For-
mally this is justified by the second equation, where E result-
ing from M, c? is also associated to a number N;, of proton
masses fulfilling the global energy conservation. Yet the sim-
ple equivalence matter/energy does not seem enough to ex-
plain why chunks of matter like asteroids or stars or cosmic
powder could mimic the pressure of a proton gas of equiva-
lent total mass filling uniformly the universe. This is how-
ever a classical way to think the universe. More stimulating
appears in this respect the quantum character of the present
model. First of all, the couples proton/antiprotons have been
guessed as mere numerical hint due to the average value of
the mass resulting in (3,12); but in fact any gas could be con-
sistent with (3,19), which indeed does not make explicit ref-
erence to m,. The chance that any gas mixture could con-
tribute to E is a step towards introducing the actual existence
of chemical abundances symbolized by various m;; the first
(3,13) merely means that the degenerate proton or antipro-
ton energy levels m,c?/2 split into a complex system of non-
degenerate energy levels describing the local bound states of
cosmic matter. From this point of view, the energy conser-
vation between two different systems of quantum energy lev-
els appears more pertinent: since in principle one level could
split into several non-degenerate levels in an infinite number
of ways, the energy conservation appears as essential bound-
ary condition to calculate the latter from the former, rather
than a mere statistical abstraction. More significant is how-
ever the dual wave/corpuscle behaviour of matter. A body
of real matter is superposition of waves to form a group in
principle spreading from minus infinity to infinity but with a
maximum probability of being somewhere: the amplitude of
the wave packet rapidly decreases at the edge of a region that
determines the most probable position and the finite extent of
the body, whose possible motion is nothing else but the group
velocity of the wave packet. It is known that the electromag-

2 _ 5 — 2
M,c® = E = Nyympc”.
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netic waves exert a pressure, whence the photon gas physics:
why not to think the same about delocalized matter waves,
according to (2,1)? If so, then the matter era began when
matter waves started to appear in the pre-existing field of elec-
tromagnetic radiation according to the mechanism [21]. The
appendix gives some more hints on this topic.

On the one hand these considerations are interesting be-
cause P;, controls the expansion of the universe, as it will be
shown below; on the other hand the idea of V{, bulk states al-
lowed to protons and antiprotons, although suggested by the
numerical values of (3,12) only, is attracting because it links
radiation era and matter era, at the beginning of which cou-
ples of matter/antimatter particles were in fact formed. Any-
way the significant conclusion is that (3,17) to (3,19) skip m,,
and thus can be further implemented in the following regard-
less of whether the volumes V| are really occupied by protons
or any other mass.

Exploit (3,19) to infer the average temperature 7 related
to P;,in V. Here T ~ E/(N;,kg) = mpc2 /kp helps to estimate
the average temperature in each elementary volume Vj; one
finds T ~ 10'3 K. This estimate fulfills the usual statistical
meaning of temperature, as the proton here concerned has a
statistical meaning itself. To better assess this result consider
the pressure P of an ideal gas of molecular weight M,,,; and
average density p in the volume Vj, so that p = PM,,,;/RT.
Exploiting (3,12) and (3,19) at the time At, to express p = p,
and P = P;,, one finds M,,/V, = @M,c?/3V,)M,..;/RT, i.e.
T = 2¢>M,,,;/3R. Hence T is explicitly related to the specific
M0 only, regardless of the time Az, and related universe vol-
ume V,,. A uniform distribution of hydrogen in each V), i.e.
M, = 1073 kg, estimates again T ~ 10'3 K, in agreement
with that inferred directly from mpc2 /kg. Even the formation
of hydrogen will be justified in the subsection 3.4 as a conse-
quence of the step from (3,15) to (3,16). This large value is
enough for protons to form further couples of virtual photons
and fermions/antifer-mions; this supports the idea that effec-
tively the protons early formed trigger the successive energy
balance in V|, qualitatively indicated in (3,13).

The previous ways to estimate 7" refer to the time where
early hadrons began to form everywhere in the radiation field
of such universe and indicate a temperature corresponding to
a uniform distribution of virtual couples occupying the avail-
able states at the end of the radiation era. The same equa-
tions could in principle estimate the local T even during the
subsequent matter era, when the bombardment with energetic
neutrons allowed forming heavy elements; yet the concurrent
clustering of matter determined a structure of the universe lo-
cally inhomogeneous, so at that later time a unique average T
does no longer make sense. Actually both time and volume
of the universe determine the value of M,,,. In particular, the
expansion of the universe is crucial to determine the time pro-
file of T after the radiation era: the hypothesis (3,3) requires
M|/Ar = const, which also compels that M/Ar? is a decreas-
ing function of time for increasing Ar. So an increasing frac-

tion of empty zones of the universe corresponds in principle
to a global decreasing value of T'; the calculation of the re-
spective temperatures is not as immediate and straightforward
as in the previous case, characterized by a uniform distribu-
tion of a unique kind of early particles. In this case both local
coefficients a;; and atomic weights of the elements 7; must
be known: the sums of (3,13) are related to the abundances
within the various volumes Vjy; of cosmic objects, character-
ized by the different kinds of elements and local coefficients
a;j, and to empty parts of the universe.

A question arises now: did (3,3) and (3,18) hold even in
the past? In fact there is no reason to suspect that this con-
dition is an exclusive feature of the today space-time coor-
dinates Ar, and At,, which indeed have nothing special with
respect to any past or future Ar and At. The only necessary
hypothesis to answer affirmatively is that the current V) grows
together with the size of the universe, which is possible if its
sizes are comoving distances. Otherwise stated, let V| be the
past value of V) at any Ar < Ar, and Ar < At,; we require
mp62/2 = Mm,G/Ar, being M the past total mass. This re-
quirement emphasizes the previous remarks: the actual na-
ture of proton mass m,, is irrelevant as concerns (3,18), which
holds thus whatever m,, stands for, i.e. whatever the relative
element abundance of (3,11) in V) might have been at Az. On
the one hand ¢?/2G = M,/Ar, requires M, /Ar, = M/Ar
and thus M = c?Ar/2G, i.e. the black hole condition held
also in the past. On the other hand one expects that V{ scales
with o« A2, in order that it be definable even for the smaller
universe sizes of the early matter era; so V|| = (Ar/Ar,)*Vy,
i.e. V{ was reasonably much smaller than today’s V. In
this way multiplying both sides by N;, one finds N;,V, =
(Ar/Ar,)*N;, Vy; since by definition N;,Vy = V,, (3,2) yield
NV = (47/3)Ar3, i.e. in the early hypersphere volume de-
fined by Ar the number of elementary volumes and thus of
states allowed to the new born matter was the same as today’s
Niy. In summary

Ar
M=— Mu;
Ar,

A\
V)= (Arr ) Vo; Ny = const.  (3,20)

What is important for the following discussion is that un-
der reasonable assumptions the condition (3,18) could hold
also in the past and that N;, was since the beginning finger-
print of our universe. (3,20) help to guess the size of the
universe at the beginning of the matter era. It is instructive
to proceed stepwise calculating Ar and V| by trial and er-
ror, i.e. assessing these quantities as a function of sensible
values of M. If M would be the mass of one couple pro-
ton/antiproton only, then Ar =~ 4.9 X 1073* m, which would
mean a volume V{ ~ 2.9 X 107240 m3, unrealistically smaller
than the expected order of magnitude of Planck volume. This
value of V{ suggests an early number of virtual couples much
higher than this. More reasonable results are obtained putting
V) ~ 4.2 x 10719 m? to estimate via the second equation the
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order of magnitude of Ar, which results Ar = 5.5 x 10~ m;
with this range the first equation yields M = 3.8x10'® kg cor-
responding to about 2.2 x 10* protons, i.e. about 10* virtual
couples proton/antiproton at the beginning of the matter era.
Note that Mc? = 3.4 x 10% J corresponds to an average fluc-
tuation energy € = 3.4 X 10719J, i.e. 2.1 GeV, per virtual
couple of matter particles newly created: this is the fluctua-
tion energy of the radiation field able to create matter. It is
interesting the fact that with the given choice of V] this result
fits well the energy of a couple of protons, despite it has been
calculated implementing M,, and Ar, via (3,20) only; this sup-
ports the interpretation of (3,12). Supposing that on average
each couple of photons generates one virtual couple of mat-
ter/antimatter, the fluctuation extra energy of radiation field
increases the early Planck frequency of each couple of pho-
tons by about dw = 3.4 x 10719/ = 3 x 10** 57! to produce
matter. The obvious conclusion of this section is to admit
that before the time of mass production there was an earlier
massless era, i.e. the radiation era.

3.2 The radiation era

Consider the density p corresponding to M and Ar of (3,20)
by replacing M with h/(Ac); in this way the total mass of
the universe is expressed via the momentum //A of an elec-
tromagnetic wave propagating with velocity c¢. For simplic-
ity we have assumed that the refractive index of the medium
where the wave propagates is 1, although in principle this is
an approximation only; the aforesaid gamma-gamma physics
[21] predicts photon fluctuations resulting in charged fermion
-antifermion pairs, leptons or quarks, which couple with the
photons themselves. In the presence of electron-positron and
proton-antiproton couples of particles that typically also form
as a consequence of this kind of interaction, a refraction in-
dex equal to 1 is certainly an approximation; yet this is ac-
ceptable for the following reasoning and order of magnitude
estimates. So the late p, = 3M,,/ (47rAr3) of matter era reads
p = 3h/(4nAcAr?) at the time Ar. A boundary condition
for A comes from the fact that the early electromagnetic ra-
diation waves bounced between diametric distances 2Ar in-
side a sphere, i.e. still A = 2Ar/n with n integer accord-
ing to eq (3,1); in this way steady waves were allowed to
fill the universe at any time Afr. The internal bouncing of
radiation is justified even admitting that the early stages of
growth were allowed in non-equilibrium condition, owing to
the rapid growth of the universe size, and without radiation
energy loss unfavorable for the subsequent growth and evo-
lution of the new-born universe. So A was a function of time
like Ar, i.e. the number n of allowed frequencies increased
along with Ar; it seems reasonable to guess that an initial field
almost monochromatic evolved towards a complex spectrum
of steady wavelengths. Anyway the density of the universe in
the radiation era reads

_ 3nh 3 3nh
T 8rcArt T 4cArt

r

P

while (3,3) reads Ar = 2hG/(Ac?); so the condition 1 =
2Ar/n yields Ar = /nhG/c3. Hence increasing n means in-
creasing Ar and the number of states allowed for the radiation
field. So radiation density, radiation energy density and pres-
sure during the radiation era read

3¢’ ¢’

3¢ ) .
4nhG?’

T AnhG?’

r

P Min =

" 4nhG?

At the beginning of the radiation era, therefore, Ar = hG/c3
with 4 = Ar and n = 1 has the expected order of the Planck
length with which in effect has been calculated the Planck
volume V. Moreover estimating sc/A with A4 of the order
of the Planck length, ~ 1073 m, yields a temperature T =~
he/kgA of the order of 10° K. The fact that this charac-
teristic temperature is much higher than that estimated for
the proton in today’s Vj, confirms that actually the radiation
era precedes the matter era. Putting Ar of the order of the
Planck length, with n = 1 one finds p” ~ 4 x 10°® kg/m? and
P, =~ 10''3 Pa and 7, =3.5x 10'3 J/m?; at this stage of evo-
lution of the universe the energy & = (4x/ 3)Ar3an results
aboute] ~ 1.7x 10° J, to which corresponds a temperature of
the order of &;,/kz ~ 10°? K in agreement with that already
estimated. Estimating an energy k3T ~ 1.3 x 10°J of the
radiation field corresponding to this temperature, one finds
W =1.6x10°/ = 1.6 x 10" s7! i.e. a radiation field with
Planck frequency. These values correspond well therefore to
the Planck pressure, energy, frequency and temperature.

So, trying to understand the physical meaning of these re-
sults beyond the numerical estimates, the radiation era was
just after the very early time step of the creation of radiation
just concerned; this initial step can be therefore nothing else
but the Planck era. The huge internal pressure accounts for
the rapid volume of the universe. Note that the value of &,
is large, but not spectacularly high like P and n; ; these lat-
ter are due to the extremely small values of Planck volume.
These ideas explain thus the subsequent beginning of the mat-
ter era, during which however the expansion mechanism of
the universe was somehow different.

3.3 The universe expansion in the matter era

Comparing (3,17) and (3,14), it has been already noted the
similarity between the gravitational energy &, of one pro-
ton at the boundary distance Ar, and the energy sy, existing
within each Vj, just because of the presence of the proton it-
self. (3,20) have been accordingly inferred. If the proton, or
whatever else its mass might actually represent, would be ide-
ally removed from any volume Vj, internal to the universe and
displaced to the boundary of the universe, the energy lost by
Vo is balanced by that transferred to the boundary; within the
limits of the present order of magnitude estimates, there is no
net gain or loss of energy in this ideal process. This suggests
that creating a vacancy in the universe after ideally moving
its average amount of matter per unit cell just to the external
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boundary of the universe occurs at zero energy cost. Strictly
speaking &, should have been calculated in principle writing
M, — m,,, the numerical difference being however completely
irrelevant for one proton only. Actually this reasoning is ex-
tensible to describe a relevant number of protons regarded at
the boundary; as M,/m, ~ 10%, for a large number n, of
protons such that 1 <« n, < M,/m, still holds (3,18) be-
cause M, = M, — npm,. This means that large numbers of
protons are expected to contribute to this ideal transfer pro-
cess, i.e. large numbers of empty cells are to be expected in
the universe. Of course the comparison between ey, and g,
has statistical meaning only, despite the actual structure of the
visible mass in the universe and even regardless of the local
element abundances in the universe, hidden within the global
value of M, and still undisclosed when reasoning about the
mere average distribution of M,. The following remarks are
useful at this point.

- There is no actual flow of protons moving inwards or
outwards throughout the universe; the uncertainty in
the most agnostic form of (2,1) requires any quantum
particle completely delocalized everywhere in the who-
le universe. The diameter 2Ar, is a quantum delocal-
ization range inside which no information is concep-
tually allowed about the local position and dynamical
variables of any kind of particle, proton or else. So
any particle could be in V|, or at the boundary simply
provided that there are available allowed states; (3,18)
merely compares the energies of protons in two differ-
ent places where they could in fact be, i.e. everywhere
because V| could be itself everywhere in the universe.

- Two states of equal energy are allowed to the proton:
the bulk state in V{) and the boundary state at the rim of
the universe. A proton at the boundary state leaves be-
hind an empty cell Vy, i.e. a hole in one of the bulk al-
lowed states. In general occupied and empty states are
possible in the bulk and at the boundary of the universe.
The global electroneutrality is ensured by the identical
chance statistically allowed to antiprotons too.

- Both ideal chances are possible in principle despite the
black hole character of the universe: the protons do not
escape far from the boundary, they remain “glued” on
the boundary like any electromagnetic radiation possi-
bly arriving up there from the bulk of the universe. The
Hawking entropy supports this idea.

- The chance of either alternative is consequence of the
second law of thermodynamics; these bulk and bound-
ary chances concurrently possible for the protons in-
crease their number of allowed states and thus their
configuration entropy. This crucial point, which will be
further concerned later, agrees with the fact that (3,17)
describes identically the total mass M,, at the ideal cen-
ter of the universe and the mass m,, at the boundary
Ar, apart or, vice versa, the mass m,, at the ideal center

of the universe and the total mass M, concentrated on
a point at the boundary Ar, apart; indeed, according to
the considerations of section 2, the local position of any
particle is physically meaningless because of the quan-
tum delocalization within an uncertainty range. Ei-
ther extremal configuration, in principle possible for
the universe, is however unlikely by entropy consid-
erations.

- If Vj scales as described by (3,20), which is admissible
as no restraining hypothesis has been made on it, then
(3,18) previously introduced for the proton at the time
At, is unchanged at any At < At,; moreover the number
of states N;, is expected constant, as in effect it has been
found.

These ideas encourage regarding the proton in Vj as a sort
of template that symbolizes the average behavior of real mat-
ter in any bulk state and at the boundary state; as previously
remarked, this is certainly the strongest form to affirm the
large scale isotropy and homogeneity of the universe. Actu-
ally particles and antiparticles with the same m,, concurrently
formed after the radiation era have statistically the same prob-
ability of being found in the boundary state; if so, the initial
configuration of coexisting protons and antiprotons uniformly
occupying all available bulk states generates subsequently a
boundary halo of virtual couples plus possible annihilation
photons along with corresponding vacuum states and matter
states in the bulk universe. This configuration change in-
creases the total entropy of the universe. In particular, the
surface entropy at the boundary of the universe consists of
the Hawking term oy plus a contribution related to the con-
figuration of boundary states shared with that of the bulk uni-
verse. The entropy will be considered in some more detail in
the next section. It will be shown that the way of thinking
based on the degenerate quantum states of the universe rather
than on the multiplicity of states describing its actual structure
of matter, helps formulating a possible growth mechanism of
the universe. Usually growth and expansion are synonyms;
the next section emphasizes why actually it is not so in the
present model, where growth does not merely mean swelling.

3.4 The universe growth in the matter era

Let the bulk universe at an arbitrary time after the big bang
consist of a number N,,,; of V; empty cells and a correspond-
ing number N;, — N, of filled Vj cells; the external bound-
ary is thus a layer formed by N,,, glued protons and antipro-
tons missing in the bulk. So even this statistical picture of
universe is consistent with the existence of an empty part of
the real universe and its real matter structure: correspond-
ingly to the further redistribution of N,,;Vy and (N, — Npur) Vo
volumes, in principle located randomly in the total volume
N;,Vy available, clusters of matter tend to coalesce together
by gravitational interaction: the vacuum corresponds indeed
to the N, residual holes left in between. Anyway, if clusters
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of empty cells and clusters of occupied cells are numerous
enough, then their random distribution within V,, is still con-
sistent with the assumption of overall statistical homogene-
ity and isotropy. This seems indeed the case, as the number
N;, of Vo volumes has been estimated of the order of the Ed-
dington number 10%°. The chance of introducing arbitrary
numbers N, and N;, — N, of cells brings the universe to-
wards a situation of dynamical equilibrium between the for-
mer and the latter; yet this final configuration, somehow at-
tained, could be imagined as the conclusion of a gradual pro-
cess consisting of a first redistribution step N;, — N,,, and
N, of filled and empty cells, which in turn generates pro-
gressively a subsequent redistribution N;, — N,,, — N,,, and

N., + N\, of new filled and empty cells along with possible
coalescence of cells still filled, and so on. This idea stimu-
lates considering the dimensionless entropy of a current con-
figuration, o, = Niy!/ (Nows!(Niy — Noue)!), due to the fact that
all transient configurations compatible with zero energy bal-
ance are equiprobable; the subscript b stands for “bulk”. As
o, has a maximum as function of N,,,, the formation of bulk
holes fulfills the second law until this maximum is reached.
Let 0, describe a transient configuration at a given time and
0}, = Nig!/(N},;\(Nin — N,,,)!) that at a later time; the latter
is allowed if N, and the subsequent N, fulfill o) > o.
Hence, after an arbitrary numbers of steps, are formed as a
function of time multiple clusters of matter aggregates subse-
quently attained and thus differently configured, together with
a progressive modification of the empty space between them.
At the dynamical equilibrium no net state exchange occurs.
Of course o, and o7, neglect, for simplicity and brevity, the
further contributions o, and o,, due to the ways to arrange
the respective clusters of matter into actual universe struc-
tures; yet 0, and o, symbolize qualitatively the first concep-
tual step to understand the actual configuration of the uni-
verse. Clearly, by virtue of (3,13), the o, driven final ar-
rangements of filled cells are nothing else but stars or galax-
ies or flows of elementary particles or any other observable
object. The existence of P;, related to the matter energy den-
sity agrees with and justifies the universe expansion, which
however at this point still seems like a mere bubble blow-
ing up by internal pressure effect. But just this point poses a
further question: does the universe in the matter era expand
freely or is it constrained by an external pressure P, op-
posing to its expansion? In principle the expansion requires
P;,, > P,,, not necessarily P,,, = 0: the force that pushes
forwards the unit surface of universe boundary must simply
overcome that possibly tending to pull it backwards, i.e. to
squeeze the universe size towards a big crunch. If the for-
mer position is correct, then P, tends to decrease the ac-
celeration with which the universe expands. Yet, what does
originate P,,,? A possible answer relies just on the presence
of protons and antiprotons at the boundary states of the uni-
verse previously introduced. The boundary here introduced
is not mere spherical rim; in effect the plain idea of geomet-

rical margin would be unphysical itself. More sensibly, the
mobile contour of the universe is defined by a crowd of N,
virtual protons and antiprotons along with electromagnetic
radiation trapped on a fading shell, recall the Hawking en-
tropy. In fact the previous considerations propose in a natural
way that the boundary should be a physical layer of finite vol-
ume and finite thickness; so the chance of defining an energy
density 7,,, due to these particles seems the most straightfor-
ward way to define P,,. In this respect, the further chance
of demonstrating that P,,, # P;, is important not only to infer
information about the acceleration of the boundary of the uni-
verse, controlled by the net force P;, — P, per unit surface of
boundary, but also to infer that the physical nature of the outer
layer must be different from that inside the universe. Before
assessing the importance of this conclusion as concerns the
matter/antimatter ratio, let us examine two points: the expan-
sion equation and the physical meaning of 7,,,, to which is re-
lated the pressure P, equivalently as in (3,19). This external
pressure could be likewise regarded as external force acting
towards the center of the universe or resistance of the universe
to increase the total surface of its boundary. The latter idea
is more easily viable to introduce the existence of a boundary
layer, whose thickness surrounds the universe and character-
izes 1in # Tour; if the layer would have the same physical na-
ture of the bulk vacuum, then the boundary should be at rest
or steadily moving rather than accelerating. Let p,V,c? be
the energy stored inside the universe; since today’s universe
expands, according to the first law its total energy E must
also include a PV,-like term. Let 6E = czé(puVu) + P60V,
be the change JE of total energy during the time interval ¢,
where P, = P;, — P,y describes the net force pushing for-
wards the boundary. As no energy escapes outside of a black
hole universe £ = pV,c? + pVyuc® + (Pin — Pour)Vu = 0; so
0+ pVi/Vi+ (Pin = Pou)Vi/(Viuc?) = 0. According to (3,20),
the size of the elementary volume V), scales as AR, ie. like
V, = Ni,Vo; then V,/V, = 3a/a, whence the well known
result

. 3a Pnet
pEI-\P+ 3

)=0: Pu=Pu-Pu (32D
The notation emphasizes that the time derivative of the radius
defines the change rate of a co-moving length. The excess of
internal pressure means that the layer outside the boundary
is slightly different from the bulk. Note that also a negative
pressure P,, counteracting P;, has been introduced in this
reasoning.

Regard the boundary as if it would be a material layer
characterized by a contractive energy per unit surface y =
g/ I that opposes to its stretching during the expansion; for
instance, this effect can be guessed thinking to the opposite
charges of the particles/antiparticles that crowd the bound-
ary surface. Anyway the total contractive energy of a spheri-
cal bubble having internal radius Ar, and volume V, is g, =
4rAr2y. Moreover the Young-Laplace equation of such sur-
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face tension-like model of boundary reads P;,,— P, = 2y/Ar,
Suppose that P,,; = P;,/2; then P,,, = n;,/3, like that inside
a universe with radiation only. This is equivalent to say that
P;, is due to two contributions: one coming from its radia-
tion density content and one due to the ability of the radiation
to generate matter via quantum fluctuations. The former is
counterbalanced by P,,, the latter is the active energy ex-
cess pushing outwards the boundary. Hence the expansion
of the universe is controlled by the quantum contribution of
radiation fluctuation extra energy that generates matter, with-
out which the universe would still be a radiation volume. To
check this idea note that (3,3) yields M>G/Ar, = M,c?/2,
i.e. one half of the universe energy is equal to the first (3,17)
with the proton mass replaced by that of the whole universe.
The same holds for the energy density, obtained dividing both
sides by V,. So if P;,/2 = n;,/3, then P,,, = 1;,/3 requires
Nour = Nin/2. Hence the right hand side yields

2

G
“— ~4.2x 107" )/m’
Vihr, =420 m

Py =2.8x107""Pa

Nour =

(3,22)

as it reasonably appears comparing with 7;, of (3,12). This
result implies interesting consequences. The total contrac-
tive energy of a spherical bubble of radius Ar, and volume
Viis g = 4rAr2y. Moreover the Young-Laplace equation
reads Py, — Poyy = Pin/2 = 2y/Ar,, so that y = P;,Ar,/4
yields g, = ﬂArf{Pm = M,c*/2 thanks to (3,19). Hence
the whole energy of the boundary layer generating its con-
tractive surface tension is one half of the total bulk energy
of the universe, i.e. that corresponding to the net pushing
effect of the big-bang quantum fluctuation only. Also, this
confirms that P,,, = Pj,/2 is an external pressure opposite
to P;, and directed towards the universe center consistently
with the curvature radius Ar,. The numerical value of y is
~ 6 x 10" J/m?, corresponding to M,c?/2A,. It is interest-
ing the fact that the boundary layer can be regarded as a real
matter sheet curved by the pressure difference according to
the Laplace equation. The initial black hole condition (3,3) is
essential for this result. Note that it is possible to write

3 3 c* 3 c* )
Tow = Tonar2 G~ 4 AG

B c*Ar,
T 4A,G

(3,23)

i.e. the compression force at the boundary of the universe is
of the order of the Planck force acting on its total surface. It
is interesting to note that replacing A, = 41%,0'}1, it is possible
to express y as a function of the Hawking entropy. More-
over, once knowing 7,,, it is easy to find the thickness of the
boundary layer. This energy density is that stored in a layer
surrounding the universe or, thick. i.e. the boundary protons
and antiprotons are actually contained in a shell of volume
(4r/3)[(Ar, + 6r,)° = Arl]; so

= +6r,/Ar) =1

Vour = &Vu; (3.24)

which means that in fact the size of the universe is still de-
scribed just by its radius Ar, via a correction factor . Hav-
ing defined 7,,, at Ar,, it is immediate to estimate also en-
ergy, mass and number of protons/antiprotons of the bound-
ary layer through the following equations

4

C
out = Vourllour = MZG Ar, = Ar,
Eout Mour = (M, /Ar §4G 7

2 ¢
out = Eout|C” = Ary
Mous = Eout|C §4G T

C2

4Gm,,

Rour = mout/mp =7 Ary.

If 6r, > Ar, , then & = (6r,/Ar,)’; if instead 6r, ~ Ar,,
then { ~ 7. Moreover, trusting to the idea that ér, < Ar, at
the today time At,, one finds { ~ 36r,/Ar, and then V,,, ~
4xAr?sr,. Suppose that 6r, ~ 10~ m, which corresponds
to the size of the proton; then V,,, ~ 2 x 10 m® yields
om ~ 102 T: ie. the boundary layer consists of a total mass
Mo ~ 10'2 kg, to which correspond about 7,,, ~ 6 x 10
protons and antiprotons. It would be also easy with the help
of (3,20) to repeat the estimates also a different past times.
Going beyond the raw numerical estimates, one concludes:
(i) the number density n,,,/V,, is of the order of 1/3 proton
per cubic meter, a figure similar to that found in Vj, of the bulk
universe; (ii) the number of boundary protons results <« Ny,
as it must be according to the previous considerations; (iii) the
fact that the size of the proton is of the order of one fm means
that the boundary layer is actually formed by a monolayer of
protons and antiprotons; also this result seems in effect quite
reasonable. The connection of these conclusions with the pre-
vious (3,1), (3,6) and (3,8) will appear shortly.

Now let us explain why the presence of the proton/anti-
proton couples at the boundary is important for the growth
of the bulk universe. Assume that the empty Vj cells of the
universe, i.e. our core vacuum, actually includes couples of
virtual particles and antiparticles that annihilate and then re-
materialize: whatever their specific nature might be, a simple
reasoning shows that the main effect of sharing these virtual
couples between bulk states and boundary states is that of
transferring to the aforesaid boundary layer the properties of
the bulk universe. It is essential that both virtual particles and
antiparticles have equal probability of being in either state,
see the next section for more details; in this sense it is pos-
sible to regard them as a couple. These forerunner quantum
couples are the precursors that generate a new boundary of
the universe and activate its expansion. Indeed transferring
the energy early contained in any V, towards the boundary
means reproducing at the boundary the quantum states char-
acterizing the bulk universe, i.e. not only that of protons and
antiprotons but also the vacuum energy fluctuation generat-
ing them. This also means that the universe grows by repli-
cating part of itself outside itself; the duplication concerns of
course also the virtual couples of particles and antiparticles
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characterizing the core vacuum, which once more confirms
why (3,12) and (3,14) have been calculated with M, and not
with m,. So in the present model expansion does not mean
merely swelling: the chance that these couples annihilate and
rematerialize at the external boundary of the universe likewise
as they did inside the universe, means that even the external
boundary assumes the feature of the core cells V. In effect
the previous figures recalculated with a value of 6r, slightly
larger than one proton monolayer yield a proton/antiproton
density comparable to that within V; of the bulk universe;
this clearly indicates that increasing dr,, means increasing the
number of boundary states allowed to protons and antipro-
tons. Yet proton and antiproton density in the boundary layer
equal to that existing in V) means that the bulk of the universe
has been in fact expanded by a supplementary layer > 6r,, i.e.
the actual boundary is located a step or, beyond the previous
one, and so on by successive steps consistent with a growth
rate presently given by v, of (2,6). The driving force of this
“onion growth” process is the entropy increase required by
the second law: all protons and antiprotons filling the bulk
universe only, anyhow distributed and arranged, would define
a degree of order greater than that where some of them have
the additional chance of being further arranged in the only re-
gion furthermore conceivable, i.e. that glued to the external
boundary of the black hole universe. Yet the key concept is
clearly the quantum uncertainty, in its most agnostic form of
(2,1): being completely delocalized everywhere in the uni-
verse, the particles can preferentially be in fact wherever they
ensure the most advantageous entropy and growth conditions.

However, the question that then arises immediately is:
does this chance expel to the boundary exactly equal amounts
of particles and antiparticles or is there preferential trans-
fer of either kind of them? From a statistical standpoint the
answer is indeed that reasonably couples of virtual particles
only should share this growth mechanism: drawing randomly
from a multitude of particles and antiparticles, the realistic
chance is that equal numbers of either kind are involved in
the quantum state change. Despite this statistical equivalence,
however, the next section will emphasize why the overall ef-
fect of the entropy increment is that of increasing the mat-
ter/antimatter ratio in the bulk universe.

3.5 The problem of matter and antimatter

This section describes a mechanism really possible soon after
the end of the radiation era; the couples proton/antiproton just
formed from the very hot radiation field have actual physical
meaning, instead of being mere statistical entities suggested
by (3,12). Is useful here a reasoning similar to that of the
Dirac sea, which in the present context seems physically even
more appropriate than the original one: are inherent here nei-
ther infinite states occupied by electrons with negative energy
nor the doubtful concept of “neutrality” conventionally de-
fined by the presence of infinite electrons in negative energy

occupied states; the Pauli principle is no longer necessary to
avert a weird radiation of negative energy.

In the original Dirac idea, a photon of energy > 2m,c?
excites an electron in the negative state above the forbidden
gap; as a result, the electron just removed appears as a stan-
dard electron that leaves behind a related positive hole, the
positron. Today we know that in fact two photons of suffi-
cient energy are able to create a couple particle/antiparticle
while fulfilling the conservation laws. Let us implement here
this standpoint, emphasizing however that the driving energy
has now entropic character: the energetic photons necessary
to modify the Dirac sea of negative energy electron states is
here replaced by the entropy increase 76S that results from
the combined configuration option, bulk state and boundary
state, allowed for each proton and each antiproton. The num-
ber of proton and antiproton quantum states is the large but
finite N;,. It has been already estimated that just after the ra-
diation era T was of the order of 10*> =+ 10* K; this range
of values seems high enough to account for a Dirac-like pro-
cess. Discuss separately what happens when one proton and
one antiproton pass from their own bulk states in Vj to their
respective boundary states; two V|, states are involved in the
process, the probability that this happens is equal for both.

One proton in the first Vj has the same energy as in the
boundary state; with the proton in this latter state a hole is left
behind in this Vj, i.e. a neutral vacuum state forms in the bulk
universe. No constrain is necessary about the energy 7S to
allow the change from bulk to boundary state, either config-
uration is allowed at zero energy cost; now one Vj state is
chargeless, whereas one boundary state is positively charged.

The Dirac reasoning for an antiproton in the second V)
sounds as follows. A proton in the negative energy state in
this Vj is excited concurrently and with the same statistical
probability of the previous process; now a constrain about the
excitation energy is required and reads 78S > 2m,c? + m,c?.
This proton is thus excited, leaves unoccupied its initial state,
overcomes the forbidden gap at the right hand side and ap-
pears as an ordinary proton; a negative hole, i.e. one antipro-
ton, results by consequence. This hole is to be regarded in the
boundary state, previously raised to a positive charge state by
the first proton, to ensure the local electric neutrality; the ordi-
nary proton co-generated in the second bulk state V remains
inside the bulk universe together with the negative charge of
one electron; this latter, necessary for the total spin conserva-
tion and for the overall bulk neutrality at the minimum energy
cost, occupies the former empty vacuum state V left behind
from the first proton.

Clearly this mechanism requires that both a proton and an
antiproton change contextually and with the same probabil-
ity their bulk states, in which case we have: (i) two bound-
ary states altogether neutral occupied by one proton and one
negative antiproton, which can yield by annihilation the elec-
tromagnetic radiation trapped at the boundary of the universe
and concerned since the beginning by (3,1), as confirmed by
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(3,6) and (3,8); (ii) a neutral bulk state formed by one pro-
ton and one electron occupying the two volumes Vj left va-
cant. Also the electroneutrality in the bulk universe is thus
fulfilled thanks to the electron energy included in the energy
balance of T6S. On the one hand, therefore, the equal prob-
ability of exciting statistically one proton or one antiproton
is essential to ensure the neutrality of both bulk and bound-
ary states; on the other hand, by consequence of this mech-
anism a couple proton/antiproton is formed in the boundary
state, whereas in the bulk one proton has replaced the an-
tiproton with the help of one electron. In fact this process
removes antimatter from the bulk universe, which appears
as electromagnetic radiation surrounding the universe via en-
tropy driven process; the holes of negative energy states, i.e.
protons, concurrently generated along with electrons appear
as bulk matter. Moreover just the annihilation electromag-
netic halo ensures the growth of the universe, which therefore
does not simply swell but replicates itself far at the boundary
via annihilation energy. The separation boundary-antimatter
from bulk-matter was likely allowed to occur just at the be-
ginning of the matter era, when the matter started being gen-
erated from the extremely hot radiation field consistent with
its TS . It is reasonable to think that without this separation
the bulk universe would have remained in the radiation era,
because the two photon mechanism previously hypothesized
would have continued to produce virtual matter that however
endlessly annihilated with the virtual antimatter contextually
generated. Since no energy escapes from the black hole uni-
verse, T0S = 6(TS)—S 6T caused decrease of internal energy
and cooling of the universe, until when the temperature de-
crease made impossible the radiation driven formation of vir-
tual proton/antiproton couples and the consequent antimatter
expulsion to the boundary along with the concurrent forma-
tion of low 7 matter. Begins just now the matter era. Of
course all this is possible because of the total uncertainty of
the quantum particles introduced in its most agnostic form
of (2,1): these particles do not need any actual travel to go
from bulk to boundary of the universe, being instead totally
delocalized; they are simultaneously everywhere without any
chance of specify their actual location. These ideas have been
exploited to discuss the EPR paradox in the frame of a relativ-
ity model entirely based on the space-time uncertainty [12].

As concerns the point (i) above, (3,6) to (3,9) and related
considerations about 7iw,-, agree with the idea that both pro-
tons and antiprotons existing at the boundary of the universe
contribute with their annihilation to form the halo of electro-
magnetic radiation surrounding the universe.

As concerns the point (ii), the presence of the electron is
evidenced simply implementing the second (3,17): the elec-
tron energy &, early contributed by 7'6S replaces g, in the
empty V left behind by the previous proton now occupying
the boundary state, so the energy density in the bulk vol-
ume V, becomes &./Vy. To confirm this mechanism, it is
enough to estimate 7 = (g./ Voa)'# via the black body con-

stant a = 5.67 x 10716 J/m*K*; today’s V) ~ 2m? yields T ~
2.63 K. Of course in the past, when V] < Vj according to
(3,20), the energy density was higher and thus the background
cosmic temperature accordingly higher; the low energy of the
present cosmic radiation is due to the swelling of the early
Vi, formerly of the order of the Planck volume, to the size
of today’s V; that decreases the electron energy density. This
conclusion agrees with the condition nd = 2Ar previously in-
troduced to describe the evolution of the radiation field as a
function of the growing universe size during the radiation era.
The mechanism that originates the CBMR dates back to the
early beginning of the matter era when this mechanism took
place, but is operating even presently: the today wavelength,
due to the swelling of the early V| to the current Vy, is re-
lated to the virtual couples of particles/antiparticles that feed
the growth of the universe keeping constant its black hole ra-
tio M,,/Ar, according to (3,20) and the concept of vacuum.
The small % discrepancy from the experimental value 2.72 K
of today background cosmic radiation is due to having im-
plemented the mere rest mass of the electron, whose kinetic
energy instead is presumably not exactly zero; being the elec-
tron much lighter than the proton, a relativistic correction fac-
tor in the energy balance of 7S, corresponding to v, =~ 0.5¢
and reasonably expected, increases slightly the energy den-
sity in Vj and allows to fit exactly the experimental value.
Yet this is not the main point: the most important aim of the
model is to verify the sensibleness of estimated values with
respect to the available experimental data and assess the con-
ceptual consistency of the theoretical model with the current
knowledge of the universe.

4 The dark mass

A crucial point that deserves a rational explanation, hitherto
not yet concerned, regards the mass m,. Some comments on
this mass are here reported starting from (3,9) and (3,17) and
comparing the energy 7w, with Ag, = fi/At,. One finds

ncAt, _n
2rnAr, 20

In effect, with the help of (3,1) and (3,3) the ratio at left
hand side is equal to about n&/2n with ¢ = 0.3 according
to (2,5) and (2,6). In section 3.1 it has been highlighted that
n = 2 means considering electromagnetic waves surround-
ing the universe whose energy corresponds to the annihilation
of several protons with antiprotons; also, in agreement with
(3,8), for n = 2 the right hand side of (4,1) becomes 107!,
Recall now that just a factor ten has been already found in
(3,4), when describing the ratio M, /m,. So it seems natural
to introduce this ratio into (4,1) that becomes therefore

M, cAt,
m, mAr,

4.1)

Very large numbers that fit such a simple numerical value sug-
gest a significant physical meaning hidden in the last equa-
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tion: the fact that M, cAt, ~ nm,Ar, is interesting because
it provides a new link between M, and m,, i.e. according
to (3,4) muc?h/At, ~ muc*hwy= + mac*hwy= with W=y =
c/nAr,. Going thus beyond the mere numerical result, let
us generalize (4,2) to any Ar by replacing 1 with a number
q = q(At, Ar); so the subscript u characterizing today’s quan-
tities will be omitted, whereas different values are expected
for wy—» and m». Multiply both sides of the resulting equation
by P recalling again (3,4), (4,2) turns into

hi
qmc2 Y = mc hw,—y + M fiw,—y; Wpey = L. 4,3)

Ar
This equation is interesting because its terms are cross linked:
a couple of terms shares mc?, another couple 7iw,—;. This
shows that m and m, are correlated. Moreover the fact that
this equation contains squared energy terms, brings to mind
an important equation inferred in the appendix, i.e.
2 2, 2
& =(pc) + e, (4.4)
Add {mc*h/At to both sides of (4,3); by comparison these
equations suggest the following correspondences

h
(q+§)mc2E =g

/]
mC2 (ha),,zz + é’ E) = (pc)z (495)

moc? hiwy= = €2,
being { = {(At,Ar) a function of Ar and Ar whose physi-
cal meaning will appear soon. In principle these correspon-
dences, merely based on the one-to-one association between
(4,3) and (4,4) having an analogous form, propose a possible
explanation of the mass m;.

The universe as a whole is to be regarded like a free spin-
less neutral macro-particle moving at uniform speed, whose
kinetic and total energy are respectively related to the terms
(pc)? and £2; accordingly m, accounts for the rest energy of
the macro-particle universe. It seems surprising that this link,
suggested by mere numerical analysis of the values of 7fiw,-,
and 71/ At,, of (4,2), is provided by a formula of special relativ-
ity and not of general relativity. The energies of (4,3) concern
the universe as a whole and not the interaction of its parts,
galaxies and stars and so on, whose gravitational dynamics
is governed by the general relativity. In effect, (3,3) regards
the black-hole universe as a global object, a spinless macro-
particle, whose properties are due to its total mass and total
size only, regardless of its complex internal structure, mass
composition and mass distribution assumed homogeneous at
least on large scale. A valid support to propose a rectilinear
uniform motion of the whole universe comes from the fact
that indeed this idea cannot be excluded by any experiment:
since Galileo it is known that such an inertial motion cannot
be detected by any observer inside the universe. Perhaps a

harder implication of this idea could concern the hypotheti-
cal reference system R, able to describe this motion; however
also this dilemma is actually a false problem in the present
model, once thinking the size of the universe as an uncertainty
range Ar = r| — ryp in principle similar to that introduced in
section 2 to describe energy levels and angular momentum of
the quantum particles. It has been emphasized: (i) that neither
ro nor r; must be specified to describe the quantum properties;
(ii) that in fact both coordinates are not specifiable; (iii) that
this conceptual lack of information prevents specifying the
reference system R,, where is defined r( and the actual size of
Ar defined by r;. So it is conceptually impossible, but also
inessential, to specify such R, as regards the quantum prop-
erties of a particle within the range Ar, during the time range
At,: if the properties of the quantum macro-particle we call
universe do not depend on 7y or r; but on Ar only, then the
difficulty of defining R,, e.g. its origin, becomes marginal.
Anyway, since (4,1) and (4,3) come directly from the exper-
imental values of Ar, and At,, there is no reason to reject
them; in effect (4,3) and its relativistic free particle interpre-
tation explain why one addend concerns the mass m- and its
energy m»c® additional to the visible mass m, of stars. Now
is justified the function ¢ knowing that £ = mc?/ /1 — (v/c)?
and p = mv/ 1 — (v/c)?; also these formulas are shown in
the appendix in the frame of the present model. Let us rewrite
the three terms of (4,4) that define the relativistic energy of
the free macro-particle universe of (4,5) as a function of its
displacement constant velocity v,,, and mass M,,,; this means
replacing v and m with v,,, and M,,,. Hence

h M? ¢

2 mp
+ _— =

(g+¢)yme At 1-vp,/c?

i M? v c? (4,6)

2 mp Ymp )
Nhwp=2 + = | = ————

mc ( Wp=2 gAl) 1_\]51[7/62

m702 hwp= = M,%,pc“.

Taking the ratio side by side of the first two equations one
finds with the help of (3,9)

V,%l,,_a),,:zAt+§_ o At_cAt_ \%
— = DAl = — — =
2 q+{ !

n Ar ;e
where v is the average expansion rate of the universe at Ar.
Now we impose that v,,,, is constant via the function £; so

4.7)

wWp=2 A1 — 4oq .
H—-1 7

i.e. g generalizes (4,2). Note that M,,, does not appear in
these equations; it is merely defined by the third (4,6) as a
function of m», on which however no hypothesis has been
made. So the definitions of { and g hold regardless of M,,,.
An obvious condition is 0 < ¢y < 1; moreover g + { > 0 and
wp=2At + ¢ > 0 are also evident because both sides of (4,6)

M
Vimp = *C \/g_o; (= q= - Wp=a At (4,8)
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and (4,7) are positive. The former condition reads ¢ + { =
(Wp=2At — q)/(Lo — 1) > 0, the latter reads w,—2Af + ¢ =
Lo(wu=2At — q)/(Ly — 1); owing to the expression of g both
reduce to the unique condition 1 — M/m < 0, which is in-
deed true as it has been introduced since the beginning in the
present quantum model. Impose also myw,=; = const, which
yields moc/mAr = const: this equation extends (3,20) that
reads M/Ar = const = m/Ar + my/Ar according to (3,4). In
this way M,,, becomes a constant. Note that owing to (3,8)
this result reads m,c’iiVpG = &2,,; being by definition p =
(m9+m)/V, one concludes that ,., is defined even during the
early the radiation era when the visible mass was m = 0 and
the universe volume of the order of the Planck volume Vp. So,

with obvious meaning of symbols, £2,,, = m\"c*h \[m"G/Vp
and remained constant since then; hence the third (4,5) reads
my = mgo) p©/p, with p© = mgo) /Vp. Of course, as al-
ready noted, 1/p is an increasing function of m, because the
black hole condition M/Ar = const requires M/V decreas-
ing function of Ar®. In conclusion (4,5) are appropriate to
describe a free macro-particle of constant mass M,,, moving
at constant rate v,,,. Eventually, note that the square ener-
gies of (4,5) are actually products of two different energies,
as if they would come from geometrical averages like for
instance < & > = +((q + {)mc*h/At)'/2. So the black hole
we call universe has, as a whole, the average energy < & >
of a free particle that moves with average constant momen-
tum < pc > = +(mc*(hw,—y + (h/AD)'/?, whereas moc? and
hw,=p defining < g5y > = (Mo hiwp=n)'/? appear to be the
ingredients of its average rest energy. Otherwise stated, the
well defined mass balance between m- and m,, proposed here
appears rationally motivated: m, is due to the capability of
the universe to create ordinary visible mass after the radiation
era exploiting the available big-bang fluctuation energy; the
additional mass m- ensures the existence of an efficient black
hole universe that does not waste uselessly its valuable energy
content. So it follows also the necessity of a displacing uni-
verse. Are unavoidable at this point at least three questions:
does actually the equation < ¢ > = + \/< pC>24 < grpu>?
admit the minus sign? could an anti-universe actually ex-
ist with a matter/antimatter mechanism equal and opposite to
that described in the previous section? is our whole universe
a wave/corpuscle subjected itself to the uncertainty principle?

5 Discussion

The cosmology is probably the most difficult among the phys-
ical sciences because of both its multidisciplinary conceptual
basis and scarcity of experimental data, besides inferred in
a limited domain of time and space consistent with the light
speed: past, present and future of the whole universe must be
guessed despite the space-time horizon gives us access to a
limited window of observable objects only. Just for this rea-
son the theoretical models have a special role in cosmology.
Usually the experimental data validate a theoretical model;

here instead seems true the exact contrary, i.e. a sound self-
consistent model highlights the physical meaning of the avail-
able experimental data. In this particular context is crucial
the role of quantum mechanics. The correspondence princi-
ple states that the classical physics is the limit of quantum
physics for high quantum numbers, which implicitly means
that just the quantum principles are the true essence of physics
and thus of cosmology as well. This explains the attempt
of the present model, mostly based on quantum considera-
tions rather than on relativistic considerations. Two impor-
tant experimental values, the Hubble constant and the cosmic
background radiation temperature, have been estimated with
accuracy enough to conclude that the physical approach of
the present quantum model of the universe is basically cor-
rect. (2,1) enable the most important equations of quantum
mechanics and relativity to be inferred [12,13,14,18]; their
generality is also proven in particular by the ability of de-
scribing quantum fluctuations of a relativistic free particle.
For instance the appendix shows how to find the well known
equation p = ve/c? via Ap = vAg/c?, whose importance for
the present model has been already emphasized, e.g. (2,4)
and (3,7); however Ap and Ae are not classical ranges but
quantum uncertainty ranges. So a quantum particle whose lo-
cal momentum and energy are included within the respective
ranges, recall the explicative results of section 2, is subjected
to quantum fluctuations of p and & that expectedly alter also
its propagation rate. This fact prospects new chances for the
known equations of special relativity, which here appear in
fact as quantum equations subjected to the weirdness of the
quantum world. Further considerations on this topic are out-
side the purposes of the present paper. Yet it is worth men-
tioning that the EPR paradox, according which particles bil-
lions of light years apart can instantaneously exchange infor-
mation via the so called quantum entanglement, is explained
according to the agnostic physical meaning of (2,1); the con-
cept of distance becomes itself undetermined once disregard-
ing the local coordinates. Renouncing even to the concept
of probability density for any particle to be somewhere, re-
placed by the mere idea of delocalization within an uncer-
tainty range, the concept of distance is no longer definable.
So it is unphysical to expect a different quantum behavior for
particles definable very close or very far apart only classi-
cally. Certainly this odd conclusion is not the only weirdness
of the quantum world: as it is shown in section 2, this agnos-
tic standpoint has unexpectedly heuristic physical meaning.
One kind of weird phenomenon is the quantum fluctuation,
according which any macroscopic object at rest could sud-
denly excited to a self-perturbed state because of a transient
excess of energy, justifiable via the uncertainty principle only.
The behavior of a relativistic quantum particle during a quan-
tum fluctuation is quoted here because it is in effect pertinent
to the purposes of the paper. The considerations proposed
in the appendix usefully contribute to explain cosmological
problems like the inflationary era. In the paper [13] it was
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shown that (2,1) only are enough to infer the following corol-
laries: (i) equivalence of all reference systems in describing
the physical laws, (ii) existence of a maximum average dis-
placement rate allowed for any particle in its delocalization
range and (iii) invariance in all reference systems of such a
maximum velocity. These corollaries are in fact the basic
statements of special relativity. Moreover also the equiva-
lence principle of general relativity and the coincidence of
inertial and gravitational mass were also inferred [14] along
with the concept of mass as corollaries of the space-time un-
certainty.

6 Appendix

This appendix sketches shortly how the relativistic momen-
tum and energy are obtained exploiting (2,1) only; it aims to
make the present paper as self-contained as possible. Let the
arbitrary delocalization ranges be defined in an arbitrary ref-
erence system R, where a photon travels at speed ¢ through
AX9; 50 ((2,1)) read AxXOAPY = n©n = AfOA©). The su-
perscripts emphasize that the ranges are sized to fulfil the de-
localization condition during an appropriate time range A€
Being by definition Ax(©/Af© = ¢, then cAp'® = A€, To
find how the momentum and energy ranges of a massive par-
ticle traveling at rate v, < c through Ax(© scale with respect
to Ap'? and Ae©, write AXOAPY = nWh = AMVAEM,
As neither v, nor ¢ appear explicitly in this equation, write
1Y% = Af9AD = AfVAeW): this is true if A7 and Ag©
scale respectively like A" = (c/v,)At), as it is reasonable,
and Ae™ = (v,/c)A&g®, as a consequence. Replacing these
positions in the former equation, Ax©ApY = Af©)(v,/c)A&®
yields cApE(V) = (v,/c)A&'®. Actually the superscripts can be
omitted because they have been introduced for clarity of ex-
position only, not to identify particular range sizes; both A pf}')
and Ae'© are indeed completely arbitrary like v, itself; the su-
perscripts are also irrelevant as concerns the functional rela-
tionship between the local values of the respective variables.
Hence

Py = Vig/ch (A1)

regardless of how the respective uncertainty ranges are de-
fined. Since an identical reasoning holds in any other refer-
ence system R’, one concludes that p’. = v’ ,&’ /c? is an in-
variant of special relativity. In principle the component of ve-
locity defining the momentum component can be positive or
negative; yet squaring this equation one surely handles posi-
tive terms. So write 2(vy/c)? = (pxc)?; since vy/c < 1 for a
massive particle one finds £ > (p,c)?, which compels writ-
ing & = (p,c)* + &2. Calculate the limit p,/vy for v — 0;
denoting this limit as

Ap, = v.Ag/c?

(A2)

the concept of mass m is introduced as a consequence of the
uncertainty, whereas (A1) yields lil’l’(l) £ = Eppy = MC* in agree-
v

ment with the idea that the limit must be finite; indeed no

reason requires € — 0 for vy — 0. Thus p, = mv, is the
non-relativistic form of (A1). So the previous equation yields
mc? = 83, i.e.

& = (pc)* + (mc*)* (A3)

as it is well known. Hence (2,1) define themselves without
additional hypotheses the concept of mass and the relativis-
tic and non-relativistic form of the respective local variables
included in the ranges Ap and Ae. Note that merging to-
gether both equations one finds the well known expressions
consistent with the Lorentz transformations. Also note that
the local values of p, and & are exactly definable in relativity,
which is substantially classical physics subjected to the co-
variancy principle in a four dimensional space-time context;
here instead, as shown in section 2, coordinates, momentum
and energy are dynamical variables random, unknown and
unknowable within the respective uncertainty ranges. This is
the conceptual key to understand the further considerations
of this appendix. In classical physics momentum and en-
ergy of a free particle are constants; yet it is not so in the
quantum world, where quantum fluctuations are allowed to
occur. The crucial point is that (A1) and (A3) are quantum
results, despite their form agrees of course with that of spe-
cial relativity; yet, being the particles completely delocalized,
the local p and € must be intended as random values within
the respective uncertainty ranges. So these equations can be
accordingly handled. Let us admit that during a short time
range ot even the energy of a free particle is allowed to fluc-
tuate randomly by de. Since during the time transient the
particle is expectedly allowed to move in a arbitrary way,
(A1) is now exploited to highlight the link between ¢ and
the related changes 6p and ¢v. Differentiating (A1) one finds
de = c*6p/v — p(c/v)>6v: with given p and v, this result de-
fines the functional dependence of d¢ upon arbitrary §p and
&v. Sum e and (A1) to find € + dg = c2(p + 6p)/v — &6V/V.
In general 6pdx = nh reads (6p)*> = nhdp/dx, whereas in
an analogous way (6g)? = nhde/dt. Regard just in this way
€+ ¢ and p + dp; putting dx = vor and replacing in the last
expression to calculate 6(e + dg)/6t, one finds

(nh) ' (Ae)? = (nh) N (Ape)? - ebw

(A4)
Ae=¢e+0de; Ap=p+dp.
The term 6w results because v/dx has physical dimensions
of a frequency w, so that 6v/0x = dw. As nfiwde = 6(enfiw) —
e6(nhw), replacing this identity in the last equation one finds
(Ag)? = (Apc)? + nfiwdes — S(enhiw). Let us specify this result
via the position

nhw = ¢

which yields also (Ag)*>—(Apc)? = (8&)*—8(de). Atleft hand
side appear terms containing the ranges £+d¢ and p+dp only,
at right hand side the ranges de and Jp only. These latter are
both arbitrary; moreover € and p are arbitrary as well. So it

Sebastiano Tosto. Space-Time Uncertainty and Cosmology: a Proposed Quantum Model of the Universe 21



Volume 4

PROGRESS IN PHYSICS

October, 2013

is reasonable to expect that the last equation splits into two
equations linked by a constant energy &,

(Ae)? = (Apc)? = &2 = (6¢)* — 6(&d¢). (A5)
Indeed &, agrees with both of them just because it does not

depend upon neither of them. Trivial manipulations show that
the first equation yields

SOV/CZ €o
pE=t— e Aa——
w/rg - r%,(v/c)2 ,/rf: - i’%,(V/C)2 (A6)
1) o
rp=1+ op re=1 %
P &

(AS) is fulfilled even during the transient. The value of the
constant &, is immediately found as a consequence of (A2):
in agreement with (A5) &2 = &2,,,, because A6 hold during the
time transient allowing d¢; before and after that transient one
must put 6¢ = 0 and ép = 0 in order to have the “standard”
Einstein momentum and energy of the free particle, here in-

ferred from A1 to A3. So

2

_ 22 2
€Ein = C PEin T €

rest

mv mc2

Vi- (v/c)Z; NEa

It is easy now to calculate the energy and momentum gaps
during the time transient ot as a function of dp/p and d¢/¢e as
follows

DEin = in = *

p mv i mv = g
\/rg - r2(v/c) VI -(v/ey A7)
mc? mc?
ot - = nﬂh
\/rg - rf,(v/c)2 V1= (v/cy

where ot is the time length of the fluctuation, ¢/ the path trav-
eled by the particle during 67 and ny; the number of states al-
lowed to the particle during the energy transient. These equa-
tions are in effect nothing else but the uncertainty equations of
the fluctuation gaps 6ps = pfi— pein and dey; = 51— €gin. Of
course 6p — 0 and 6 — 0 after the transient, so the amounts
within parenthesis vanish, while ny; = 0 too; i.e. the fluctua-
tion states are no longer accessible to the particle. Taking the
ratio of these expressions, one finds

ol c
— =c-. A8
ot ¢ v (A%)
According to (A8), during a quantum fluctuation of time len-
gth 61 the uncertainty range 6/ allowed to any quantum par-
ticle corresponds to an average displacement rate 6//6t =
c?/v > ¢, ie. as if the particle would really propagate at

superluminal rate. The reasoning to explain this result is sim-
ilar to that explaining the recession motion of celestial objects
mostly as a consequence of the expansion of the space-time
itself. If the fluctuation modifies the size of the energy and
momentum ranges, then according to (2,1) it must modify
also the space and time range sizes. Yet the space range in-
cludes all local coordinates allowed to the particle: since this
latter is anywhere in the space range because it is delocalized,
and not because it really travels from point to point, modify-
ing the space size means affecting the ability of the particle
of being somewhere in the universe regardless of the veloc-
ity necessary to cover the path. This explains the apparent
anomaly of superluminal velocity to figure out a fluctuation
driven displacement. From a mathematical point of view, this
is indeed possible provided that (A7) verify two inequalities:
the firstis r,v/cr, < 1, to avoid imaginary quantities, the sec-
ond is r2 — r2(v/c)* < 1 = (v/c)?, in order that both left hand
sides be positive. These inequalities merge into the unique
r2—1 < (r} = 1)(rs/rp)*, which yields 1 — r;? < 1 - r}?
ie ;2> r;z and thus 72 < r,z,. So, being dp/p > d¢e/e ac-
cording to (A6), &/p > de/dp reads thanks to (Al) and (2,1)
v/c? > 6t/dx and thus 6x/6t > ¢?/v even though v < ¢. (A8)
is confirmed noting that it could have been obtained more
quickly and easily: rewrite (2,1) as Ax/Atr = Ag/Ap, and
recall (A1) Ag/Ap, = c2/vy; replacing the latter into the for-
mer one finds Ax/At = ¢2/v. This result has the same form
of (A8) and (3,7); without the steps (A4) to (A8) however the
properties of the quantum fluctuation would not be evident.
Owing to the arbitrariness of the range sizes, nothing in prin-
ciple distinguishes Ax and At from 6/ and 6¢; yet (A7) empha-
size the specific link between 6/ and 6t and their conjugate
momentum and energy just during the quantum fluctuation.
For instance, (A7) admit 7, = 1 and r, = 1, i.e. 6 = 0 and
6p = 0, in which case ny; = 0 because of course there are no
fluctuation states; instead Ap, = 0 and Ae = 0 are unphysical
because they deny the concept of quantum uncertainty.

In conclusion the theoretical analysis describes the effect
of the extra energy transient on the space-time uncertainty of
the particle during the quantum fluctuation: a massive par-
ticle can displace more than allowed by its actual velocity.
Transient displacement ranges 6/ > cdt are possible for the
boundary of the universe, even though forbidden in the early
Einstein derivation of momentum and energy. Indeed the rel-
ativity is substantially classical physics; yet the beauty of the
theory does not admit itself quantum phenomena like the fluc-
tuations. These phenomena are instead allowed when deriv-
ing the Einstein formulas in the quantum frame of (2,1).

It is worth emphasizing however that in the particular case
v = c even 6//6t remains always and invariably equal to c.

It is clear now that also the universe expansion is inter-
ested by these results: the previous quantum considerations,
unexpected in classical relativity, help to better understand
and describe the so called “inflationary era”. Regard the big
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bang as a vacuum fluctuation that begins at the arbitrary time
to and expands the primordial sphere of radius r(y according to
the concepts introduced at the beginning of section 3. During
ot the displacement ¢! of the boundary of the universe could
overcome cdt, in agreement with d¢ # 0 and op # 0. Inflation
did occur when the radiation density was such that the pho-
tons were allowed moving in a medium with refractive index
n, > 1 and matter particles, virtual or not, were generated in
the radiation field during the early beginning of the later mat-
ter era. This idea agrees with the presence at the boundary of
the primordial universe of the virtual couples of particles and
antiparticles generating locally via their annihilation the halo
of electromagnetic radiation introduced in (3,1).

As in the present approach the ranges sizes are unknown
and conceptually unknowable, it is impossible to know ex-
actly how long lasts 6z. Yet it is possible to say that after a
certain time range, when de = 0 and ép = 0 i.e. after the end
of the fluctuation, the universe expansion continued at rate
compliant with the usual condition v < c.

Consider an arbitrary number of particles, assumed for
simplicity non-interacting; holds for i-th of them p; = v;g;/c>.
Let Ap and Ae be the momentum and energy ranges includ-
ing all p; and &;; being the range sizes arbitrary, it is possi-
ble to write Ap = vAg/c® with v defined in agreement with
(A1). Suppose that a quantum fluctuation starts at an arbi-
trary time and modifies momenta and energies of some of the
particles, so that the respective ranges are modified as well;
then (c?/v)Ap = Ae yields (¢/v)6Ap — (¢/v)*6vAp = SAe.
Moreover (2,1), which read Ae/2n = nhw with w = 21/At
and Ap/2rn = nhk with k = 2n/Ax, yield Ae/2n = nhidw
and 6Ap/2n = nhok. The former is the Planck equation ex-
pressed as a function of Aeg/2x instead of Ag, the latter is the
De Broglie equation also expressed as a function of Ap/2r
instead of Ap; however being the range sizes arbitrary, un-
knowable and inessential as concerns the eigenvalues of the
physical observables, as shown in section 2, the factor Qn)™!
is trivially irrelevant. It is remarkable instead that Ax and At
of (2,1) are regarded here as wavelength and frequency of a
wave, which is in fact possible in agreement with the general
character of (2,1). One finds concurrently

ow W ,
ok Tk W TeThe
5 OV c (A9)
Ky =nt——Ap; o=
u(w, k) n’éAp p n v

Being v and 6v arbitrary, it is evident that these equations
hold whatever n, might be. This conclusion is interesting be-
cause in effect the physical meaning of these equations de-
pends just on the features of v. Call v, = w/k and v, = ' /k,
being thus w’ = «'(k). For v = ¢ (Al) reads Ae = cAp
and describes a set of electromagnetic waves propagating in
the vacuum, whence u = Oie. W' /k = w/k =c. If v<c
is again constant, then these equations still describe a set of
light waves propagating at the same rate v, in non-dispersive

medium with refractive index #n,; yet they are also compati-
ble with a set of massive free particles displacing at the same
rate. The case where v < ¢ depends on k is more interesting.
The equations describe light waves propagating with differ-
ent velocities in a dispersive medium dependent on 7,; the
first (A9) defines the group velocity v, # v, of the whole
packet formed in the dispersive medium. Analogous conclu-
sion holds also for the matter waves: now the displacement
of matter wave packet at rate v, is related to the maximum
probability to find somewhere the set of particles; indeed the
first (A9) is also obtained from 6(w’/k)/6k = 0, which sug-
gests that w’/k corresponds to the rate with which moves the
maximum of the packet defined by the dispersion curve w’/k
vs k. Both electromagnetic waves and matter particles, de-
spite their different physical nature, are thus compatible with
a unique kind of equation: their common feature is the dual
wave/corpuscle nature strictly connected with the quantiza-
tion condition of (2,1).

The changes dw and 6k have been introduced as a con-
sequence of quantum fluctuation; in effect it would be also
possible to infer from dw = wdk/k — udk the Einstein formula
for the energy fluctuations of blackbody radiation. For brevity
this point is waived here; yet, is significant the ability of the
quantum fluctuation to generate packets of particle waves and
packets of electromagnetic waves having similar behavior.
This conclusion helps to figure out the formation of matter
in the radiation field during the radiation era as superposi-
tion of electromagnetic radiation and matter wave packets,
both propagating with their characteristic group velocities V;r)
and v_f,m). This supports the idea of fermion/antifermion pairs
formed via photon fluctuations at appropriate energy fulfill-
ing momentum and angular momentum conservation rules.
The matter waves extended to all space time available justify
the presence of matter throughout the universe. Indeed it is
possible to write dw/dk = 6w /6k") + '™ [5k"™; then,
the addends at right hand side read 6w /0k") = Vf;) and
6™ 5k = v So the extra energy transient of the fluctu-
ation of the radiation field (term at left hand side, because ow
is proportional to 0A¢) has generated a matter wave propagat-
ing at rate in general different from that of further radiation
(terms at right hand side); the quantum fluctuation of this lat-
ter could generate in turn further matter and further radiation
and so on, until the available energy is sufficient to repeat the
process. The matter particle propagates with a group velocity
vg’l) having finite space length; in principle the matter wave
packet can also represent a chunk of matter having finite size
and given probability of being found somewhere and moving
in the universe. This supports the physical meaning of (3,12)
as discussed in section 3.1.
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Black holes are usually studied without including effects of the expanding universe.
However in some recent studies black holes have been embedded in an expanding uni-
verse, in order to determine the interplay, if any, of these two dynamical processes.
Dynamical 3-space theory contains time independent solutions for black holes, which
are spatial in-flows, and separately the time dependent Hubble expansion. This theory
has explained numerous puzzles in observational astrophysics and contains 3 constants;
G, « - which from experimental data turns out to be the fine structure constant, and
¢ - which is a small but nonzero distance, possibly a Planck-type length. The Hub-
ble expansion in the dynamical 3-space theory cannot be “switched oft”, forcing the
study, first, of isolated black holes coexisting with the expanding universe. It is shown
that a time dependent black hole and expanding universe solution exists. The nature and
implications of these solutions are discussed as they evolve over time. A dynamical net-
work of black holes and induced linking cosmic filaments forming bubble structures is
discussed, as a consequence of dynamical 3-space undergoing a dynamical breakdown
of homogeneity and isotropy, even in the absence of baryonic matter.

1 Introduction

The motions of stars in galaxies are strongly affected by their
central massive black holes, and that of galaxies in clusters
are also affected by the expansion of the universe [13]. Then
the need arises to analyse black holes in the expanding uni-
verse, with the view to checking if that expansion affects
black hole characteristics. There is a long history of attempts
to model this phenomenon analytically; early attempts in-
clude the Einstein-Strauss model through embedding Schwar-
zschild black holes in the background (FLRW) universe [10],
and also the well known McVittie solution [16]. This grad-
ually lead to models (see [12] or [8] for overviews) which
include the cosmological constant. The currently accepted
work is based on theories of gravitation by Newton, and then
extended by Hilbert and Einstein. The use of these mod-
els has generated many questions about observational phe-
nomena, such as “supermassive” galactic central black holes
[11], bore hole anomalies [1, 23], flat spiral galaxy rotation
curves [20] and cosmic filaments [24]. The “dark matter”
and “dark energy” parameters introduced are required in or-
der to fit the Friedmann universe expansion equation to the
type la supernovae [19, 22] and CMB data [14]. A more
recent account of space and time [2] models time as a non-
geometrical process (keeping space and time as separate phe-
nomena), which leads to the dynamical 3-space theory. This
theory is a uniquely determined generalisation of Newtonian
Gravity (NG) expressed in terms of a velocity field, defined
relative to observers, rather than the original gravitational ac-
celeration field. This velocity field corresponds to a space
flow, which has been detected in numerous experiments. The-
se include gas-mode Michelson interferometer, optical fibre
interferometer and coaxial cable experiments, and spacecraft

Earth-flyby Doppler shift data [5]. The observational phe-
nomena mentioned above are now gradually becoming inter-
preted through understanding the dynamics of space, which
appears to offer an explanation for “dark matter” and “dark
energy” effects [6,7]. A brief introduction to the dynami-
cal 3-space theory along with experimental and observational
tests is given in Sections 2-5. In Sections 6 and 7 we re-
port the discovery of exact black hole solutions embedded in
an expanding universe, and discuss the nature of their evolu-
tion over time, suggesting that primordial black holes develop
linking filaments, which in turn form a cosmic network with
bubble structures.

2 Dynamical 3—Space

Process Physics [2] is a theory of reality which models time as
a non-geometric process, with space-geometry and quantum
physics being emergent and unified phenomena. The emer-
gent geometry is thought of as a structured quantum-foam
“space” and is found to be dynamic and fractal in nature, with
its 3 dimensionality only approximate at micro scales. If non-
trivial topological aspects of the quantum foam are ignored,
it may be coarse-grain embedded in a 3-dimensional geomet-
rical manifold. This embedding ultimately allows us to de-
scribe the dynamics of the quantum foam, or space, using a
classical velocity field v(r, 1), relative to an observer with co-
ordinate system r and ¢ [6], and here assuming zero vorticity,
Vxv=0:

Ov Sa
V‘(E +@©-V) v) T ((z‘rD)2 - tr(Dz)) +

M
+6°V2 ((trD)* = tr(D)) + ... = —4nGp; D 9

= —
I 8xj
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where p = p(r, t) is the usual matter density. *

The first term involves the Euler constituent acceleration,
while the a— and d— terms contain higher order derivative
terms and describe the self interaction of space at different
scales. Laboratory, geophysical and astronomical data sug-
gest that « is the fine structure constant ~ 1/137, while ¢
appears to be a very small but non-zero Planck-like length.
The emergence of gravity arises from the unique coupling
of quantum theory to the 3-space [3], which determines the
“gravitational” acceleration of quantum matter as a quantum

wave refraction effect,
vg 1d 0123
— | +... 2
012? 2 dt [6‘2 ( )

2

g:%+(v-V)v+(va)va—

where vg = vy —v is the velocity of matter relative to the local
space. The first two terms are the Euler space acceleration,
the second term explains the Lense-Thirring effect when the
vorticity is non-zero, and the last term explains the precession
of planetary orbits.

Neglecting relativistic effects (1) and (2) give

V.9 =-4nGp — 4nGppuy, 3)

where
5
pou(r, 1) = ﬁ (rDy? - 1r(D?) +
) “)

+ V2 ((trD)* - tr(D%)).

327G

This is Newtonian gravity, but with the extra dynamical term
which has been used to define an effective ‘dark matter’ den-
sity. Here ppy is purely a space/quantum foam self interac-
tion effect, and is the matter density needed within Newtonian
gravity to explain dynamical effects caused by the « and ¢ ef-
fects in (1). This effect has been shown to offer an explana-
tion for the ‘dark matter’ effect in spiral galaxies, anomalies
in laboratory G measurements, bore hole g anomalies, and
the systematics of galactic black hole masses, as noted below.
When @ = 0 and 6 = 0, (3) reduces to Newtonian gravity. The
a—term has the same order derivatives as the Euler term, and
so cannot be neglected a priori. It was, however, missed by
Newton as its consequences are not easily observable in the
solar system, because of the low mass of planets relative to
the massive sun. However in galaxies this term plays a major
role, and the Milky Way black hole data has given evidence
for that term and as well for the next higher order derivative
terms.

The spatial dynamics is non-local and instantaneous, whi-
ch points to the universe being highly connected, consistent

“The a term in (1) has been changed by a factor of ten due to a numerical
error found in the analysis of borehole data. All solutions are also altered by
this factor.

with the deeper pre-space process physics. Historically this
was first noticed by Newton who called it action-at-a-distan-
ce. To see this, (1) can be written as a non-linear integro-
differential equation

v v’ ppou(', 1) + p(r', 1)
R vA e 3 7 ) 4 o .
o (2) Gfdr P (r—r)

®)

This shows a high degree of non-locality and non-linearity,
and in particular that the behaviour of both pp,, and p man-
ifest at a distance irrespective of the dynamics of the inter-
vening space. This non-local behaviour is analogous to that
in quantum systems and may offer a resolution to the horizon
problem.

3 Evidence for the a- and §-dynamical terms
3.1 0 = 0 - early studies of dynamical 3-Space

It has been shown that dynamical 3-space flows into matter
[3]. External to a spherically symmetric matter density p(r),
(1) has a time-independent radial inflow solution v(r) ~ 1/r2
leading to the matter inward acceleration g(r) ~ 1/r?. This
happens because the a- and J-dynamical terms are identically
zero for this inflow speed, and explains why these significant
terms were missed by Newton in explaining Kepler’s Plan-
etary Laws. However, inside a spherically symmetric mass,

mGal

km

-5l

Fig. 1: The Greenland ice bore hole g anomaly data, giving @ =
1/137 from fitting the form in (6). The misfit at shallow depths arises
from the ice not having reached the ice-shelf full density, which is a
snow compactification effect. The Nevada rock bore hole data [23]
also gives @ ~ 1/137. The bore hole anomaly is that gravity is
stronger down a bore hole than predicted by Newtonian gravity.
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Fig. 2: The flat asymptotic star rotation speeds for the spiral galaxy
NGC3198, with upper flat plot from the dynamical 3-space, while
the lower form is from Newtonian gravity. The flat asymptotic form
arises when a # 0.

and in other circumstances, these terms play a significant dy-
namical role. Inside a spherically symmetric mass, such as
the earth, Newtonian gravity and the new dynamics predict
different matter accelerations,

Ag = gng(d) — g(d) = 20maGpd + O(a?) (©6)

where d < 0 is the depth. The Greenland [1] (see Fig. 1) and
Nevada bore hole data [23], reveal that @ ~ 1/137, the fine
structure constant known from quantum theory. This suggests
we are seeing a unification of gravity and the quantum theory.

In conventional theory black holes are required to have
enormous quantities of actual in-fallen matter compressed in-
to essentially a point-like region. Their g ~ 1/r? gravitational
acceleration field is unable to explain flat spiral galaxy rota-
tion curves, resulting in the invention of ‘dark matter’. Dy-
namical 3-space theory however also predicts black holes in
the absence of in-fallen matter, which produce a stronger ac-
celeration field g ~ 1/r, as discussed below. They are spheri-
cally symmetric in-flows of space, with space not being con-
served. In the absence of matter, p = 0, we set (r, 1) = v(r)#.
Previous work considered solutions of (1) when ¢ = 0, where
the black hole solutions were found to have the form
B

u(r) = ——
r2

@)

where £ is an arbitrary parameter for the strength of the black
hole. (1) also has straight-line filament solutions, with the
form, when 6 = 0,

®)

u(r) = — l;

r4
where r is the perpendicular distance from the filament and
w is the arbitrary filament strength. The solutions (7) and (8)
contain a singularity at r = O where the in-flow speed be-
comes infinite. Asymptotically, even when p # 0, these black

hole solutions predict flat spiral galaxy rotation curves, for the
inflow in (7) gives g(r) = —SQﬂz/Zr”s" ~ —1/r, giving the
circular orbit speed vy(r) = (10a8*)!/2/2r°%/2, and illustrated
in Fig. 2. This suggests that the ‘dark matter’ effect is caused
by the @-dynamical term, a space self-interaction.

The Maxwell EM equations take account of the 3-space
dynamics by making the change 9/9t — 0/0t + v - V. Then
we obtain strong galactic light bending and lensing caused
by the inflow speed in (7), or the solar light bending when
v~ 1/r?. There are also recent direct experimental detections
of the space flow velocity field by [5].

3.2 § # 0 -black holes and filaments

More recently the 6 # 0 scenario was considered. The form
of (1) is expected as a semi-classical derivative expansion of
an underlying quantum theory, where higher order derivatives
are indicative of shorter length-scale physics. (1) when p =0
has exact two-parameter, vy and « > 1, black hole solutions

0 1 S 1
o) =5 (k= 1)~ (1 —Fi|-5+ 7,—5,—6—2])—
_sa )
L 3P TE L ses 2
%362 (e M 272

where F[a, b, w] is the confluent hypergeometric function.
The parameters vy and « set the strength and structure of the
black hole, as discussed in [6]. (9) is a generalisation of (7),
and for r > ¢ gives

‘5)5“ (10)

0
v(r)? = A= + B(—
r r
giving, from (2), g(r) = GM(r)/r*, where M(r) defines an
“effective mass” contained within radius », but which does
not entail any actually matter,

1-5a
M(r) = My + Mo(ri) (11)

and ry is the distance where M(r,) = 2M,. This is shown in
Fig.3 for the Milky Way SgrA* black hole. At large r the
in-flow speed becomes very slowly changing, thus predicting
flat rotation curves given by [6]

Vs

) Sa 1
Dors(7) =GM0(7) =

N

12)

Fig. 4 illustrates that for globular clusters and spheri-
cal galaxies the observational data implies the relationship
Mpy = $M. Again we see that the a-term dynamics ap-
pear to be the cause of this result, although this has yet to be
derived from (1). Exact filament solutions for (1) also exist
when ¢ # 0, as a generalisation of (8):

Sa r? ]

2
2_ 2 F
v(r) _U06_21F1 1+Z,2,—2—62 . (13)
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Fig. 3: Effective mass data M(r) for the Milky Way SgrA* black
hole, from star and gas cloud orbital data, showing the flat regime
that mimics a point-like mass, but for which there is no actual matter
contained within the black hole, and the linearly rising form beyond
ry =1.33pc, as predicted by (11), but which is usually attributed to a
constant ‘dark matter’ density. This form is a direct consequence of
the 3-space self-interactions in (1). The offset of the last two points
indicate the presence of actual matter.

Here r is the distance perpendicular to the axis of the filament
and v(r) is the in-flow in that direction. The only known fil-
ament solution is for one that is infinitely long and straight.
Both (9) and (13) are well behaved functions which converge
to zero as r — 0, i.e. the in-flow singularities are removed.

4 Expanding universe

(1) contains a time dependent expanding universe solution.
Substituting the Hubble form v(r,t) = H(f)r, and then H(r)
= a/a, where a(t) is the universe scale factor and a(r) =
da(t)/dt, we obtain
.. ) 16 2

4aa + 10aa” = —?ﬂGa 0 (14)
which is independent of . One of the key features in (14) is
that even when p = 0, i.e. no matter, and @ = 0, a(¢) = 0
and a(f) = t/ty, and the universe is uniformly increasing in
scale. Here a(ty) = 1 and f is the current age of the uni-
verse. This expansion of space is because the space itself is a

dynamical system, and the (small) amount of actual baryonic
matter merely slightly slows that expansion, as the matter dis-

28

sipates space. Because of the small value of @ = 1/137, the «
term only plays a significant role in extremely early epochs,
but only if the space is completely homogeneous. In the limit
p — 0 we obtain the solution to (14)

£ \M/(+5a/2)
a(t) =|—
0=(r)

0 15)

1

HO = T 5a)

which, as also reasoned by [17], predicts the emergence of
a uniformly expanding universe after neglecting the « term.
This allows a fit to the type 1a supernovae magnitude-redshift
data (Fig. 5), as discussed in [7], and suggests that the dynam-
ical 3-space theory also offers an explanation for the ‘dark en-
ergy’ effect. The ACDM parameters Qp = 0.73,Q,, = 0.27,
follow from either fitting to the supernovae data, or equally
well, fitting to the uniformly expanding universe solution in
(15) [7]. Via the dynamical 3-space solution the supernovae
data gives an age for the universe of fy = 13.7 Gy.

5 Black hole — expanding universe

The Hubble solution (15) does not contain a free parameter,
i.e. in the dynamical 3-space theory the universe necessar-
ily expands, and hence it cannot be ignored when consider-
ing black holes and filaments. Since any radially flowing and
time dependent v(r,t) (i.e. containing both outflows and in-
flows) has spherical symmetry, (1) becomes, in the absence
of matter

d (2v v’
— =+ |+ +2—+
-

(16)
+6— (21)2 +2°700) + 6r3v'v”> +
2
T
where v' = dv/0r. Now consider the black hole - expanding
universe ansatz

(—4rvv’ + 270" + 2r3w'”) =0

v(r,t) = HOr + w(r, H)i a7

where w(r, r) is the spherically symmetric black hole inflow.
After substituting this form we obtain a time dependent equa-
tion for w(r, r). However by setting w(r, f) = R(r)/t this time
dependence is resolved, and (16) now may be solved for R(7),
implying that the Hubble outflow and black hole inflow are
inseparable and compatible phenomena. Asymptotically, for
r > ¢, the resulting equation for R(r) has the solution

4

Sa
rzt

R(r) = ——

Sa ?
r2

and so w(r,t) = — (18)

which is the original black hole solution (7), but now with an
inverse time dependence. (17) is for the black hole located at
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Fig. 4: Black hole masses Mpy vs mass M, in solar masses, for
the globular clusters M15 and G1, and spherical galaxies [15]. The
straight line is the relation Mgy = %M, where « is the fine struc-
ture constant ~ 1/137. This demonstrates again the role of « in the
dynamics of space and black holes.

r = 0. For a black hole comoving with the local Hubble space
flow the solution of (1) is
o(r,1) = HOr + w(’, ) (19)
where ¥ = r — a(t)rgy when the observer is at r = 0, and the
black hole is located at a(f)rgy. Macroscopic black holes are
expected to form from coalescence of mini primordial black
holes.
A consequence of (17) is that for any black hole there ex-
ists a critical radius r, where the spatial inflow into the black

46

44

005 0.10 0.20

Redshift z

050 100 200

Fig. 5: Supernovae magnitude-redshift data. Upper curve (light
blue) is ‘dark energy’ only Q, = 1. Next curve (blue) is best fit
of ‘dark energy’-‘dark-matter’ Q, = 0.73. Lowest curve (black)
is ‘dark matter’ only Q, = 0. Second lowest curve (red) is the uni-
formly expanding universe, and also predicted by dynamical 3-space
(15).

hole is equal and opposite to the Hubble expansion (Fig. 6)
so defining a sphere of influence. Test particles placed inside
r. are attracted to the black hole due to gravity, while those
placed outside r., and at rest with respect to the local space,
recede from it due to expansion. This critical radius is found
to remain independent of time, i.e. r. only depends on the
black hole strength v. r. is expected to be sufficiently large
that the black hole-star distance r in a galaxy today is neg-
ligible compared to r,, i.e. r < r,, therefore not affecting
the size of the galaxies themselves. This effect would more
likely be evident at a distance which galaxies are separated
by, as suggested by the galaxy cluster data in [18]. For a
Hubble constant Hy = 74 km s~ Mpc‘l, and using (12) for
the in-flow speed, solving for v,,,(7.) = Hor. for the Milky
Way SgrA* black hole data (Fig. 3) yields r. = 1.6 Mpc. For
multiple black holes in the expanding space, (1) implies a
more complex time evolution.

6 Induced filaments and bubble networks

We have seen that the dynamical 3-space theory offers pos-
sible explanations for many phenomena, including that of an
isolated black hole coexisting with the Hubble expansion. It
also has filament solutions, in the absence of the Hubble ex-
pansion. However with multiple black holes a new feature ap-
pears to emerge, namely cosmic networks of black holes and
induced filaments. First note that the black hole inflow speed
in (10) is essentially very long range, resulting in the matter
acceleration g(r) ~ —1/r, which is a key feature of these black
holes, and may explain the “dark matter” effect. However this
long range in-flow raises the question of how multiple black
holes coexist when located within one another’s sphere of in-
fluence? Fig.7 shows the vector addition of the inflows for
two black holes. This cannot be a solution of (1) as it is non-
linear and so does not have a superposition property. Whence
this flow must evolve over time. Indeed the evolving flow

YXNNNNNN A VG VA ASAANA
A N R R O O e N A A ISPy
WA NN . P
NN N v A
NN I R P
-~ AT T A -
-~ SANANN Y s -
~ -~ SANNN Y A - -
- - R B g -
- - N D N I e -
- - .__._.__._.._..._.._._.._‘__. - -
- - I e A B S S S L -
- - oSNNS~ ~
- - st AN -~
- - AT T S -~
- . AN B B T SN . -~
-~ s LN B B B SN N
e NN NN
P . . NN NN
KAALA 70000 VOO NN
FEAA AT 000000 VNN

Fig. 6: Schematic 3-space velocity for an isolated black hole em-
bedded in an expanding universe, see (17), showing radius at which
flow reverses, defining the black holes sphere of influence.
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Fig. 7: 3-space in-flow velocity for two black holes located within
their spheres of influence. Note the emergence of a filament form-
ing between the black holes, indicative of a black-hole - filament
network formation, see Fig. 8.

appears to form a filament connecting the two black holes.
However even then there remains a long range inflow, which
would lead to further filaments connecting black holes within
their range of influence. These black holes are remnants of
the early formation of space, and imply that (1) will undergo
a dynamical breaking of symmetry, from an essentially ho-
mogeneous and isotropic 3-space, to a network of black holes
and induced filaments. Note that the matter content of the
universe is very small, and does not play a key role in this
structure formation. A possible dynamically stable 3-space
structure is shown in Fig. 8, which entails this network form-
ing a bubble structure with the network defining a ‘surface’
for the bubbles. The stability of this is suggested by noting
that the Hubble expansion within the interior of each bub-
ble is now consistent with the inflow into the black holes and
filaments, and so there is no longer a dynamical clash be-
tween the long range flows. Bubble structures like these are
indeed found in the universe, where galaxies are observed to
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* 4

¥
A

Fig. 8: 2D schematic section of a cosmic network of black holes and
induced filaments. Vectors indicate 3-space flow, both within the
bubble from the Hubble space expansion, and inwards to black holes
(dots) and filaments (red lines). Only this bubble structure, shown
here in cross-section, appears to be stable wrt the Hubble expansion.

be joined by filaments lying on spherical surfaces, filled with
large voids [9,21].

7 Conclusions

It is clear that instead of studying black-hole only cases, we
need to model astrophysical and cosmological phenomena
embedded in an expanding universe. The dynamical 3-space
theory naturally forces us to do this, as there is no free pa-
rameter to switch off the emergent expanding universe solu-
tion, and so must be included. It has been shown that the
long range black hole solutions found previously hold while
embedded in an expanding universe. It is suggested that the
time dependent nature of these new solutions explains in part
the observed cosmic web. It appears that the dynamics of
the 3-space, in the presence of primordial black holes, essen-
tially defects in the space emerging from the quantum foam,
renders a homogeneous and isotropic universe dynamically
unstable, even without the presence of matter, resulting in a
spatial bubble network. The long range g ~ 1/r of both the
black holes and induced filaments will cause matter to rapidly
infall and concentrate around these spatial structures, result-
ing in the precocious formation of galaxies.
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We apply a natural decomposition of tensor fields, in terms of dilatations and distor-
tions, to the Ricci tensor. We show that this results in a separation of the field equations
of General Relativity into a dilatation relation and a distortion relation. We evaluate
these equations in the weak field approximation to show that the longitudinal dilatation
mass relation leads to Poisson’s equation for a newtonian gravitational potential, and
that the transverse distortion wave relation leads to the linearized field equation of grav-
ity in the Transverse Traceless gauge. The results obtained are in agreement with the
Elastodynamics of the Spacetime Continuum.

1 Introduction

In a previous paper [1], we proposed a natural decomposition
of spacetime continuum tensor fields, based on the continuum
mechanical decomposition of tensors in terms of dilatations
and distortions. In this paper, we apply this natural decom-
position to the Ricci tensor R*” of General Relativity within
the framework of the Flastodynamics of the Spacetime Con-
tinuum (STCED) [2].

2 Decomposition of the Ricci tensor

As shown in [1], the stress tensor 7#” of General Relativity
can be separated into a stress deviation tensor #” and a scalar
t; according to

T =t + t, g €))
where
t#v = Tﬂv — 1 6”1/ 2)
1 1
ty,==T% =-T. 3
i 1 3)

The Ricci curvature tensor R*” can also be separated into a
curvature deviation tensor ¥ (corresponding to a distortion)
and a scalar r, (corresponding to a dilatation) according to

RY = +rgg" )
where similarly
rusz”v_rséﬂv (5)
1 1
s=—R% =—-R 6
=g 1 (6)

where R is the contracted Ricci curvature tensor.
Using (1) to (6) into the field equations of General Rela-
tivity [3, see p. 72],

1
R =5 ¢"R = —«T" (7

where k = 87G/c* and G is the gravitational constant, we
obtain a separation of the field equations of General Relativity
into dilatation and distortion relations respectively:

dilatation : r; = —kiy

®)

distortion : " = k.

The dilatation relation of (8) can also be expressed as

R = —«T. Q)

The distortion-dilatation separation of tensor fields is thus
also applicable to the field equations of General Relativity,
resulting in separated dilatation and distortion relations. This
result follows from the geometry of the spacetime continuum
(STC) used in General Relativity being generated by the com-
bination of all deformations present in the STC [2].

3 Weak field approximation

We evaluate these separated field equations (8) in the weak
field approximation to show that these relations satisfy the
massive longitudinal dilatation and massless transverse dis-
tortion results of STCED [2].

In the weak field approximation [4, see pp. 435—-441], the
metric tensor g,,, is written as gy, = 1,y + Ay, Where 1, is the
flat spacetime diagonal metric with signature (— + + +) and
|7y | < 1. The connection coeflicients are then given by

1
F#O/,B = Enﬂv(h(w,ﬁ + h/fv,a - ha,[i,v) (10)
or, after raising the indices,
1
Fuw,B = E(ha'u,ﬁ + hﬁ”,(l - hwﬁ’”) (11)
The Ricci tensor is also linearized to give
R,uv = rayv,a - ra/m/,v (12)
which becomes
1
Ryv = E(hpa,va + hva,,uar - hpv,oza - hamﬂv)- (13)
The contracted Ricci tensor
R=4¢"R, =R, (14)
then becomes
1
R= Enpv(hya,va + hva,pa - h,uv,(la - haa,yv) (15)

which, after raising the indices and re-arranging the dummy
indices, simplifies to

R = haﬁ,afﬂ - hawﬁﬁ

(16)
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4 Dilatation (mass) relation

Making use of (16) and (6) into the dilatation relation (9), we
obtain the longitudinal dilatation mass relation

W0 i — WP o5 = kT (17)

and, substituting for « from (7) and T’ = pc2 from (30) of [2],

o o 3G
V2h®, — 8, 0phF = P

(18)
where p is the rest-mass density. This equation is shown to
lead to Poisson’s equation for a newtonian gravitational po-
tential in the next section.

The second term of (18) would typically be set equal to
zero using a gauge condition analogous to the Lorentz gauge
[4, see p.438]. However, the second term is a divergence
term, and it should not be set equal to zero in the general case
where sources may be present.

4.1 Static newtonian gravitational field
We consider the metric perturbation [4, see pp.412-416]
]’l()() = —Zq)/ C2

(19)

hiiZO’ fOI'i=1,2,3

where @ is a static (i.e. time independent) newtonian gravita-
tional field. Then the term

h 5 = h o = 0 (20)
and (17) becomes
Vil = «T. 21
Using hgo from (19) and « from (7), (21) becomes
4
V20 = LzGT (22)
c
Substituting for 7 = pc? from (30) of [2], we obtain
V20 = 47Gp (23)

where p is the mass density. This equation is Poisson’s equa-
tion for a newtonian gravitational potential.

5 Distortion (wave) relation

Combining (13) and (16) with (5) and (6) into the distortion
relation of (8), we obtain the transverse distortion wave rela-
tion

1
~ (h,ua,vn + hva,ya - h,uv,wa

2 - haa,yv) -

. 24
_Z nyv(haﬂ,aﬁ - haa,ﬁﬁ) = Klyy

where 1, is obtained from (2) and (3). This equation can be
shown to be equivalent to the equation derived by Misner et al

[4, see their Eq.(18.5)] from which they derive their linearized
field equation and transverse wave equation in the Transverse
Traceless gauge [4, see pp. 946-950]. This shows that this
equation of the linearized theory of gravity corresponds to a
transverse wave equation.

This result highlights the importance of carefully select-
ing the gauge transformation used to simplify calculations.
For example, the use of the Transverse Traceless gauge elim-
inates massive solutions which, as shown above and in [2],
are longitudinal in nature, while yielding only non-massive
(transverse) solutions for which the trace equals zero.

6 Discussion and conclusion

In this paper, we have applied a natural decomposition of ten-
sor fields, in terms of dilatations and distortions, to the Ricci
tensor. We have shown that this results in a separation of the
field equations of General Relativity into a dilatation relation
and a distortion relation. We have evaluated these equations
in the weak field approximation to show that the longitudi-
nal dilatation mass relation leads to Poisson’s equation for a
newtonian gravitational potential, and that the transverse dis-
tortion wave relation leads to the linearized field equation of
gravity in the Transverse Traceless gauge. The results ob-
tained are thus found to be in accord with the Elastodynamics
of the Spacetime Continuum.
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Dark energy and dark matter constitute about 95% of the WsiveNonetheless, not
much is known about them. Existing theories, including GehRelativity, fail to pro-
vide plausible definitions of the two entities, or to predieir amounts in the Universe.
The present paper proposes a new special relativity thealgd Complete Relativity
theory (CR) that is anchored in Galileo’s relativity, but without thetion of a preferred
frame. The theory results are consistent with Newtoniarm@uehtum mechanics. More
importantly, the theory yields natural definitions of darkesgy and dark matter and
predicts the content of the Universe with high accuracy.

1 Introduction tied up in brown dwarfs or in chunks of massive compact
halo objects “or MACHOs" [10, 11], but the common prej-
udice is that dark matter is not baryonic, and that it is com-
The nature of dark energy ranks among the very most copfised of particles that are not part of the “standard model”
pelling of all outstanding problems in physical science [&f particle physics. Candidates that were considered dteclu
2]. Conclusive evidence from supernovas and other obserygry light axions and Weakly Interacting Massive Particles
tions show that, despite gravitation, the Universe is eBpamwIMPs) which are believed to constitute a major fraction of
ing with acceleration [3—6]. No existing theory is capabl@e Universe’s dark matter [2, 12—14].
of explaining what dark energy is, but it is widely believed  Gijven the frustrating lack of knowledge about the nature
that it is some unknown substance with an enormous agfitark energy and dark matter, most experts contend that un-
gravitational force, which drives the galaxies of our Unde gerstanding the content of the Universe and its cosmic accel
apart. Itis also well established that at our time the Ursieé$  oration requires nothing less than “discovering a new isy/si
comprised of~ 4.6% atoms,~ 72% dark energy ane: 23% [14]. As example, the Dark Energy Task Force (DETF), sum-
dark matter (see e.g., [1]). One explanation for dark energirized its 2006 comprehensive report on dark energy by
is founded on Einstein's Cosmological Constat); lespite stating that there is consensus among most physicists that
the fact that Einstein himself abandoned his constaningall«nothing short of a revolution in our understanding of funda
it his biggest mistake. According to this explanation thé-Unnental physics will be required to achieve a full understand
verse is permeated by an energy density, constant in time gjflof the cosmic acceleration” [1, see p.6]. This statement
uniform in space. The big problem with this explanation jgcjudes the possibility of reconsidering Einstein's Spkc
that fora # 0 itrequires that the magnitude obe ~ 10°°(!)  and General Relativity altogether.
times the measured ratio of pressure to energy density [1].  The present paper meets the challenge by proposing a new
An alternative explanation argues that dark energy is @lativity theory. The proposed theowich | term Complete
unknown dynamical fluid, i.e., one with a state equation thﬁélativity Theory (or CR), is anchored in Galileo’s relativity,
is dynamic in time. This type of explanation is representgg; without the notion of a preferred frame. Alternativehe
by theories and models whichftér in their assumptions re-theory could be seen as a generalization of the Doppler For-
garding the nature of the state equation dynamics [7-9F Thiyla [15, 16] to account for the relative dynamics of mov-
explanation is no less problematic since it entails theip|=eoﬁng objects of mass. The theory’s results are consisteiit wit
tion of new particles with masses thirty-five orders of mage\wtonian mechanics and with Quantum mechanics. More
nitude smaller than the electron mass, which mightimply thghortantly, the theory yields relativistic definitions déirk
existence of new forces in addition to gravity and electrgmaenergy and dark matter, describes their dynamics and psedic
netism [1]. At present there is no persuasive theoretical % content of the Universe with impressive accuracy.
planation for the existence, dynamics and magnitude of dark e following sections describe the theory for the special
energy and its resulting acceleration of the Universe. case of zero forces, resulting in constant relative vekxit
derive its time, distance, density, and energy transfdomat
1.2 Dark matter (sections 2.1-2.3) and compare the derived energy-term wit
Dark matter is more of an enigma than dark energy. Scientistswton’s and Einstein’§pecial Relativity terms. Section 3,
are more certain about what dark matter is not, than abwadtich constitutes the core of this paper, puts forward a rel-
what it is. Some contend that it could be Baryonic mattativistic definition of dark energy and dark matter, desesib

1.1 Dark energy
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their dynamics as function of the relative velogty v/c, and Butst=d/cwhered is the distance (measuredH) travelled
calculates the present content of the Universe. Sectiom4 coy F’ relative toF, andcisthevelocity of light asmeasured

cludes with a brief discussion. in F. Butd =uty, thus we can write:
. t
2 Complete Relativity (CR) theory postulates and th=t; + U—CZ =1, + Bto, (1)

transformations A
whereg = ¢. Definingt, =t, t; =t andt=t/t’, we get:
1. The magnitudes adll physical entities, as measured f= t _ 1 _ )
by an observer, depend on the relative motion of the v 1-p
observer with respect to the rest frame of the measugeg ation (2) is identical to the Doppler Formula, except tha
entities. the Doppler Eect describes red- and blue-shifts of waves
2. Alltranslations of information from one frame of referpropagating from a departing or approaching wave source,
ence to another are carried by light or electromagnetitiereas the result above describes the time transformattion
waves of equal velocity. moving objects. Note that/{1-p) is positive if F andF’
Note that postulate 1 applies to all measured entitiesyihcl départ from each other, andegative if they approach each

ing the velocity of light. ThusCR treats the velocity of light ©ther: _ o
as a relativistic quantity and not as an invariant one asypost FOr théround trip from F and back, synchronization of

CRtheory rests on two postulates:

lated by Einstein’'SR. the start time is not required. For this case the total redati
time is given by (See Appendix, sectionl):

2.1 Timetransformation ot 2

The derivation of the time transformation GR is similar to t= v 1-p2° ®)

the derivation of the Doppler Formula, except thi treats
the relative time of a moving object with constant velocit
instead of the frequency of a traveling wave.

Consider the two frames of referenEeand F’ shown in

For the one-way trip and aeparting F’ at velocity B
)(O <B<1), the proposed theonCR) and Einstein’s Special
Relativity (SR) yield similar predictions, although the time
. . dilation predicted byCR is larger than that predicted 8R
Flguhre 1H Assume that the tvvlo fTameS are meVIEg avr\]/ay fr e Fig. 1Aain the Appendix). Conversely, forapproach-
cac Ot. erat adCS)r}star,lt vebO(;my Assume grt er that ating F’ (8 < 0), CR predicts that the internal time measured
“T“e t.l in F (an .tl in F )_a ody sta_rts moving in thex at F will be shorter than that measured &t. For the round
direction from pointx; (X; in F’) to pointx; (x; in F’), and

that its arrival is signaled by a light pulse, which emitsatka trip the resuilts oCR and<R (in ~1<f<1) are qualitatively

similar, except that the time dilation predicted®R is larger

when the body arrives at its destination. Denote the tlmestﬁ n that predicted b§R (see Fig. 1Ab in the Appendix). For

arrivals inF anQF bY tp andt ,,respectlvely. Fllnally, as.sumesmallﬁ values the two theories yield almost identical results.
that the start times i andF’ are synchronized. Without

. , , Note that the assumption that information is translated by
loss of generality, we can st=t' =0 andx, = x, =0. light should not be considered a limitation of the theonycsi
iy s its results are directly applicable to physical systemsctvhi
use diferent transporters of information between two refer-
) ence frames.
+ U
2.2 Distancetransformation

The time duration, in framé€&, of the event described above
is equal to:

o _ X=X _ %
U f_.] ! I H i t = C = s (4)

c
wherec is the velocity of light as measured Fv Similarly,
the time duration of the event i’ could be written as:

%=X % ]
v -~ ()
C C

z z
t), =
Fig. 1: Two observers in two reference frames moving witloeigy
v with respect to each other wherec’ is the velocity of light as measured K. From
equations (4) and (5) we obtain:

_ v\t t_z
_(1+E)g _(1+ﬁ)t,2. 6)

The end timet,, measured irF, equals the end timg
plus the timest which takes the light beam signaling the X2 Ctp c+otp
body’s arrival atx, to reach the observer i, or: t, = t;, + 6t. g - Eg T ¢ g
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Ax
Ax'
crRL1*8
b 1-8
_____________ {SR J1-—p2?
-
»
Fig. 2: Distance transformation.
Fig. 3a: Density.
Substitutingtz/t; from (2) in (6) and denoting, = X, X, = X’
andx= xz/x, we get: X
. X 1+ 2
X= gz = % (7 PR
5 03
The relative distance=Ax / AX = (X2 = X1) / (X, — X) as o
a function ofg, together with the respective relative distanc—=+—=——= i a B
according toSR (in dashed black) are shown in Figure 2 ﬁ=%~0-618 B
As shown by the figure, whil€R prescribes that irrespective : - '
of direction, objects moving relative to an internal framié w 7 - Hhe Golden Rato

contractCR predicts that a moving object will contract or ex-
pand, depending on whether it approaches the internal frame
or departs from it. For relative velocities exceeding thege

ity of light (8> 1), CR predicts thatx will become negative. Fig. 3: Density and energy as functions of velocity.
SinceAX is positive, this implies that for bodies departing

from an internal frame with a velocity higher than the velo@pproaches-1. Forg<-1 andg > 1, CR predicts that the
ity of light, the length of a rod of rest-length, placed along relative density, as measuredrnwill be negative.

Fig. 3b: Energy.

the x axis, will be negative. The kinetic energy displays a non-monotonic behavior
. _ with two maxima: one at negatiygvalues (approaching bod-
2.3 Density and energy transformations ies) and the other at positiygvalues (departing bodies). The

Similar analyses for the density and kinetic energy (see ApRints of maxima (see Appendix, section 2) gie=¢ — 1~

pendix, section 2) yield the following transformations: ~ ~0.618, ands; = N —1.618, wherey is the Golden Ra-
3

) tio defined agp= -5 ~ 1.618 (see derivation in Appendix,
Density: section 2). The predicted decline in kinetic energy at veloc
p= P _ 1-5) (8) ities above3~0.618 (see Fig. 3b), despite the decrease in
P (1+B) velocity, suggests that mass and energy transform graduall
and energy: from normal mass and energy to unobservable (dark) mass
1 (1-p) and energy.
E=3 moc’? aip 9) The maximal kinetic energy @t~ 0.618 is equal to:
wheremy is the rest mass iR’. Note that fog — 0 (orv < c) £ 1 (- 1)21— (p—-1)
CRreduces to Newton's mechanids=X=p = 1, E = 3m?). max = 3 MGy 1+(p-1)
Figures 3 (a & b) depict the density and energy as functions 1 ,(2-9) (10)
of the velocitys. As shown by the figure the density of de- = zmoCz@P -1) —

parting bodies relative to an observerHris predicted tale-

creasewith B, reaching zero for velocity equaling the speed @ince¢ _1=1 (See Appendix, section 2), Eq. 10 could be

light. For bodies approaching the obseryex(1) CR, similar o\vritten as: ©

to SR, predicts that the relative density will increase nonlin- 1 ,2-¢)
cc—.

= > (11)

early, fromp =p’ =pg at =0, to infinitely high values ag Erax = 2
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Fig. 4: Energy as a function of velocity according to threeoifies. Fig. 5: Comparison betweeBR's prediction of the content of the
Universe and cosmological measurements

Substitutingp = @ we obtain:

energyDE(B), could be expressed as:

Emax ~ 0.0450849Tnoc?. (12) DE(8) = E'(8) - E(8) =
1 1- 3 (13)
Notably, the energy-mass equivalent according to Eq. 12 is =5 moc?p? (1 - rg) = rrbczllBT,B'

only ~4.51% of the amount predicted by the Einstein’s fa-

i : ; o _ o
mous equatiork = mc”. The above result is consistent withsimijarly, dark matter, m(8), at a given velocity is defined as
cosmological findings indicating that the percentage o¥Batne rejativistic loss of matter at that velocityn other words,

onic matter in the Universe is 4.6%. No less important the;; equals the dference between the mass of normal matter
masgenergy conversion ratio 50.04508497) is precisely measyred at the internal and external frames. In formal no-

half of L. Hardy’s probability of entanglement.(®016994) i5ion: m.(8) = mo — m(8). Using the density transformation
[17-19]. This result confirms with a recent experimentalfin q.13), dark mattem(g), could be expressed as:

ing [20], which demonstrated that applying a magnetic field

at right angles to an aligned chain of cobalt niobate atoms, 1-8 28
makes the cobalt enter a quantum critical state, in which thd™-(8) = Mo — m(B) = Wb(l - m) = Wb(m
ratio between the frequencies of the first two notes of the res

onance equals the Golden Ratio; the highest-oE#esym- The standard cosmological model of the Universe prescribes
metry group discovered in mathematics [21]. that it is comprised mainly of dark energy and dark matter

For positives values (departing objects) Figure 4 depict@round 72% and 23%, respectively), with only less than 5%
CR's energy functionE(8) together with the energy termghormal (Baryonic) matter. To compare matter with energy |
of Newton and Einstein’s Special Relativity. As could beése the matter-energy equivalence depicted in Eq. 12, dccor
seen, while the latter theories predict that energy isthtricing to which every unit of mass is equivalentxt@.045¢
increasing with velocityCR predicts a non-monotonic rela-energy units. Figure 5 depicts the dynamics of normal mat-
tionship with a maximum g8~ 0.618 (the Golden ratio). Aster, dark matter, and dark energy as functiongsah the
| shall show in the following section, this non-monotonie ndange 6<g<1. Calculating the percentage of each compo-

ture holds the key for explaining dark matter and dark energgnt a3 = ¢ — 1~ 0.618, or equivalently at redshift~ 0.382
(see Appendix, section 3) (yields 5.3% Baryonic matter,

~21.4% dark matter, and: 73.3% dark energy, which is in
3  Thecontent of the Universe excellent fit with current cosmological observations
(See Fig. 6).
The energy function Eq. 9 suggests that dark energy at a givenstatistical comparisons between the empirical and theo-
velocity could be interpreted as thgference betweentheen-  retical distributions of matter, dark matter, and dark gyer
ergy measured at theinternal frame and the energy measured  show that the dierence is not significanp(> 0.699, Kolmo-
at the external frame. In other wordsdark energy is defined gorov-Smirov test). For velocities higher thas & ~0.618
as the energy loss due to relativitin formal terms, denotewe get slightly diferent compositions. For example, for
the energy at the internal and external frameshyandE  5=0.9 (redshift z~ 0.474) we get~894% dark energy,
respectively, the kinetic energy measured at the intemal & 10% dark matter and-0.6% Baryonic matter. The aver-
external frames could be expressed B$8) = 3m,c?A% and age proportions in the rangeB < 1 are about 880% dark

E'(B) = %rrbcz,B2 8;53 respectively, and the amount of darkenergy, 1235% dark matter and.85% Baryonic matter.

). (14)
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4 Concluding remarks 8. Sandvik H.B., Barrow J. D., Magueijo J. A Simple Cosmolagjth a

. . Varying Fine Structure Constarfehys. Rev. Lett., 2002, v. 88, 031302
The biggest challenge of standard cosmology nowadays is t0 [4 pages].

find a natural and more fundamental way to explain the deg.. Easson D. A. Framptona P. H., Smoota G. F. Entropic Acatsher Uni-
tected presence of dark energy and dark matter. Most physi- verse Physics Letters B, 2011, v. 696 (3), 273-277.
cists agree that if this challenge is not met in the near &jturio. Alcock C. EROS and MACHO combined limits on planetarysmdark
then nothing less than “discovering a new physics” [14] and matter in the galactic hald@he Astrophysical Journal, 1998, v. 499, 9—
“a revolution in our understanding of fundamental physics” 12
i i 11. Alcock C. MACHO project limits on black hole dark mattarthe 1-30
[2] will be required. [ dhe Astrophysical Journal Letters, 2001, v. 550 (2
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yses reveal that for low velocities the theory confirms with v.253, 375-386.
Newtonian mechanics and for high velocities it confirms with3. Sivertsson S., Gondolo P. The WIMP capture process férstars in
main predictions of quantum mechanics. More important for the early UniverseAstrophys. J.,, 2011, v. 729, 51 [11pages].
the present context, the proposed theory puts forwardhtor t14. Aprile E. et al. Dark Matter Results from 100 Live Days &XON100
first time, plausible definitions of dark matter and dark en- Data.Phys Rev. Lett., 2011, v. 107, 131302 [6 pages].
ergy. The two entities are defined simply as the unobservél O’'Connor J.J., Roberston E. F. Christian Andreas DapplacTutor
(dark) side of the matter-energy in the Universe. This defini History of Mathematics archive. University of St. Andrew998.
tion yields formal expressions for the two entities which ent8: Maulik D. Doppler Ultrasound in Obstetrics and Gyneggldpringer-
. . . . Verlag, 2005.
able to predict the present content of the Universe with high Hardy L. Quant hanics. local realistic. theoried Borent
s . . ardy L. uantum mechanics, local realistic eorl arentz-
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property of matter at high energies could be interpreted

as a gradual transition of normal matter and normal en-

ergy to dark matter and dark energy. Such interpre-
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Quantum Theory, and Newtonian mechanics, without .
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Fig. A2: Two observers in two reference frames, moving wigh v
locity v with respect to each other

which yields:

or: 1
p_1-B (A6)
P 1+pB

Since the radius of the moving cylinder is perpendiculanéo t

direction of motion, an observer at the internal framayill

measure a cylinder radius af = Arg. The kinetic energy of

aunit of volumeis given by:

1 1 1-p
E==Z 2 _ = 2’
2PV = 2P0 gt
[ or:
Fig. Alb - :} 2 ,1-p A7)
Fig. Al: Time transformations for the one-way (Fig. Ala) and 2'0O 1+8°
gj:edsmz (Fig. A1b). The dashed lines depict the corresi And the energy for a departing particle of rest massis
' given by:
_1 21-8
2 Derivation of the density and energy transfor mations E= 2 Moc’p 1+8° (A8)

To derive the density and kinetic energy transformation; corg cajculate the valug = .. which satisfiesE = Eyax We

sider the two frames of referenée and F’ shown in Fig- C o2l .
ure A2. Suppose that the two frames are moving relativqunveﬁ 15 with respect 195 and equate the derivative to

each other at a constant velocity zero. This yields:
Consider a uniform cylindrical body of rest mass=m

and length’ =y placed inF’ along its travel direction. Sup- E (521;'3) = 2'31__B+
pose that at timé; the body leaves point; (X, in F’) and " 1+8 1+p
moves with constant velocityin the the+x direction, until it H[(L+8)(-1)-(1-p5)(1)] A9
reaches poink; (x;, in F’) intimet, (t; in F). +5 (1+p)? - (A9)
The body’s density in the internal franké is given by: 2
gl -B)
p=To (A4) @+py
Alg
for 8+ 0 and we get:
whereA is the area of the body’s cross section, perpendicular
to the direction of movement. IRk the density is given by B+B-1=0, (A10)
o= %, wherel is the object’s length if-. Using the distance
transformation could be written as: which yields:
1+
| = |o£, (A5) Br=—p=— ‘/3; 1618 AL1)
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and But from Eq. 2 we have:
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S
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The formation of a black hole and its event horizon are described. Conclusions, which
are the result of a thought experiment, show that Schwarzschild [1] was correct: A
singularity develops at the event horizon of a newly-formed black hole. The intense
gravitational field that forms near the event horizon results in the mass-energy of the
black hole accumulating in a layer just inside the event horizon, rather than collapsing

into a central singularity.

1 Introduction

This article describes the formation of a black hole and the
physics of event horizon formation. In early 1916, a Ger-
man physicist, Karl Schwarzschild, published a short paper in
which he gave a solution to Einstein’s general relativity field
equations for spherically symmetric objects. Schwarzschild’s
solution “contains a coordinate singularity on a surface that
is now named after him. In Schwarzschild coordinates, this
singularity lies on the sphere of points at a particular radius,
called the Schwarzschild radius” [1] (emphasis added). The
significance of this paper has not been generally appreciated,
although it led physicists eventually to accept black holes as
real physical objects. Many black holes have been detected
in recent years using astronomical techniques. But physicists
in general have concluded that the singularity lies at the cen-
ter of the black hole rather than on its event horizon. They
have mostly ignored the results of Schwarzschild, who found
that the singularity occurred at the event horizon itself rather
than at the center of the spherical space enclosed by the event
horizon. In this article I show by means of a suitably chosen
thought experiment that Schwarzschild was correct.

2 A collapsing star

Following the occurrence of a Type la supernova, a neutron
star is usually formed. For neutron stars with a mass greater
than the Tolman-Oppenheimer-Volkoff limit (about 3 to 4 so-
lar masses), the star will collapse to form a black hole. We
need to follow the history of some points on and within the
collapsing star in order to find out what really happens when a
black hole is formed. To establish some boundary conditions,
note that a point at the center of the collapsing star will not
move with respect to a coordinate system centered on the star;
the center of the system does not participate in the collapse.
Of more interest is a point on the surface of the collapsing
star. This point will have a velocity vector directed toward
the center of the star with a speed that depends on the time
from the initiation of collapse until the formation of the event
horizon, at which time its speed is assumed to be the speed of
light, c. Assume that a point halfway between the surface and
the center will also have an inwardly directed velocity with
half the speed of the surface point. In other words, the con-
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Fig. 1: Radial velocities in a collapsing star.

traction is radially linear. Some departure from this linearity
will not severely affect my conclusions.

Figure 1 shows qualitatively what these radial velocities
look like. The size of the star in the illustration is assumed
to be approaching the Schwarzschild radius. The black colors
indicate high radial velocity and white indicates small or zero
velocities. The figure was constructed using the gradient tool
in Photoshop and is linear in value from the center to the outer
boundary. In reality, the darkest black should be confined to
the very outer edges of the star and most of the interior should
be either white or light gray. Nevertheless, the picture does
give a good idea of the kind of radial velocities one would
find in the cross-section of a collapsing star.

Figure 2 shows the situation at the moment when the event
horizon forms. Note that the points at 0.995 R, where R;
is the Schwarzschild radius, have 10 times their normal, or
rest, mass. The asymptote on the right goes to infinity at the
Schwarzschild radius, R = 1.0 in the illustration. This is the
singularity that Karl Schwarzschild discovered when he
solved FEinstein’s field equations for a symmetrical, non-
rotating body. The equation used to plot the points for the
mass as a function of the radius is:

1 1
n = 0<R<I.

Vi—Rr?’

my  \1-2jc

6]

The validity of this special relativity equation under the
conditions in the formation of an event horizon is unsure, but
since a singularity is a singularity, and this equation defines
one for v = ¢, it is likely as good as some other measure.
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Fig. 2: Mass distribution in a newly-formed black hole. Drawing by
the author.

The essential point is that most of the mass will be con-
centrated near the event horizon as soon as it forms. Thus the
gravitational field will be quickly reversed, and with it, the
velocity field inside the event horizon. Particles in the interior
of the new black hole will be strongly attracted to the event
horizon, since that is where most of the mass is located. This
implies that the entire mass of the collapsed star could end
up in a shallow region just inside the event horizon. There
is no way to determine from the outside whether or not this
happens.

In this scenario, the mass M is contained in a very thin
layer at the radius R and the interior is empty. But how does it
get there? According to Susskind [2, see p. 238] anything that
impacts the event horizon of a black hole is absorbed by it,
spreading over the entire extent of the event horizon the way
a drop of ink dissolves rapidly in a basin of warm water. What
if the event horizon itself comprises all of the mass contained
in the black hole, held in a layer perhaps one Planck length in
thickness? (Admittedly, that’s a guess on my part.) From the
outside, it would still behave like a black hole. All differences
would be on the inside.

In my model the material of a collapsing star would, as
soon as it has compacted enough to form a black hole, begin
to migrate to the event horizon, like iron filings attracted to
a magnet. The only place where the gravity of the material
comprising the event horizon layer is neutral would be the
exact, precise center of the black hole. But even so small a
particle as a hadron would, sooner or later, wander off center
— if for no other reason, because of the Heisenberg uncer-
tainty principle. It would then be instantly attracted to the
event horizon and would stick there like a bug on fly pa-
per. Eventually the entire inside of the black hole would be
empty. The layer comprising the event horizon layer may be
extremely thin, but it is most definitely not a singularity, a
mere mathematical point.

I recently discarded this possibility, but it appears that I
may have been too hasty in doing so.

42

3 What happens to the matter in a black hole?

In this reconsidered theory, the singularity at the event hori-
zon is only mathematical, not real. The mass of the collapsed
star is contained in a thin layer just inside the event horizon,
perhaps only a single Planck length thick. There is an external
complement to this idea. Leonard Susskind [2, see pp. 233—
234] writes:

The only [solution] consistent with the laws of
physics would be to assume that some kind of
super-heated layer exists just above the horizon,
perhaps no more than a Planck length thick...
the layer must be composed of tiny objects, very
likely no bigger than the Planck length. The hot
layer would absorb anything that fell onto the
horizon, just like drops of ink dissolving in wa-
ter... This hot layer of stuff needed a name. As-
trophysicists had already coined the name that I
eventually settled on... They had used the idea
of an imaginary membrane covering the black
hole just above its horizon to analyze certain
electrical properties of black holes. [They] had
called this imaginary surface the stretched hori-
zon, but I was proposing a real layer of stuff, lo-
cated a Planck length above the horizon, not an
imaginary surface.

I liked the sound of “stretched horizon” and
adopted it for my own purposes. Today the
stretched horizon is a standard concept in black
hole physics. It means the thin layer of hot micro-
scopic “degrees of freedom” located about one
Planck distance above the horizon.

I propose the name “Shell Theory” for my explanation of
black hole formation.” This theory posits a one-to-one cor-
respondence between the bits of entropy on the surface of the
event horizon of a black hole and the particles of the collapsed
star in the shell layer just inside the event horizon. The grav-
itational field and other external properties of the black hole
will be exactly the same as if an infinite singularity existed at
the center, because the amount of mass-energy in each case
will be identical. All that is necessary for this condition to be
true is that the distribution of mass inside the event horizon is
spherically symmetrical. The shell theory has the same spher-
ical symmetry as conventional theory with a singularity at the
center of the black hole.

In the shell theory evolution of a black hole, the collaps-
ing of the remnant star must stop as soon as the event horizon
is formed. The reversal would start at a time somewhat prior
to the formation of the event horizon. In figure 1 it is apparent
that even before the outer layer of particles achieves a veloc-
ity magnitude equal to the speed of light, the distribution of

“For the purposes of this article, a “shell” is defined as the volume en-
closed between concentric spheres of different radii.
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mass within the collapsing object would favor the outer lay-
ers over the inner layers. This differential in the gravitational
field would build up rapidly as the size of the collapsing star
approached the Schwarzschild limit, so it would not be an in-
stantaneous reversal.

The mass of a differential shell from the collapsing star as
a function of the radius, assuming that the radial velocity of a
point inside the object is a linear function of the radius up to
the limit of v = ¢, at R = Ry, is:

a2t = 472 ™ 4R, )
mo my
where |
m
e 3)
mo \/1 —R2

Therefore the total relative mass of a spherical shell is given
by the integral:

4nR*dR 1 1
Mo ar|csin'(R) - = RVI-RE|. (@)
mo V1 = R2 2 2

This result must be evaluated at three points: R = 0; R = R;
and R = R;. The result for R = 0 is simple: 0. For R = R, the
term (1 — R%) becomes zero, and sin™!(1) is %5 so the result
for R = Ry is § (X4m). Subtracting the two solutions from
each other (ignoring the common factor of 4x) and setting
the results equal to each other — so that we obtain the radius
within which and without which there is equal mass — we
have, after rearranging terms, the equation:

sin"!(R) = g +RVI-R. 5)
This equation, (5), is difficult to evaluate in closed form, but
the result can be obtained easily through the process of suc-
cessive iterations. The solution is approximately R = 0.915
(the difference between the two sides of the equation is
9 x 10~* out of 1.155), meaning that the outer 8.5% of the
sphere contains as much relativistic mass as the entire inner
91.5%.* This amply demonstrates that what was initially the
inward implosion of a neutron star will now be a radially out-
ward “explosion” within the confines of the event horizon —
the surface implied by Schwarzschild’s results.

4 Results and discussion

The likely end result will be that all of the mass-energy of a
collapsed star ends up confined to a very thin layer — prob-
ably only one Planck length thick — just inside the event
horizon. There may be a * black hole” there, but its matter
will not be located in an infinitely dense singularity at the
center point.

Also notice that for a solid body of uniform density, the
gravitational field outside the surface is inversely proportional

* A more precise result is 0.914554 + 2 x 1076,

Gordon D. Thayer. A New Model of Black Hole Formation

to the square of the distance from the center of the body, but
for points inside the body the gravitational field is linear, di-
minishing to zero at the center. This reinforces the assumption
that the collapse of the neutron star should be linear in nature.
The effect as the radius of the shrinking star approaches and
attains the Schwarzschild radius is to change this linear gravi-
tational potential into a hyperbolic gravitational field, asymp-
totic to infinity at R;.

The singularity at the Schwarzschild radius, or event
horizon, is mathematical only and does not affect any real
particles. The event horizon is described by a metric of points
distributed over a spherical manifold, and the term “point
mass” is an 0Xymoron since a point cannot have mass or any
other physical property. It is nothing more than a mathemati-
cal position in space-time. In this context, note that the inte-
gration in equation (4) does not diverge at R = Ry, as it would
if there were a true infinity at that point.

Where I have written the word “point” or “points”, this
term should not be taken literally. The reader should imag-
ine a tiny amount of matter, perhaps a cubic Planck length
(Planck volume) in size, located at a particular point in space-
time. An actual point has no dimensions and therefore cannot
have mass or any other physical property. The Planck volume
is believed by many to be a quantum unit of space.

Submitted on July 8, 2013 / Accepted on July 14, 2013
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Shnoll has investigated the non-Poisson scatter of rate measurements in various phe-
nomena such as biological and chemical reactions, radioactive decay, photodiode cur-
rent leakage and germanium semiconductor noise, and attributed the scatter to cosmo-
physical factors. While Shnoll didn’t pinpoint the nature of the cosmophysical factors
the Process Physics model of reality leads to a description of space, which is dynamic
and fractal and exhibits reverberation effects, and which offers an explanation for the
scattering anomaly. The work presented here shows a new way of generating the effects
Shnoll discovered, through studying the phase difference of RF EM waves travelling
through a dual coaxial cable Gravitational Wave Detector experiment.

1 Introduction — Shnoll effect

Over sixty years ago Simon Shnoll discovered a scatter ano-
maly in the measurements of the reaction rates of ATP-ase in
actomyosin solutions over time that could not be explained
[1]. Extensive research into this scatter anomaly lead to the
conclusion that the reaction rates of the protein solution not
only varied with time, but followed a distribution with pre-
ferred (discrete) values instead of a typical Poisson distri-
bution. Over the following decades it was found that quite
different phenomena also displayed similar scatter anoma-
lies, ranging from chemical reactions to a-radiation activity
in 2°Pu decay, photomultiplier dark noise and semiconduc-
tor noise fluctuations [2]. Shnoll’s investigation of the scatter
anomaly (referred to here as the Shnoll effect), between May
28 - June 01, 2004, produced 352,980 successive measure-
ments of the @ decay of a >*’Pu source [1]. Radioactive decay
is considered to be a stochastic process, i.e. a random pro-
cess with no preferred frequencies, and hence follows Pois-
son statistics. Fig. 1 is a layer histogram taken from Shnoll’s
data, with layer lines taken every 6000 measurements. The y-
axis represents the frequency of decay rates and the x-axis is
the number of decays per second - the decay rate. Over time
the layer lines of the histogram exhibit a fine structure which
become more prominent with more measurements, instead of
canceling out as in the case of a typical Poisson distribution.
This suggests that the radioactivity of >*’Pu takes on discrete
values, and is not completely random.

Upon further study it was found that not only did the dis-
tribution (histogram) shapes vary over time, but the histogram
shapes also correlated between different experiments run in
parallel, regardless of whether they were located in the same
laboratory or separated by thousands of kilometres. This was
referred to as absolute time synchronism. Local-time syn-
chronism was also observed, where histogram shapes of one
experiment matched those of another with a time delay corre-
sponding to the difference in longitudes of the two locations
of the experiments (i.e. as the Earth rotates). A “near zone”
effect was also discovered, where consecutive histograms in

Frequency

Decay Rate (s71)

Fig. 1: Non-Poisson distribution of 352,980 measurements of >**Pu
a decay by Shnoll performed in 2004 (Fig. 2-2 of [1]). The layered
histograms are taken every 6000 measurements. The x-axis denotes
the number of decay events per second and the y-axis is the fre-
quency of decay rate measurements.

time of an individual experiment were found to be most sim-
ilar in shape, regardless of the time scale used to generate
the histograms, indicating the fractal nature of the scattering
anomaly. The main conclusions drawn from Shnoll’s research
was that the consistency of the “scattering of results” of mea-
surements in a time series arise due to inhomogeneities in
the “space-time continuum” [1, 7]. These inhomogeneities
are “caused by the movement of an object in the inhomoge-
neous gravitational field”, e.g. as the Earth rotates/orbits the
Sun, as the moon orbits the Earth, etc. While these inhomo-
geneities were not characterized by Shnoll there is a remark-
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Fig. 2: Reproduction of Fig. 8 (top) from [5] showing the travel time differences (ps) between the two coaxial cable circuits in [5] plotted
against local sidereal time, for the duration March 4 - 12, 2012. The smooth sine wave is a prediction made from the Dynamical 3-Space

theory using NASA spacecraft Earth-flyby Doppler shift data.

able amount of evidence supporting this conclusion.

2 Dynamical 3-Space

An alternative explanation of the Shnoll effect has been pro-
posed using an alternative theory known as dynamical 3-spa-
ce theory; see Process Physics [3]. This arose from mod-
eling time as a non-geometric process, i.e. keeping space
and time as separate phenomena, and leads to a description
of space which is itself dynamic and fractal in nature. It uses
a uniquely determined generalisation of Newtonian Gravity
expressed in terms of a velocity field v(r, r), defined relative
to an observer at space label coordinate r, rather than the orig-
inal gravitational acceleration field. The dynamics of space in
the absence of vorticity, V X v = 0, becomes*

Ov Sa
V~(E + (v~V)v) T ((trD)2 - tr(Dz)) =—4nGp (1)

(91),'

D’J - P) X (2)
where p(r, t) is the usual matter density. The 1st term involves
the Euler constituent acceleration, while the a-term describes
a significant self interaction of space. Laboratory, geophysi-
cal and astronomical data suggest that « is the fine structure
constant ~ 1/137. This velocity field corresponds to a space
flow which has been detected in all of the experiments listed
in section 3. In the spherically symmetric case and in the ab-
sence of matter p = 0, (2) contains solutions for black holes
(spatial inflows) and an expanding universe (Hubble expan-
sion) along with that for black holes embedded in an expand-
ing universe [4]. (2) also contains solutions for the inflow
of space into a matter density. Perturbing the spatial inflow

“The « term in (2) has recently been changed due to a numerical error
found in the analysis of borehole data. All solutions are also altered by these
factors. (2) also contains higher order derivative terms - see [4] .

into matter (i.e. simulating gravitational waves) was shown
recently to produce reverberations in which the wave gener-
ates trailing copies of itself [8]. This reverberation effect is
caused by the non-linear nature of the flow dynamics evident
in (2) and will be shown in the coaxial cable data discussed
in section 3.

3 2012 Dual RF coaxial cable experiment

The Dynamical 3-Space theory was applied to an experiment
which studied the radio frequency (RF) electromagnetic (EM)
speed anisotropy, or ultimately the absolute motion of Earth
through space. The effect of absolute motion has previously
been studied using the results from Michelson - Morley, Mil-
ler, and DeWitte experiments [S5]. These results are in remark-
able agreement with the velocity of absolute motion of the
Earth determined from NASA spacecraft Earth-flyby Doppler
shift data all revealing a light/EM speed anisotropy of some
486 km/s in the direction RA=4.3", Dec = —75.0° [6]. The
actual daily average velocity varies with days of the year be-
cause of the orbital motion of the Earth - the aberration ef-
fect discovered by Miller, but also shows fluctuations over
time. The dual RF coaxial cable experiment, performed from
March 4 - 12, 2012, measures the travel time difference of
two RF signals propagating through dual coaxial cables [5].
The key effect in this 1st order in v/c experiment is the ab-
sence of the Fresnel drag effect in RF coaxial cables at a suf-
ficiently low frequency. The experiment is designed such that
one RF signal travels through one type of coaxial cable and
returns via another type of cable, while the other signal does
exactly the opposite. The cables are bound together such that
any travel time effects due to temperature changes cancel as
both cables are affected equally. Fig.2 is a reproduction of
the data obtained from the experiment in March 2012 where
the travel time difference between the RF signals is plotted
against sidereal time. The data is fitted, smooth curve, using
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Fig. 3: Non-Poisson distribution of 155,520 measurements of the
travel time difference (ps) observed between the two coaxial cable
circuits of [5] from Mar 04, 2012 to Mar 12, 2012 in Adelaide. The
layered histograms are taken every 3350 measurements to show a
comparison with that of Fig. 1.

predictions from the NASA spacecraft Earth-flyby Doppler
shift data, where a flow of space traveling at a speed of 499
km/s and direction RA=2.75", Dec = —77° predicts the over-
laid sine wave, with dynamic range ~8 ps. The Earth rotation
effect, with respect to the galaxy, can be observed from the
data, as well as turbulence effects. Turbulence effects are be-
ginning to be characterized, and can be shown to correspond
to what are, conventionally known as gravitational waves, al-
though not those implied by General Relativity, but more pre-
cisely are revealing a fractal structure to dynamical 3-space,
as illustrated in Fig. 4.

A Fast Fourier Transform of the data in Fig.2 was taken
to remove the Earth rotation effect (i.e. low frequency ef-
fects), and then a histogram taken of the resultant 155,520
measurements (after inverse FFT) to generate the layered his-
togram plot shown in Fig.3. Layer lines are inserted every
3350 measurements to show a comparison with the Shnoll
plot in Fig. 1. Fig. 3 is remarkably comparable to Fig. 1, thus
suggesting that the Shnoll effect is also present in the coax-
ial cable EM anisotropy experiments. The structure observed
appears to build up over time instead of cancelling out. It ap-
pears slightly noisier but this may be due to the fewer data
points obtained than Shnoll (352,980 measurements). The
structure observed is found to persist regardless of the time
scale used for the phase difference, suggesting that the phe-
nomenon causing this has a fractal nature as depicted in Fig.4.
If this is indeed caused by a dynamical and fractal 3-space

slightly different velocities and continually changing, and moving
with respect to the earth with a speed of ~500 kmy/s.

then the persisting structure observed in Figures 1 and 3 cor-
respond to regions of space passing the Earth that have pre-
ferred/discrete velocities, and not random ones, as randomly
distributed velocities would result in a Poisson distribution,
i.e. no features. A likely explanation for this is that the gravi-
tational waves propagating in the 3-space inflow of the Earth
or Sun could become phase locked due to the relative loca-
tions of massive objects. This would cause reverberation ef-
fects, i.e. regions of space which have the same speed and
direction, which then repeat over time. The reverberations
would be detectable in many experiments such as EM aniso-
tropy, radiation decay, semiconductor noise generation, etc.
and could in the future be used to further characterize the dy-
namics of space.

4 Conclusion

The data from a dual RF coaxial-cable / EM anisotropy - gra-
vitatonal wave experiment displays the effect Shnoll observed
previously in radioactivity experiments. It is suggested that
these two experiments (along with other work by Shnoll) are
caused by the fractal nature of space, together with the rever-
beration effect from gravitational waves, as predicted by the
Dynamical 3-Space theory.
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The potentialities of a revised quantum electrodynamic theory (RQED) earlier estab-
lished by the author are reconsidered, also in respect to other fundamental theories such
as those by Dirac and Higgs. The RQED theory is characterized by intrinsic linear sym-
metry breaking due to a nonzero divergence of the electric field strength in the vacuum
state, as supported by the Zero Point Energy and the experimentally confirmed Casimir
force. It includes the results of electron spin and antimatter by Dirac, as well as the
rest mass of elementary particles predicted by Higgs in terms of spontaneous nonlinear
symmetry breaking. It will here be put into doubt whether the approach by Higgs is
the only theory which becomes necessary for explaining the particle rest masses. In
addition, RQED theory leads to new results beyond those being available from the the-
ories by Dirac, Higgs and the Standard Model, such as in applications to leptons and

the photon.

1 Introduction and background

The vacuum state is not merely that of an empty space. Its en-
ergy has a nonzero ground level, the Zero Point Energy, being
derived from the quantum mechanical energy states given e.g.
by Schiff [1]. An example on the related vacuum fluctuations
was provided by Casimir [2] who predicted that two closely
spaced metal plates will attract each other. This is due to
the fact that only small wavelengths can exist in the spacing,
whereas the full spectrum of fluctuations exerts a net force
on the outsides of the plates. The Casimir force was first
demonstrated experimentally by Lamoreaux [3]. It implies
that the vacuum fluctuations generate a real physical pressure
and pressure gradient. Part of the quantum fluctuations also
carry electric charges, as pointed out e.g. by Abbot [4]. The
observed electron-positron pair formation from an energetic
photon further indicates that electric charges can be created
out of an electrically neutral state.

These established facts form the starting point of a re-
vised quantum electrodynamic (RQED) theory by the author
[5]. The theory is thus based on the hypothesis of a nonzero
electric field divergence, divE #0, in the vacuum. At the
same time there is still a vanishing magnetic field divergence,
div B =0, due to the experimental fact that no magnetic mo-
nopoles have so far been observed. A nonzero electric field
divergence has the following fundamental consequences [5]:

e The symmetry between the electric and magnetic fields
E and B is broken.

e The nonzero electric charge density of a configuration
with internal structure can both lead to a net integrated
charge, and to intrinsic charges of both polarities.

e There exist steady electromagnetic states in the vac-
uum for which the energy density of the electromag-
netic field gives rise to nonzero rest masses of corre-
sponding particle models.

In the following treatise the basic field equations of RQED

48

theory are first shortly described in Section 2. This is fol-
lowed in Section 3 by a comparison to the related theories by
Dirac as summarized by Morse and Feshbach [6], and that by
Higgs [7]. The features and potentialities of RQED theory
have earlier been described by the author [5, 8]. In Section
4 some complementary points will be presented, with special
emphasis on results obtained beyond the Standard Model and
not being deducible from other theories.

2 Basic field equations of Revised Quantum Electrody-
namics

In four-dimensional representation the electromagnetic field
equations have the general form
16> _,
(C_zﬁ_V)A#=/“‘0J# u=1,234 (1)
with the four-potentials A, = (A,i¢/c), A and ¢ as the mag-

netic vector potential and the electrostatic potential in three-
space, and the four-current

Ju =, icp) (@)

with j and p as electric current density and electric charge
density in three-space. The form (1) is obtained from the
original set of equations through a gauge transformation in
which the Lorentz condition
1 0¢
divA+ =-— =0 3
2 or )
is imposed.
The source term due to the four-current (2) in the right-
hand member of (1) has to satisfy the Lorentz invariance.
This implies that

j* = c*p? = const = 0 @)
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when J,, is required to vanish with the charge density p. This
finally results in a four-current
J, = p(Cic) 5)
where
ct=¢

(6)

and C is a velocity vector with a modulus equal to the veloc-
ity constant ¢ of light. Concerning (6) two points should be
observed [5]:

e The vector C both includes the case of a plane wave
propagating at the scalar velocity ¢, and three-dimen-
sional cases such as those of a cylindrical wave where
C has at least two spatial components. In this way (6)
can be considered as an extension of the Lorentz invari-
ance to three dimensions.

e Equation (6) is quadratic and leads to two solutions.
These represent the two resulting spin directions.

In a three-dimensional representation the field equations
in the vacuum now become

1B OE
M2 6 (diVE)C + g = %)
Ho ot
OB
IE=-22 8
cur 5 8)
where
B =curlA divB =0 C)
A _
E=-vs-2  4vE=2 (10)
ot £

These equations are gauge invariant, as in all cases where
Maxwell’s equations also include source terms.

The basic features of the RQED field equations are thus
specified and summarized by the following points:

e The abolished symmetry between the electric and mag-
netic fields leads to equations having the character of
intrinsic linear symmetry breaking.

e The equations are both Lorentz and gauge invariant.

e There is a source given by the “space-charge current
density” of the first term in the right-hand member of
(7). Through the nonzero electric field divergence this
form introduces an additional degree of freedom, lead-
ing to new physical phenomena.

o Electromagnetic steady states with corresponding non-
zero rest masses occur on account of (7).

e New and modified wave modes arise from the extended
form (6) of Lorentz invariance.

e There is full symmetry between the solutions of pos-
itive and negative polarity, thereby realizing particle
models for matter as well as for antimatter.

Bo Lehnert. Potentialities of Revised Quantum Electrodynamics

As described by Schiff [1] among others, Maxwell’s equa-
tions are used as a guideline for proper interpretation of con-
ventional quantum electrodynamical theory. Thereby Heitler
[9] has shown that the quantized electrodynamic equations
become identical with the original classical equations in whi-
ch the electromagnetic potentials and currents merely become
replaced by their quantum mechanical expectation values. In
an analogous way, this also applies to the present RQED the-
ory.

2.1 Steady electromagnetic states

As an example on steady electromagnetic states, a particle-
shaped axisymmetric configuration is now considered in a
spherical frame (7, 6, ¢) with a current density j= (0,0, Cp)
and a magnetic vector potential A = (0,0,A). Here C= ¢
represents the two spin directions. From equations (7)—(10)
with 0/0t=0, 0/0¢ =0, p=r/ry and ry standing for a charac-
teristic radial dimension, the result becomes [5]

CA = - (sin’ 0) DF (11)
¢ = —[1 + (sin® e)D]F (12)
p=-—2D[1+(sin>6) D| F (13)
5P
where
D=D,+D,
boo 9 (20) , __ 9 cos8d (14)
=00 \P 3] 0T T2 Sine 06
and there is a separable generating function
F(r0)=CA-¢=Go -G(p,0)
15)

Gp.0)=R(p)-T®).

With equations (11)—(15) the net electric charge gy, magnetic
moment My, rest mass mg, and integrated spin sy are then
given by

qo = 27TSOVQG0J(1 (16)

My = negCriGoJu (17)

mo = =2 1Gody (18)

gy C
S0 = _C2 I”(Z)G%JS (19)
where
Ji = f f I, dp d6 k=q,M,m,s (20)
Pk 0

and [ are differential expressions given in terms of the quan-
tities and operators of equations (11)—(15). In the integrals
(20) the radii pr =0 when G is convergent at p =0, and p; #0
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are small radii of circles centered at p=0 when G is diver-
gent at p =0 and a special renormalisation procedure has to
be applied.

The form (15) of generating function has four alternatives.
When R(p) is divergent at p = 0 and T'(6) has top-bottom sym-
metry, there is a nonzero net charge gy and magnetic moment
M, leading to models of charged leptons. In the remaining
three cases both gy and M vanish, thereby leading to neutral
leptons such as massive neutrinos.

In addition to the quantization leading to expectation val-
ues of the field vectors, relevant second quantization condi-
tions have to be imposed on the forms (16)—(19). These con-
cern the spin, the magnetic moment, and the total magnetic
flux [5].

2.2 New and modified wave modes

Due to experimental evidence, a model representing the wave
packet of an individual photon in the vacuum has to satisfy
the following general requirements:

e [t should have a preserved and spatially limited geo-
metrical shape of a wave packet propagating in an un-
damped way and in a defined direction, even at cosmi-
cal distances.

e To limit its geometrical shape, no artificial boundaries
are to be imposed on the solutions of the field equa-
tions.

e The angular momentum in the direction of propagation,
the spin, should be nonzero and have the constant value
h/2m.

The field equations (7)—(10) have solutions satisfying the-
se requirements. This applies e.g. to cylindrical waves in a
frame (7, ¢, z) with z along the direction of propagation. For
these waves the velocity vector has the form

C =¢(0,cosa, sin @) 21

with a constant angle @. Normal modes varying as
f(r)expli[-wt + kz)] in an axisymmetric case lead to the dis-
persion relation

w=kv v = c(sina@) (22)

having phase and group velocities equal to v. Expressions for
the components of E and B are then obtained from the separa-
ble generating function. A wave packet of narrow line width
at a main wavelength Ay is further formed from a spectrum
of these elementary modes. This finally leads to spatially
integrated quantities such as net electric charge g, magnetic
moment M, total mass m, and total spin s,. The result is as
follows:

e Both g and M vanish.
o There is a finite nonzero spin

S
S=rXx—

= S=ExB/u (23)
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where r is the radius vector, S the Poynting vector, and
s, =h/2r for the component of s in the z direction.

o A finite mass
(24)

m = mg/ (cos @)
is obtained where mg stands for a nonzero but very
small rest mass.

This solution leads to a characteristic radial dimension 7
for two modes given by
(25a)
(25b)

. Ao 1
r= 27 (Cos @) { £
where (25a) refers to a convergent generating function, and
(25b) to a generating function which is divergent at r =0 and
where a special renormalisation procedure has to be applied.

The phase and group velocities of (22) are smaller than
the velocity constant ¢. Still this difference from ¢ can be-
come small enough to be hardly distinguishable. An example
canbe given by sine=1-9,0<6«1,e=cosa, O<ex1,
and g =3 x 1077 m for a main wavelength in the visible ran-
ge. When ¢ =107'° this yields characteristic radii of about
3x 1073 m and 5 x 1077 m due to equations (25a) and (25b).

3 Relations to other fundamental theories

It has further to be established how the present RQED ap-
proach is related to such fundamental theories as that by Dirac
[6] and by Higgs [7] with the associated Standard Model of
elementary particles.

3.1 The theory by Dirac

To bring wave mechanical theory into harmony with the the-
ory of relativity, Dirac adopted a new wave equation. Then it
need not to be assumed that the electron is spinning or turn-
ing on its axis. According to the theory the electron will have
an internal angular momentum (spin), and an associated mag-
netic moment. In fact there are four wave functions and cor-
responding matrices instead of one. These alternatives thus
correspond to two spin directions, and to the two possibilities
of matter and antimatter, such as in the form of the electron
and the positron.

As seen from the previous sections, the present RQED
theory is in full correspondence with that by Dirac, in includ-
ing the two spin directions as well as particles and antiparti-
cles. But the net elementary charge, e, and the finite electron
rest mass, m,, are only included as given and assumed pa-
rameters in the theory by Dirac, whereas these quantities are
deduced from the field equations of RQED. The latter theory
also leads to other new results beyond those being available
from that by Dirac.

3.2 The theory by Higgs

The Standard Model of the theory on elementary particles is
based on the source-free solutions of the field equations in

Bo Lehnert. Potentialities of Revised Quantum Electrodynamics
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the vacuum as an empty space, i.e. (1) with a vanishing right-
hand member. This leads to the Hertz equations having a van-
ishing electric field divergence, and it results in massless par-
ticles, in contradiction with their experimentally confirmed
massive counterparts.

To resolve this contradiction, Higgs [7] proposed a spon-
taneous nonlinear mechanism of symmetry breaking by whi-
ch an unstable boson of unspecified but large nonzero rest
mass is formed, having vanishing spin and electric charge.
The Higgs boson then decays into a whole succession of mas-
sive elementary particles.

During many years attempts have been made to find the
Higgs boson. Finally the highly advanced and imposing ex-
periments performed by the projects ATLAS [10] and CMS
[11] at CERN have bebouched into the important confirma-
tion of an existing unstable Higgs-like boson. The latter has
been found to be characterized by vanishing electric charge
and spin, combined with a rest mass of about 125 GeV. It was
also observed to decay rapidly into successions of particles
with smaller nonzero rest masses.

However, it could here be put into doubt whether this im-
portant experimental result provides a unique confirmation of
the theory by Higgs, or if the theory described in Section 2 of
this paper could as well explain the results without reference
to the theory by Higgs. This question can be divided into two
parts, i.e. the formation of a Higgs-like particle, and its de-
cay. The first part thus concerns formation of a particle of
mass in the range of 125 GeV, having vanishing charge and
spin. Equations (11)—(15) imply that massive particles can
be created already from the beginning by the intrinsic linear
broken symmetry mechanism of RQED. Among the obtained
solutions there is one which is expected to become unstable,
having an unspecified but nonzero and large rest mass, as well
as vanishing charge and spin [12]. Such a particle of mass 125
GeV can thus be predicted. Concerning the second part of
the raised question, the resulting particle would, as in all ear-
lier known cases, decay into several other massive particles
in a way being independent of and not being unique for the
Higgs mechanism. In this connection it might at a first sight
be argued that the Higgs-like particle obtained from RQED
is not identical with that considered by Higgs. This would,
however, lead to the unlikely situation of two particles having
the same basic and initial data of mass, charge and spin and
resulting into the same decay processes, but still not being
identical.

There may finally exist a certain similarity between the
source of the Higgs field and that of the Zero Point Energy of
RQED.

4 New results beyond other approaches

There are results from RQED which are not deducible from
the Standard Model and other fundamental theories, as being
demonstrated here by a number of examples.

Bo Lehnert. Potentialities of Revised Quantum Electrodynamics

4.1 Models of leptons

The field equations (7)—(10) in a steady state d/0¢ =0 lead to
new results and solutions:

o Charged lepton models arise from a divergent generat-
ing function and result in a point-charge-like geometry
of small radial dimensions, such as that of the electron.

e A deduced elementary electric net charge is obtained.
It is located within a narrow parameter channel situated
around the experimental value, e, and having a width of
only a few percent of e.

e Through a revised renormalisation process all relevant
quantum conditions and all experimental values of cha-
rge, magnetic moment, rest mass, and spin can be re-
produced by the choice of only two free scalar parame-
ters, the so called counter-factors.

e The magnetic field contribution to equations (7)—(10)
prevents charged leptons from “exploding” under the
action of their electrostatic eigenforce.

e There are intrinsic electric charges of both polarities in
leptons, each being about an order of magnitude larger
than the net elementary charge e. It results in a Cou-
lomb interaction force between these particles, being
about two orders of magnitude larger than that due to
the net charge. If these conditions would also hold for
quarks, the total Coulomb force would become com-
parable and similar to the short-range interaction of
the strong force [13]. This raises the question whether
the intrinsic charge force will interfere with the strong
force, or even become identical with it.

4.2 Model of the photon

In the time-dependent state of wave phenomena, equations
(7)—(10) yield the following results:

o The Standard Model corresponds to a vanishing right-
hand member of (1), and leads to the set of Hertz equa-
tions with a vanishing electric field divergence. In its
turn, this gives rise to a vanishing photon spin as ob-
tained from (23) and its quantized equivalent [5, 14].
Due to RQED theory there is on the other hand a pho-
ton model based on the extended relativistic forms of
equations (6), (21) and (22), leading to a nonzero spin
and an associated nonzero but very small rest mass [5,
14]. Thereby the spin of a photon wave packet does
not merely have to be assumed in general terms, but
becomes deduced. The spin occurs at the expense of a
small reduction of the phase and group velocities in the
direction of propagation.

e The needle-like photon model represented by equations
(25a) and (25b) contributes to the understanding of the
photoelectric effect and of two-slit experiments, with
their wave-particle dualism.
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e The RQED theory on screw-shaped wave modes is con-
sistent with observed hollow geometry of corks-crew-
shaped light beams [5].

e The nonzero electric field divergence and its intrinsic
electric charges of alternating polarity also contributes
to the understanding of electron-positron pair forma-
tion from an electrically neutral and energetic photon.

5 Conclusions

The present revised quantum electrodynamic theory includes
the results of earlier fundamental theories, such as that by
Dirac on electron spin and antimatter, and that by Higgs on
massive elementary particles. It could thus be put into doubt
whether the theory by Higgs becomes necessary for explain-
ing the particle rest masses. In addition, the present theory
leads to new results beyond those available from these and
other so far established fundamental theories, as well as from
the Standard Model in general.
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The present paper utilizes the recently proposed Complelatiity Theory (CR) for
the prediction of neutrino velocity in a prototypical nentr velocity experiment. The
derived expression for the relativefidgirence of the neutrino velocity with respect to
the velocity of light is a function of the anticipation tind¢, the traveled distance D
and the light velocityc, measured on Earth. It is independent neither on the trayeli
particle type nor on its energy level. With regard to fasttrieas it is shown that the
derived equation predicts with precision the results regbby OPERA, MINOS, and
ICARUS. Since CR postulates that all physical entitiesluding the velocity of light,
are relativistic entities, it follows that even though tlesults of the aforementioned
experiments fail to support the neutrino superluminallgiro, their precise prediction
based on a theory that diametrically opposes SR, providesgsevidence for the inad-
equacy of SR in accounting for the dynamics of quasi-lumpaaticles. The aforemen-
tioned notwithstanding, a direct calculation of SR’s petidins for the above mentioned
studies yields grossly incorrect results.

1 Introduction Theoretically, the possibility of superluminal particless
been treated within the framework of General Relativity by
The findings of several high energy experiments conductedZelmanov’s theory of “physically observable quantities
by MINOS, OPERA, ICARUS and other collaborations sug21, 22]. Other models which entertain the possibility toco
gest that neutrinos travel at super-luminal or quasi-lahirstruct theories in which neutrinos travel faster than phsto
velocities, e.g. [1-6]. The possibility of quasi-lumin&utri- have recently been proposed, e.g. [20, 23].
nos has been also confirmed by cosmological observations,Although many questions pertaining to the neutrino su-
see, e.g. [7,8]. Among all experimental findings, the operluminality issue remain open to theoretical inquiryg th
that attracted most interest was the result reported in 2Qheral stance among physicists contends that for the time b
by OPERA [1], which (ostensibly) indicated that neutrindag both superluminality and subluminality of neutrinosica
have travelled faster than light. The reported anticipetiime not be dismissed by existing data, and that more investigati
wasdt = 60.7 + 6.9 (stat) + 7.4 (sys) ns and the relative neu-of this issue is needed [23, 24]. The common view, which
trino velocity was”"c’C =(5.1+2.9)x 1075, Many physicists | shall refute hereafter, contends that the null result tase
have described the possibility that OPERA may have brokdsita aggregation from existing experiments, is consistéht
the limit of light-velocity as one of the greatest discoesri Special Relativity and with the limits put on Lorentz viola-
in particle physics, provided that it is replicated by anendtions, e.g. [12, 15, 24, 25].
pendent group, and CERN’s Research Director announced inHere | shall show that for three experiments conducted
a press conference that “If this measurement is confirmedpyt MINUS, OPERA, and ICARUS, Special Relativity (SR)
might change our view of physics” [9]. yields grossy incorrect results and that an expression for
Within few months, numerous papers were writteﬁ”,c_—c derived on basis of Complete Relativity Theory (CR),
proposing that OPERAs experimental design /andmea- detailed in [26] in this volume, yieldgrecise predictions for
surements were flowed, or suggesting various explanatithg three aforementioned experiments.
that accord with standard theories, see, e.g. [10-20]. SoonThe reminder of the paper is organized as follows: Sec-
after, the ICARUS collaboration reported a null result, @rhi tion 2 details a derivation off“c;C based on SR, and demon-
contradicted OPERA's superluminal one [3]. The anticipati strates that it yields grossly incorrect predictions fdrtiaé
time measured by ICARUS was3* 4.0 (stat)+x 9.0 (sys.) discussed experiments. Section 3 provides a brief deguript
ns, which is one order of magnitude lower than the result ii-CR, and utilizes the one-way time transformation for de-
ported by OPERA [1]. The following events withessed th&/ing an expression foi%c in a typical quasi-luminal neu-
discovery of hardware malfunctions which resulted in metino experiment. The derived expression is then used temak
surement error and the publication of a corrected nplecise predictions for the results reported by the abowe me
result [5]. tioned studies. Section 4 ends with concluding remarks.
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2 Special Relativity predictions Eq. 4 we get:

In general, all neutrino-velocity experiments utilized #ame I +(0.86603+ 0.5i) (6)
technology. Thus, for the sake of convenience and without ¢

loss of generality, | analyze the one implemented by OPER,

shown schematically in Fig. 1. c —CUn — +(~0.13397+ 0.5). @)

o

Calculations of SR’s prediction off’c—”" for the results re-
y ported by MINOS and OPERA (not reported here) yield sim-
ilar (incorrect) results.

Xy

3 Complete Relativity predictions
’ 1)
F F ':} - Complete Relativity Theory (CR) rests on two postulates:
" ran Sasso ! _ ”
CERN Neutrino 1. The magnitudes of all physical entities, as measured
by an observer, depend on the relative motion of the
Fig. 1: The OPERA Setup. observer with respect to the rest frame of the measured
entities.

From the perspectwe of Special Relatlw_ty (SR), the start 5 - A translations of information from one frame of refer-
and end Iaboratc_)rldé .an.dF are_statloned In one frame of ence to another are carried by light or electromagnetic
reference. The time dilation predicted by SR is given by: waves of equal velocity

4 ’ 1 i i
Ask = T soso — Togry = _ T 1) It should be s.tresse.d that the fllrst po;tulate applies toedlm
on sured entitiesncluding the vel ocity of light. CR treats the ve-
1- (E) locity of light as a relativistic quantity and not as an irieat

_ ) one as postulated by SR. The derivations of CR’s time, dis-
WhereAsr is the time diference between the start and engnce, mass-density and energy transformations are etbtail
points, vy is the neutrino’s velocitys is the velocity of light g|sewhere in this volume [26].
as it is measured on earth< 299792458 kmsec) andT is The derivation of a theoretical expression fog* in a
the rest time at the neutrino's frame of refereficgiven by: 1 hica| superluminal neutrino experiment requires onlg th

D one-way time transformation. Viewed in the framework of
T= o (2) CR, the experimental setup depicted in Fig. 1 inclutheee
frames of referencel~’ at CERN,F” at Gran Sasso arnf,
WhereD is the distance between the source of the neutritie neutrino rest framed= is departing from F’ with velocity
beam and the end point detector. Substituting the value ob, andapproaching F”” with velocity —v,. F’ andF” are at
in Eg. 1 we obtain: rest relative to each other. According to CR [26], the time
transformation for the one-way travel is given by:

1 D
Asp = ———. ®)
Un\2 Un l _ 1 (8)
1- (E) to q_°
c
For an early neutrino arrival timest) with respect to light
photons we get: Thus, we can write:
D
Asgr = — — 6t. (4) 1
- ¢ . Teern = Un T. 9)
Substituting the value afsg from Eq. (3) in Eq. (4) and solv- 1- <

ing for © we obtain:
Wherev, is the velocity of the neutrino relative to CERN’s
frame of referencé&’.

(5) Since the neutrino travelledwards Gran Sasso, applying

Un
— =+
c the time transformation t&” yields:
., 1 1
For the result reported by ICARUS 2011st=(0.3+ T saswo = = T T (10)
+4.0 (stat) 9.0 (sys) and D =674385km. Substituting in 1- (T) 1+ <
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-C -C

Experiment Neutrino Anticipation Time (6t) Experimental U”T Theoretical o
MINOS (1264 32 (stat) = 6 (sys)) ns (5.1+2.9) (stat)x 107 5.14 x 1075
D =7342986m

+9.2 +3.8 6 6
OPERA 2012 (6.51 74(stat) o7 (sys)) ns (2.7i 31 (stat) S (sys))  10° 2,67 x 10
(corrected result) ’ '
D =730085m
ICARUS 2012 (O.lOi 0.67 (stat) + 2.39 (sys)) ns (0.4 +2.8(stat) + 9.8 (sys)) x 1077 0.41x 107
D =73047856 m

Table 1: Experimental results and theoretical predictfonshree superluminal neutrino experiments.

The time diference between CERN and Gran Sasso’s coaddD = 730,085 km. Substituting in Eq. 15 we get:
be written as:

” ’ Un —C — 2 — 1 _ 1 ~
Dt = Tgsaso ~ Toern = ¢ ||, 299792458x65x 107 ~
Un -
s L)L 2 oy 730085 6
1400 1_1)_(: 1_(2)2 ‘ ~2.67x10™°. (16)
C

Which is identical to the reported result of:

%~ C Exp) = (2.7 +31 (stat) T8 (sys)) x 10°5. (17)
2Un (o] -2.8
c D
-___¢ =~
D. = on\2 on (12) Equation 15 was also used to calculate theoretical predisti
1- (E) for the results reported by ICARUS [4] and MINOS [5]. The

results are summarized in Table 1, which depicts all three ex
For an early neutrino arrival time ait with respect to the perimental results against the corresponding theoretical

velocity of light we can write: predictions.
v As could be seen in the tabl€R yields accurate pre-
2= D D dictions forall three experimental resultscluding the null
- _ c Z_Z_
D = 5— = ot. (13) ones.
(S
c

4 Concluding remarks

Where? is the light time arrival from CERN to Grand Sassdn this article | applied a recently proposed Complete Rela-

Solving Eq. 13 for? yields: tivity Theory (CR) to analyze the neutrino travel in a typica
neutrino-velocity experiment. CR treats all physical &g,
including light velocity, as relativistic entities. Acatingly

(14) the measured velocity of light depends on the direction ef th
light propagation vector, relative to the laboratory. Imis
of relative time, the start point laboratory (e.g., at CERN)
measuréime dilation, whereas the end point laboratory (e.qg.,
at Gran Sasso) will measutiene contraction. It is important

(15) to note that the CR-based model presented in section 3 is in-
dependent of the particle type and its energy level. For the
prediction of""—c‘c only the anticipation timét and distance D

o between the start and end points are required [see Eqg. 15].

Predictions The analysis brought above shows that CR predicts with

For the OPERAcorrected result [2] near precision all the relative neutrino velocities obtained

in recent neutrino-velocity experiments. In contrast,sSie-

dictions for all the discussed findings yields grossly imeot

results. What becomes clear from the analysis brought above

ot= (6.5 + 7.4 (stat) igg (sys)) ns
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is that a breakdown of Einstein’s SR does not require that the
neutrino velocity exceeds the velocity of light.

Upon the announcement of the first null result, the leadé&?-
of ICARUS collaboration leader was quoted by the press say-
ing that had they found 60 nanoseconds, he would have sg@t
a bottle of champagne to OPERA, and that instead, he sus-
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Nanotechnology Quantum Detectors for Gravitational Waves:

Adelaide to London Correlations Observed

Reginald T. Cahill

The discovery of the nanotechnology zener diode quantum detector effect for gravita-
tional waves is reported, based upon the quantum to classical transition being induced
by dynamical 3-space fluctuations. Gravitational waves were detected by way of wave-
form correlations between time measurement in two Digital Storage Oscilloscopes, re-
vealing time delays of 13 to 20 seconds over 24 hrs for Adelaide to London travel,
varying as the earth rotates. The speed and direction were found, for January 1, 2013,
to be 512 km/s, RA = 4.8 hrs, Dec = 83 deg S. This velocity agrees with previous de-
tections using different techniques, such as the NASA spacecraft Earth-flyby Doppler
shifts, which found 491 km/s, RA = 5.2 hrs, Dec = 80 deg S, for December 8, 1992.
Consequently it was realised that nanotechnology zener diode quantum detectors have
been operating, for different reasons, for some 15 years, and are known as RNGs (Ran-
dom Number Generators) or REGs (Random Event Generators). The discovery herein
reveals that they are not random. Correlations between data from a REG in Perth and a
REG in London gave the speed and direction, for January 1, 2013, to be 528 km/s, RA
= 5.3 hrs, Dec = 81 deg S. We also report highly correlated current fluctuations from
collocated zener diode circuits. The GCP REG network constitutes an international
gravitational wave detector network, with currently some 60 REGs operating, and with
records going back to 1998. These detectors permit the study of dynamical 3-space
structure, and also apparent anomalous scattering of the waves when passing deeper
into the earth, solar flares, coronal mass ejections, earthquakes, and correlations with
fluctuations in various rate processes such as nuclear decays. The quantum to classical
transition is shown to be caused by 3-space dynamics, and so challenges the standard

interpretation of probabilities in quantum theory.

1 Introduction

The speed and direction of gravitational waves have been di-
rectly measured via waveform time delays from detectors lo-
cated in Adelaide and London, and separately from Perth and
London. The Adelaide to London correlations were detected
utilising the discovery that so-called “clock jitter” in two dig-
ital storage oscilloscopes (DSO) is actually correlated, with
the London signal delayed relative to the Adelaide signal by
13 to 20 seconds, depending on sidereal time, so that at least
part of the clock jitter is actually induced by passing gravi-
tational waves. Subsequently similar correlations were dis-
covered in Random Event Generator (REG) correlated data.
These detect the quantum to classical transition for electrons
tunnelling through a barrier in a tunnel diode, a nanotechnol-
ogy device. According to the standard interpretation of quan-
tum theory such electron current fluctuations should be com-
pletely random, which is why such devices are also known
as hardware Random Number Generators (RNG), and have a
variety of applications assuming such randomness.

These discoveries make the detection and study of gravi-
tational waves particularly simple, and easily extend to a net-
work of detectors, and for the REG technique an international
network of such detectors has existed since 1998, and so that
data is an extremely valuable to the characterisation of the

gravitational wave effect, and also other phenomena which
appear to be induced by more extreme fluctuations. Corre-
lations of the gravitational wave forms permit determination
of the speed and direction of space, which agrees with re-
sults from NASA Earth-flyby Doppler shift data, and with the
1925/26 Dayton Miller Mt.Wilson gas-mode Michelson in-
terferometer data. The correlation data also reveals two new
phenomena: a speed-up when the waves pass deeper into the
earth, and a wave reverberation effect. For collocated zener
diodes the current fluctuations are highly correlated, with no
time delay effects, as expected. The quantum to classical tran-
sition is thus shown to be caused by 3-space dynamics, and
so challenges the standard interpretation of probabilities in
quantum theory.

2 Classical physics gravitational wave detectors

Classical gravitational wave detectors have employed a num-
ber of physical effects and designs: gas-mode Michelson in-
terferometers, optical fibre Michelson interferometers, RF
coaxial cable travel time differential measurements, and more
compact RF coaxial cable — optical fibre measurements,
spacecraft Earth-flyby Doppler effects, and dual RF coaxial
cable travel time measurements [1,2]. All of these techniques
utilise light or EMR anisotropy speed effect in a single device.
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The key issue with such devices is that they are single-site de-
vices, and require a calibration theory, which depends upon
an assumed theory. For example the sensitivity of a Michel-
son interferometer, as indicated by the travel time difference
between the two arms, and detected by means of fringe shifts
as the detector is rotated, is given by

Lv?

At = k2c—3” cos(2(6 - ¥)) ¢))
where L is the arm length, vp is the speed projected onto the
plane of the interferometer, and the angles measure the ro-
tation effect, see [1]. Eqn.(1) is applied to the data in con-
junction with terms accounting for the inclined mirrors and
temperature drift effects [1]. The critical factor k? is the cal-
ibration constant. With a gas present in the light path, with
refractive index n, k> ~ n?> — 1 to a good approximation.
Results from two gas-mode Michelson interferometer exper-
iments are shown in Fig. 1. The results reveal significant
turbulence, which has been identified as gravitational waves,
and much greater in magnitude than expected. Michelson
and Morley in the 1st such experiment in 1887 assumed that
k*> = 1, whereas with air present, n = 1.00029, giving k*> ~
0.0006, and so much less sensitive than assumed. Note that
a vacuum-mode Michelson interferometer has k% = 0, and so
completely insensitive to gravitational waves.

A recent gravitational wave experiment used differential
travel time measurements in a dual RF coaxial cable array
[2]. This technique relies upon the absence of Fresnel drag
in RF coaxial cables, at least for low RF frequencies (~10
MHz). The results agree with those form the Miller gas-mode
Michelson interferometer, and from the NASA flyby Doppler
shift data. The fluctuations were again observed to be a ~20%
effect.

The interpretation of the magnitude of the detected effects
in these classical detector experiments all rely upon some cal-
ibration theory, and there has always been confusion. Fortu-
nately spacecraft flyby Doppler shift analysis does not suf-
fer from such problems, and has indeed confirmed the re-
sults from the classical detectors. We now report the dis-
covery that nanotechnology quantum detectors respond to the
fluctuations of the passing space, and when the data from
two well-separated detectors is subject to a correlation anal-
ysis of the two local waveforms the average speed and direc-
tion of the passing space is revealed, together with signifi-
cant wave/turbulence effects. This technique gives an abso-
lute measurement of travel times.

3 Quantum gravitational wave detectors

When extending the Dual RF Coaxial Cable Detector exper-
iment to include one located in London, in addition to that
located in Adelaide, an analysis of the measured DSO inter-
nal noise in each identically setup instrument was undertaken,
when the extensive RF coaxial cable array was replaced by

500 |
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Fig. 1: Top: Speeds vp, of the space velocity v projected onto the
horizontal plane of the Miller gas-mode Michelson interferometer
located atop Mt.Wilson, plotted against local sidereal, for a com-
posite day, with data collected over a number of days in September
1925, see [1]. The data shows considerable fluctuations, from hour
to hour, and also day to day, as this is a composite day. The dashed
curve shows the non-fluctuating best-fit variation over one day, as
the earth rotates, causing the projection onto the plane of the inter-
ferometer of the velocity of the average direction of the space flow
to change. The maximum projected speed from the curve is 417
kmy/s, corresponding to a speed of 453 kmy/s, with a RA of ~5 hrs,
which is very close to results reported herein. The Cassini flyby
Doppler shift data in August 1999 gives a RA = 5.2 hrs [1]. The
green data points, with error bars, at 7 hrs and 13 hrs, are from
the Michelson-Morley 1887 data. The ~20% speed fluctuations are
seen to be much larger than statistically determined errors, reveal-
ing the presence of turbulence in the space flow, i.e gravitational
waves. Bottom: South celestial pole region. The dot (red) at RA
= 43", Dec = 75°S, and with speed 486 kmy/s, is the direction of
motion of the solar system through space determined from NASA
spacecraft earth-flyby Doppler shifts [1], revealing the EM radiation
speed anisotropy. The thick (blue) circle centred on this direction is
the observed velocity direction for different days of the year, caused
by earth orbital motion and sun 3-space inflow. The corresponding
results from the Miller gas-mode interferometer are shown by 2nd
dot (red) and its aberration circle (red dots). For December 8, 1992,
the velocity is RA = 5.2", Dec = 80°S, speed 491 km/s, see Table 2
of [1]. The thinner blue aberration circles relate to determination of
earth 3-space inflow speed, see [1].
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Fig. 2: Correlations in band-passed Adelaide-London DSO data
(top) and Perth (Australia)-London REG data (bottom), for January
1, 2013, with London data (red, open dots) advanced by 15 s in both
cases, over the same 200 s time interval. The data points are at 5 s
intervals. In-phase correlations from collocated Zener Diode Detec-
tors are shown in Fig. 7. The REG data was recorded every 1 s, and
has been averaged to 5 s intervals for ease of comparison with DSO
data. The data shows a quasi-periodicity of ~20 s, related to the re-
verberation effect [3]. The UTC time at all detectors was determined
using internet timing applications, which have ms precision.

short leads. This was intended to determine the S/N ratio for
the joint Adelaide-London experiment. Surprisingly the in-
ternal noise was found to be correlated, with the noise in the
London DSO being some 13 to 20 seconds behind the Ade-
laide DSO* noise, see Fig. 2. The correlation data had a phase
that tracked sidereal time, meaning that the average direction
was approximately fixed wrt the galaxy, but with extensive
fluctuations as well from the gravitational wave/turbulence
effect, that had been seen in all previous experiments. The
explanation for this DSO effect was not possible as the DSO
is a complex instruments, and which component was respond-
ing to the passing space fluctuations could not be determined.
But the correlation analysis did demonstrate that not all of
the internal noise in the DSO was being caused solely by
some random process intrinsic to the instrument. Subsequent
experiments, below, now suggest that there are zener diodes
within the time difference measurements hardware within the
DSO.

The travel time delay 7(f) was determined by computing

“LeCroy WaveRunner 6051A DSOs were used.

the correlation function

t+T
Cnn) = f dr'S\(t —t/Sa[f +1/2)e " (2)
t

-T

for the two detector signals S;(7) and S, (7). Here 2T = 200s
is the time interval used, about UTC time ¢. The gaussian term
ensures the absence of end-effects. Maximising C(t, ) wrt T
gives 7(f) - the delay time vs UTC ¢, and plotted in Figs. 3
and 4, where the data has been binned into 1hr time intervals,
and the rms also shown. The speed and direction, over a 24hr
period, was determined by fitting the time delay data using

= M’ (3)

T
v2

where R is the Adelaide-London spatial separation vector,
and v(#,9) is the 3-space velocity vector, parametrised by
a speed, RA and Declination. This expression assumes a
plane wave form for the gravitational waves. The 7(7) delay
times show large fluctuations, corresponding to fluctuations
in speed and/or direction, as also seen in data in Fig. 1, and
also a quasi-periodicity, as seen in Fig. 2. Then only minimal
travel times, 10 s < 7 < 22 s, were retained. Correlations, as
shown in Fig. 2, are not always evident, and then the correla-
tion function C(, t) has a low value. Only 7(7) data from high
values of the correlation function were used. The absence of
correlations at all times is expected as the London detector is
not directly “downstream” of the Adelaide detector, and so a
fractal structure to space, possessing a spatial inhomogeneity,
bars continuous correlations, and as well the wave structure
will evolve during the travel time. Fig. 2 shows examples of
significant correlations in phase and amplitude between all
four detectors, but with some mismatches. The approximate
travel time of 15 s in Fig. 2 at ~4.2 hrs UTC is also apparent in
Fig. 3, with the top figure showing the discovery of the corre-
lations from the two DSO separated by a distance R = 12160
km. That the internal “noise” in these DSO is correlated is a
major discovery.

There are much simpler devices that were discovered to
also display time delayed correlations over large distances:
these are the Random Number Generators (RNG) or Random
Event Generators (REG). There are various designs available
from manufacturers, and all claim that these devices mani-
fest hardware random quantum processes, as they involve the
quantum to classical transition when a measurements, say,
of the quantum tunnelling of electrons through a nanotech-
nology potential barrier, ~10 nm thickness, is measured by
a classical/macroscopic system. According to the standard
interpretation of the quantum theory, the collapse of the elec-
tron wave function to one side or the other of the barrier, after
the tunnelling produces a component on each side, is purely a
random event, internal to the quantum system. However this
interpretation had never been tested experimentally. Guided
by the results from the DSO correlated-noise effect, the data
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Fig. 3: Travel times from DSO-DSO Adelaide-London data (top),
and REG-REG Perth-London data (bottom) from correlation analy-
sis using (2). The data in each 1 hr interval has been binned, and
the average and rms shown. The thick (red line) shows best fit to
data using plane wave travel time predictor, (3), but after excluding
those data points between 8 and 13 hrs UTC (top) and 10 and 15
hrs UTC (bottom), indicated by vertical band. Those data points are
not consistent with the plane wave modelling, and suggest a scatter-
ing process when the waves pass deeper into the earth, see Fig. 5.
The Perth-London phase is retarded wrt Adelaide-London phase by
~1.5 hrs, consistent with Perth being 1.5 hrs west of Adelaide. The
Adelaide-London data gives speed = 512 km/s, RA = 4.8 hrs, Dec
= 83°S, and the Perth-London data gives speed = 528 km/s, RA =
5.3 hrs, Dec = 81°S. The broad band tracking the best fit line is
for +1 sec fluctuations, corresponding to speed fluctuation of +17
km/s. Actual fluctuations are larger than this, as 1st observed by
Michelson-Morley and by Miller, see Fig. 1.

from two REGs, located in Perth and London, was examined.
The data* showed the same correlation effect as observed in
the DSO experiments, see Figs. 2—4. However REGs typi-
cally employ a XOR gate that produces integer valued out-

*The data is from the GCP international network: http://teilhard.
global-mind.org/

1, 2012. The data in each 1 hr interval has been binned, and the
average and rms shown. The thick (red line) shows best fit to data
using plane wave travel time predictor, (3), but after excluding those
data points between 18 and 23 hrs UTC, indicated by vertical band.
Those data points are not consistent with the plane wave modelling.
This data gives speed = 471 km/s, RA = 4.4 hrs, Dec = 82°S. The
change in phase of the maximum of the data, from UTC = 22+2 hr,
for August 1, 2012, to UTC = 12+2 hr for January 2013 (Fig. 3),
but with essentially the same RA, illustrates the sidereal effect: the
average direction of the space flow is fixed wrt to the stars, apart
from the earth-orbit aberration effect, Fig. 1.

Distance to Earth Centre (km)

g 4000
<

0 5 10 15 20
UTC (hrs)

Fig. 5: Given measured space velocity, plots show maximum
earth penetration depth of space detected by London detectors for
Adelaide—London, Jan1, 2013 (red) and Perth—London, August 1,
2012 (blue), revealing that the anomalous scattering occurs when
deeper depths are “traversed”. The vertical shadings correspond to
those in Fig. 3 (top) and Fig. 4.

puts with a predetermined statistical form. To study the zener
diode tunnelling currents without XOR gate intervention two
collocated zener diode circuits were used to detect highly cor-
related tunnelling currents, Figs. 6 and 7. When the detectors
are separated by ~0.5 m, phase differences ~us were observed
and dependent on relative orientation. So this zener diode cir-
cuit forms a very simple and cheap nanotechnology quantum
detector for gravitational waves.
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Fig. 6: Left: Circuit of Zener Diode Gravitational Wave Detector,
showing 1.5 V AA battery, IN4728A zener diode operating in re-
verse bias mode, and having a Zener voltage of 3.3 V, and resistor
R = 10 kQ. Voltage V across resistor is measured and used to de-
termine the space driven fluctuating tunnelling current through the
zener diode. Correlated currents from two collocated detectors are
shown in Fig. 7. This design avoids data degradation from the XOR
gate in commercial REGs. Right: Photo of zener diode showing size
in comparison to pencil tip. The zener diode costs $0.5.

4 Dynamical 3-space gravitational waves

It is necessary to give some background to the interpretation
of reported correlations as gravitational waves. Experiments
and theory have suggested that space is a dynamical system:

ov Sa
V-(E + (V-V)V) g (rDY? - tr(D?)) +

“

where D;; = 0v;/0x; and p(r, t) is the usual matter density.
This entails a velocity field v(r,?) describing the motion of
a structured 3-space relative to an observers frame of refer-
ence. This easily follows from writing Newtonian gravity
in terms of a velocity field, which then permits additional
terms, with coeflicients « and §. This field and its fluctuations
has been repeatedly detected over some 125 years. The 1st
term, the Newtonian gravity term, involves the Euler 3-space
constituent acceleration, while the a— and §— terms contain
higher order derivative terms and describe the self interac-
tion of space. Laboratory, geophysical and astronomical data
suggest that « is the fine structure constant ~ 1/137, while
0 appears to be a very small but non-zero Planck-like length.
The emergence of gravity arises from the unique coupling of
quantum theory to the 3-space, which determines the ‘gravi-
tational” acceleration of quantum matter as a quantum wave
refraction effect,

&V ((trD)* - tr(D?)) + ... = —4nGp,

v v 1d (Vg
=— -V v - ——| 2
g= o + (V- VIV (VXV)vR V§2dt(c2 )
-2

where vg = Vg — v is the velocity of quantum matter relative
to the local space. The 1st two terms are the Euler 3-space

acceleration, the 2nd term explains the Lense-Thirring effect
when the vorticity is non-zero, and the last term explains the
precession of planetary orbits. Neglecting relativistic effects
(4) and (5) give

(6)

where ppy is the @ and ¢ term, describing a 3-space self-
interaction effects, with the o term explaining the so-called
‘dark matter’ effects. The spatial dynamics is non-local and
exhibits instantaneous effects, which points to the universe
being highly connected, consistent with the deeper pre-space
Process Physics [6]. Historically this was first noticed by
Newton who called it action-at-a-distance. This shows a high
degree of non-locality and non-linearity, and in particular that
the behaviour of both ppy, and p manifest at a distance irre-
spective of the dynamics of the intervening space. A key im-
plication of (6) is that observed fluctuations in v(r, #) can only
generate gravitational effects via the ppy, processes. So the
velocity field is more fundamental than the Newtonian gravi-
tational acceleration field. Although not presented herein sig-
nificant fluctuations in v(r, f) were observed to be correlated
with solar flares, coronal mass ejections, and earthquakes.
These effects suggest that the 11 year solar cycle is caused by
galactic-scale larger than normal 3-space fluctuations. The
delay of several days between major fluctuations and solar
flares implies that the new 3-space/gravitational wave detec-
tors may be used as an early warning system for such solar
flares.

One consequence of the non-linearity of (4) is that fluctu-
ations in v(r, ) develop reverberations [3], which are clearly
apparent in the data in Fig. 2. Another implication suggested
by the data is that when the 3-space fluctuations penetrate the
earth the non-linearity cause the 3-space waveforms to man-
ifest at a distance, without propagating through the interven-
ing space, resulting in an apparent speed-up, as manifestly
evident in the data — an effect that had to be taken into ac-
count in the analysis based upon a normal plane-wave like
propagation, as indicated by the vertical bands in Figs. 3 and
4. The data from numerous experiments clearly shows that
the so-called “gravitational waves” have observed properties
very different from those commonly assumed.

V. g =-4nGp - 4nGppwm,

5 Probability in Quantum Theory

The conventional quantum theories all have the generic form
ihdy /0t = Hy, differing only by the configuration space on
which ¢ is based, and the Hamiltonian. The interpretation has
been, as proposed by Born, that [i/|? is the probability density
for the location of a particle, which is assumed to exist apart
from . However missing from this generic unitary time evo-
lution for  is (i) the existence of a dynamical 3-space, as
distinct from the usual frame of reference, and which leads to
gravity as am emergent phenomenon, and (ii) the existence of
terms which model the localisation of ¢ in space by a clas-
sical detector of quantum waves [5]. In [6, p. 40], it was
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Fig. 7: Zener Diode tunnelling currents over 5 sec interval, showing higher time resolution than in Fig. 2. Band pass filter was used to
remove higher frequencies. Plots have been displaced vertically for ease of viewing. The two zener diode circuits were collocated with the
zener diodes separated by ~30 mm. Highly correlated currents are observed, demonstrating that the tunnelling currents are not random, as
required by the conventional interpretation of quantum theory, and as 1st discovered in the Adelaide-London correlations.

argued that emergent classicality, including the ¢ localisation
effects, are caused by fluctuations in the 3-space. This and
the present results would amount to the discovery that reality
is fundamentally only quantum waves embedded in a quan-
tum foam space, and that the classical world is an emergent
macroscopic phenomenon: our reality is induced by the na-
ture of 3-space fluctuations.

6 Conclusions

We have reported the discovery of the quantum detection of
gravitational waves, showing correlations between well sep-
arated locations, that permitted the absolute determination of
the 3-space velocity of some 500 km/s, in agreement with
the speed and direction from a number of previous analy-
ses, including in particular the NASA spacecraft earth-flyby
Doppler shift effect. This discovery enables a very simple
and cheap nanotechnology zener diode quantum gravitational
wave detection technology, which will permit the study of
various associated phenomena, such as solar flares, coronal
mass ejections, earthquakes, eclipse effects, moon location
effects, non-Poisson fluctuations in radioactivity [4], and
other rate processes, and variations in radioactive decay rates
related to distance of the earth from the Sun, as the 3-space
fluctuations are enhanced by proximity to the sun.
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We apply the bipolar model of oscillations in a chain system to the data set of standard
atomic weights. 90% of these masses could be reproduced by this model and were ex-
pressed in continued fraction form, where all numerators are Euler’s number and the
sum of the free link and all partial denominators yields zero. All outliers were either ra-
dioactive or polynuclidic elements whose isotopic compositions as found in samples on
Earth might not be fully representative for the mean values when considering samples

from all parts of the universe.

1 Introduction

In several previous papers we applied the model of oscilla-
tions in a chain system to various systems such as the solar
system [1], excited electronic states of atoms [2], the electron
density in the Hydrogen atom [3], and more recently to the
mass distribution of elementary particles [4].

Initially, this model was founded by Miiller in three fun-
damental articles [5—7] and assumes that all protons in the
universe are oscillators, coupled through the physical vac-
uum. As a consequence we can consider (in the most simplest
case) a chain of equal harmonic proton oscillators with an as-
sociated logarithmic spectrum of eigenfrequencies which can
be expressed through continued fractions. In that way, every
mass is interpreted as a proton resonance state and expressed
in continued fraction form.

Recently, a bipolar version of this model was proposed
for the description of elementary particles [4], because the
traditional version could not reproduce their masses in a fully
satisfactory way. The idea of bipolarity postulates that the
fundamental spectrum of proton resonances has an opposite,
an anti-oscillation or inverted oscillation spectrum, and this is
the spectrum of electron resonances.

Mathematically, two opposite oscillation states are char-
acterized through equal continued fraction representations,
but with the difference that in one case all denominators, the
free link and the phase shift have been multiplied by (-1).
From the analysis of elementary particle masses it was sug-
gested to express the electron mass as a proton resonance and
the proton mass as an electron resonance through the follow-
ing equations (e is Euler’s number):

Melec e
In electron Py " (—6) " -
Mproton 2+ _6
and
mpr()fon
In—2"" = p, + 6+ ———.
Melectron (_12) + —
6

Numerically, p, was found to be ~ —1.75 [4]; for these
phase shifts must hold p, = -p..

In this article we show that the relative atomic masses can
be reproduced by almost the same the bipolar model. The
only parameter that must be adjusted is the phase shift (from
[pl = 1.75 to |p| = 1.79) and this is a very minor change.

2 Data sources and computational details

The standard atomic weights, including the proton and elec-
tron reference masses were taken from the web-site of the
National Institute of Standards (NIST) and were expressed
in the atomic mass unit u. The following abbreviations and
conventions for the numerical analysis hold:

The atomic masses are transformed into a continued frac-
tion according to the equations

m—"" —p+S, In

Melectron

=p,+S,
Mproton b
where p is the phase shift (it must hold p, = -p,) and S is the
continued fraction (e is Euler’s number)

e

— e M
n+-——
ny +

S =ng+

e

ns + ...

The numerical value of the phase shift p is initially un-
known and must be adjusted in such a way that the largest
possible amount of atomic weights can be expressed through
a continued fraction.

The continued fraction representation p+S is abbreviated
as [p;ng | ny,no,n3,...1, where the free link ny is allowed to
be 0,+3,+6,+9... and all partial denominators n; can take
the values e+1, —e—1, £6,+9, +£12. ... In the tables these ab-
breviations were marked with P or E, in order to indicate pro-
ton or electron resonance states.

The absolute value of the difference between the atomic
weight given by NIST and the atomic weight calculated from
the associated continued fraction representation is defined as
numerical error and listed in the tables.

An atomic weight is considered as an outlier when the
corresponding continued fraction representation provides a
mass value outside the interval “atomic mass + standard
deviation”.
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Table 1: Continued fraction representations of the 20 most accurately determined atomic weights (Helium and the set of 19 mononuclidic
non-radioactive elements), x = 1.7918229 is the phase shift, SD = standard deviation.

Element Mass + SD [u] Continued fraction representation(s) Numerical
symbol error [u]
He 4.002602 + 2.0 x 107¢ P[-x; 3|15, e+1, -6, e+1, 33, (6, -e-1, -e-1, -51)] 1.2x107°
Be 9.0121822 + 4.0 x 1077 P[-x;3|e+l, -e-1, e+1, -e-1, -e-1, e+1, -6, -6, 12, (-9, 6)] 43x10°8
F 18.99840322 + 7.0 x 1078 E[x;9]-9, e+1, -e-1, e+1, -e-1, -1680, (1680)] 2.6x107°
Na 22.9897692809 + 2.9 x 10™° | E[x;9]-18,-9, -9, -e-1, e+1, -33, 12, (48)] 7.9x 10710
Al 26.98153863 + 1.2 x 1077 P[0;319,6,18,-6,-6,e+1,9, (-e-1, 33)] 1.2x107°
P 30.97376163 + 2.0 x 1077 P[-x;6]-e-1, 12, -e-1, 6, -15, e+1, 6, (-15, e+1)] 1.6 x 1077
E[x; 9118, 15, -18, 18, (-42)] 1.1x1077
Sc 44.9559119 + 9.0 x 1077 P[0;3|e+1,-9,9, -e-1, e+1, -21, e+1, (-e-1, 18, -e-1)] 4.5%1077
E[0; 12| -e-1,-12, e+1, -6, 126, e+1, -e-1, -120] 9.1x10°8
Mn 54.9380451 + 7.0 x 1077 P[0;3|e+1,-e-1, e+1, -e-1, e+1, -e-1, 6, 18, e+1, -e-1, e+1, -e-1, (-27)] | 2.2x 1077
P[-x;6]-12, -e-1, e+1, -e-1, e+1, -6, 111, (-99)] 45%x1078
E[0;12]-6, 6, e+1, -24, e+1, -e-1, e+1, -6, (18, -e-1, -e-1)] 1.2%x10°8
E[x;9|e+1, 63, -e-1, 6, -9, -18, (-51)] 3.6x 10710
Co 58.9331950 + 7.0 x 1077 E[0; 12]-6, -6, e+1, -e-1, e+1, -e-1, e+1, -e-1, 162, (-162)] 5.7x 1078
E[x;9]e+1,-9, -6, -e-1, e+1, -24, -9, (-e-1, 39)] 4.4%x107°
As 74.9215965 + 2.0 x 1070 P [-x; 6 | 27, -30, -27, (24)] 2.3 %1077
Y 88.9058483 + 2.7 x 107° P[-x;6]9, e+1, -e-1, e+1, -e-1, -102, -e-1, (87, e+1)] 5.1% 1077
Nb 92.9063781 + 2.6 x 10~° P[-x;6]9,-6,-e-1,21, e+1, -e-1, (27, e+1, -57)] 22%x1078
E[0; 1269, -e-1, -6, 18, -e-1, (-93, e+1, e+1)] 6.9x 1077
Rh 102.905504 + 3.0 x 1076 P[-x; 66,6, -6, e+1, -e-1, -6, -6, -e-1, (e+1)] 9.1 x1077
I 126.904473 + 4.0 x 1076 P[-x; 6 | e+1, e+1, e+1,-93, 6, -e-1, e+1, (-e-1, 81, -e-1, -e-1)] 3.6x 1077
Cs 132.905451933 £ 2.4 x 1078 | E[0; 126, e+1,-6,99, e+1, 6, -6, (-111, -e-1, -e-1)] 1.7x10°8
Pr 140.9076528 + 2.6 x 107° P[-x; 6 | e+1, -330, -e-1, 6, -e-1, e+1, (-12, 330)] 44 %1078
E[0; 126, -63,-e-1, e+1, 9, -12, (48)] 2.5% 1077
Tb 158.9253468 + 2.7 x 1076 P [-x; 6 | e+1, -6, e+1, -e-1, -6, 525, (-519, -e-1)] 5.8x 1078
Ho 164.9303221 + 2.7 x 1076 P[0; 6| -e-1, e+1, 18, e+1, -6, 6, 75, (-99, -e-1)] 5.2%x107°
Tm 168.9342133 + 2.7 x 1076 P[0;6]-e-1,e+1, e+1,6,6,6,12, (15, -e-1, -51)] 32x107°
Au 196.9665687 + 6.0 x 1077 P[0; 6| -e-1,-78, e+1, e+1, 6, -e-1, e+1, (15, -e-1, 51)] 7.1x107°
E[0; 12| e+1, -9, -e-1, -e-1, -15, e+1, 6, -e-1, e+1, -e-1, (e+1, 6)] 4.6x 1077

3 Results and discussion

It can be easily verified that the standard Miiller model with
the phase shifts p = 0 and p = 1.5 does not apply at all to the
relative atomic weights, while the bipolar model with phase
shifts of approximately + 1.75 (as used in a previous study
[4]) produces around 30% outliers. When working with the
complete data set, varying the phase shift does not lead to a
clear result. In that case we obtain a wealth of slightly differ-
ent phase shifts, all providing a quite similar number of out-
liers and a similar sum of squared residuals (sum of squared
numerical errors).

In order to arrive at a conclusion, the data set of 84 atomic
masses was divided into two parts. The first part is composed
of the element Helium (two stable isotopes, but still very low
standard deviation) and the set of 19 non-radioactive mononu-
clidic elements. Here, the maximum measurement error is
2.7x107® u. The second part consists of the remaining el-

ements; their standard deviations vary from ~107> to 0.1 u
(Pb) due to isotopic variations found in samples taken at dif-
ferent locations on Earth.

It is fact that the “mean atomic mass” of a mononuclidic
element is everywhere in the universe exactly the same, while
we would expect some variations in the atomic masses of
polynuclidic elements when analyzing rock samples obtained
from different galaxies. It is reasonable to assume that the
conditions during the formation of the chemical elements
were subjected to variations throughout the universe.

Therefore we give priority to the atomic masses of the
mononuclidic chemical elements and only the first part of the
data set has been analyzed thoroughly. The phase shift was
adjusted in such a way that (a) the number of outliers, and
(b) the sum of squared residuals are minimized. This leads
to a phase shift of ~ 1.79 (exact value is 1.7918229) which is
close to In(6). Table 1 lists these atomic masses together with
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Table 2: Continued fraction representations of the atomic weights of polynuclidic elements, from H to Kr (except He), x = 1.7918229 is
the phase shift, SD = standard deviation.

Element Mass + SD [u] Continued fraction representation(s) Numerical
symbol error [u]
H 1.00794 +7x 107 | P [0;0]4128, (-4128)] 2.5x10°8
E[x;6]-9, e+1, 6, -e-1, e+1, -e-1, e+1, (-e-1, 9, -12)] 59%x1075
Li 6.941 +2x 1073 P [-x; 3| e+1, 57, (e+1, -e-1, -e-1, -60)] 5.5x 1074
E[0;9]6,27, (-42)] 49x 107
B 10811 +7x 1073 | P[0;3]-e-1, -e-1, -e-1,-9, (e+1, 6, e+1, e+1)] 20x107*
E[0;9|e+1, -e-1, -6, -e-1, (21, -24, e+1)] 55%x107°
E[x;9|-e-1, e+1, 24, (-33)] 3.5x1073
C 120107 £ 8x 107* | E[0;9|e+1, -e-1, e+1, -e-1, e+1, e+1, -6, (e+1, -9, 6, -e-1, -e-1, -e-1)] | 1.4 x 107
E[x;9]-e-1,9,-9, -e-1, e+1, (-9, e+1)] 6.8x 107
N 14.0067 £2x 107 | E[x;9] -e-1,-6, e+1,e+1, -e-1,9, (-12)] 6.2x107°
0 159994 +3x 10™* | P[0;3]-12,6,6, -e-1, (-e-1, 6, -9, e+1, e+1)] 9.0x 1077
Ne 20.1797 £ 6 x 10~* | P[0; 3 |-1056, (1053)] 23%x107°
E[x;9]-9, -e-1, 42, (-42, e+1)] 1.6x 1073
Mg 243050 £ 6 x 107* | P[0;3] 15, -15, (-138, 135)] 8.4x107°
E [x:9-30, e+1, -18, (-e-1, 39)] 8.7x 1073
Si 28.0855 +3x 107 | P[0;319, -e-1, -27, -e-1, e+1, (15, e+1)] 2.7x 1074
P[-x;6]|-e-1,e+1,e+1,e+1, -6, 18, (-e-1, -18, -e-1)] 2.1%x1073
S 32.065 + 5% 1073 P[0;3]6,-27, -e-1, (e+1, 18)] 3.1x 1074
P [-x; 6| -e-1, 33, (-33, -6, e+1)] 14x107°
E[x;9]15,-12, (6, -18)] 27%x107%
Cl 35453 £2x 1073 | E[0; 12]-e-1, e+1, -12, -e-1, 6, (-6, e+1)] 9.1x1073
Ar 39.948 + 1x 1073 | P[0;3]e+1,9,e+1,-9, e+1, (-e-1, 6, -e-1, -e-1, -9)] 43 %1077
P[-x; 6]-6, e+1, -6, e+1, -12, (18, -e-1, -e-1)] 6.8x 1074
E[0; 12]-e-1,9, -e-1, e+1, -e-1, (-21, e+1, e+1)] 3.9%x107*
E[x; 916, e+1, 348, (-e-1, -363)] 20x107°
K [Outlier] | 39.0983 +1x107* | P[0;3|e+1,6,e+1,9,-e-1,e+1, -e-1, e+1, -e-1] 63 %107
Ca 40.078 +4x 1073 | P[-x;6 -6, e+1, -6, -e-1, 6] 1.1x1073
E[0; 12]-e-1,9, -e-1, -e-1, -e-1, (-21, e+1, e+1, e+1, e+1)] 1.3x107*
E[x;9]6,e+1,9, (-24, -e-1)] 8.0x 107
Ti 40.078 + 1 x 1073 | E[0; 12| -e-1, -e-1, -6, e+1, 45, (-51, e+1)] 1.2x1075
E[x:9|e+1,e+l, -e-1,9, (-23202, -e-1, 23184)] 6.8 x 10712
V [Outlier] | 50.9415 +1x107% | P[0;3|e+1, -e-1, 12, e+1, -e-1, e+1, -e-1, e+1, -e-1] 47 %1074
Cr 51.9961 + 6x 107 | P[0;3|e+1, -e-1, 6, -9, -12, (12)] 1.8x107°
E[0;12]-6, e+1, -e-1, e+1, -15, e+1, (-e-1, 9, -e-1)] 3.4x107°
Fe 55.845 +2x 1073 P [-x; 6]-15, e+1, -e-1, -30, (39)] 1.6 x107*
E[0;9]e+1, -69, 6, (54, -e-1)] 2.4x1074
Ni 58.6934 £ 4x 107* | P[-x;6]-18, -e-1, e+1, -e-1, e+1, -e-1, (12, e+1)] 29%x107*
E[0;12]-6,-6,9, -e-1, e+1, (-9)] 3.9%x 107
Cu 63.546 + 3 x 1073 P [-x; 6]-42, -e-1, -15, (51, e+1)] 8.5x107°
E[x;9|e+1, -e-1, -e-1, e+1, -75, (66)] 7.5%107°
Zn 65.38 +2 % 1072 P [-x; 6|-78, e+1, (-e-1, 72)] 3.4x1073
E[0;12]-9,9, e+1, (-e-1, -12)] 44%1073
E[x;9|e+l1, -e-1,-12, e+1, (-21, 24, -e-1)] 9.8x 1073
Ga 69.723 + 1 x 1073 | P[-x;6]93, 6, e+1, (-105, -e-1)] 33%x107°
E[x;9|e+l, -e-1,e+1, 6, e+1, -e-1, e+1, -e-1, (-e-1, -15)] 45x%x107°
Ge 72.64 + 1 x 1072 P [-x; 6|39, -12, (-33)] 1.1x1073
Se 78.96 + 3 x 1072 P[-x;6]18,-9, (-15)] 2.1x1073
Br 79904+ 1x 1073 | E[0;12]-24, -6, 6, (12)] 44 %107
Kr 83.798 + 2 x 1073 P[-x; 6] 12, e+1, -18, (6, -e-1, -6)] 3.4x107°
E[0; 12]-42, -e-1, e+1, e+1, (-e-1, 30)] 23%x107*
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Table 3: Continued fraction representations of the atomic weights of polynuclidic elements, from Rb to Os, x = 1.7918229 is the phase
shift, SD = standard deviation.

66

Element Mass + SD [u] Continued fraction representation(s) Numerical
symbol error [u]
Rb 85.4678 +3x 1074 P[-x;6]12,-9,6, -6, -e-1, (-9, e+1)] 23x1074
E [0; 12| -63, e+1, -15, (66, -e-1)] 2.1x107*
Sr 87.62 + 1 x 1072 E[0; 12| -144, (132)] 5.8x1073
Zr 91.224 +2x 1073 P[-x; 619,21, e+1, (-36, -e-1)] 2.8x 1074
E [0; 12126, 6, (-144)] 46x107°
Mo [Outlier] | 95.96 + 2 x 1072 E [0; 1239, -e-1, e+1, -e-1, e+1] 5.7%1072
Ru 101.07 £ 2 x 1072 P[-x;6]6,e+1,-9, -e-1, (6, -9)] 3.5x1073
E[0; 1221, e+1, -e-1, (12, -45)] 8.6x 107
Pd 106.42 + 1 x 1072 P[-x; 66, 189, (6, -207)] 1.5%x 1073
E[0; 1215, 6, -6, (-27)] 82x1073
Ag [Outlier] | 107.8682+2x10™* | E[0;12]15,-e-1, -e-1,-6, e+1, -e-1, e+1, -e-1] 33%x107*
Cd [Outlier] | 112.411 +8x 1073 E[0; 1212, -15, e+1, -e-1, e+1, -e-1] 1.1x 1072
In 114.818 +3x 1073 P[-x;6]6,-e-1,6, -e-1, 6, e+1, (-24, e+1)] 25x%1073
Sn 118.710 + 7 x 1073 E[0;12]9, 6, -1, e+1, -e-1, e+1, (-27)] 1.5% 1073
Sb 121.760 + 1 x 1073 P[-x; 6| e+1, e+1, -e-1, 30, 6, (42, -e-1)] 8.6x 1073
E[0;12]9,-12,e+1, e+1, -e-1, e+1, (-e-1, -9, -e-1)] 63x107*
Te [Outlier] 127.60 + 3 x 1072 P[-x;6|e+1,e+1,e+1, -e-1,e+1, -e-1,e+1] 7.2%1072
Xe [Outlier] 131293 £ 6 x 1073 P[-x;6|e+1,6,e+1, -e-1,e+1, -e-1, e+1, -e-1] 1.1 %1072
Ba 137.327 £ 7x 1073 P[-x; 6| e+1, 21,6, (-33, -e-1)] 49x1073
E[0;1216,9,-9, e+1, (-18, -e-1)] 8.9x107*
La 138.90547 + 7x 1075 | P[-x; 6| e+1, 42, -e-1, -e-1, -6, (-42, e+1)] 3.1x107°
Ce 140.116 £ 1 x 1073 P[-x; 6| e+1, 132, 6, (-e-1, -144)] 5.8x 1074
E[0; 126, 84, e+1, -e-1 (-102)] 8.1x107*
Nd 144242 £ 3% 1073 E[0;12]6,-9, e+1, -6, (9, -e-1, -12)] 8.9x 107
Sm 150.36 + 2 x 1072 P[0;6]-e-1,e+1,-e-1,e+1, -e-1, -e-1, (-18, 12, e+1, e+1)] 1.9x107*
P[-x; 6]e+1,-9, 12, (-e-1, -9)] 28x1073
Eu 151.964 + 1 x 1073 P[0;6]-e-1,e+1, -e-1, e+1, e+1, -6, (-69, -e-1, 69)] 8.3x 1070
E[0;12]6, -e-1, e+1, 6, e+1, -24, (-e-1)] 8.7x 1073
Gd 157.25 +3 x 1072 P[0; 6] -e-1, e+1, -6, e+1, -e-1, e+1, (9, -e-1, -9)] 9.7%x107*
P[-x; 6| e+, -6, 6,-12, (-e-1, 6)] 12x1073
Dy 162.500 + 1 x 1073 P[-x; 6| e+l, -e-1,-e-1, -45, (e+1, 39)] 5.0x 107
E[0; 12 |e+1, e+1, -6, -e-1, -9, -e-1, e+1, (-e-1, 9, -6)] 7.4 %107
Er 167.259 + 3 x 1073 P[0;6]-e-1,e+1,6,6,e+l, (-18, -e-1)] 3.8x 1074
P [-x; 6| e+1, -e-1,-27, 30, (-9)] 1.3%x107*
E[0; 12 | e+1,e+1, e+1, 63, (-e-1, -75, -e-1, -e-1)] 20x 1074
Yb 173.054 + 5x 1073 P[0; 6] -e-1, 6, -e-1, e+1, (222, e+1, -234)] 1.5%x 1073
P[-x;6]e+], -e-1,6,e+1,9,e+1, (-e-1, -e-1, -21)] 8.6x1074
E[0; 12| e+l, 6, e+1, -e-1, e+1, -e-1, -e-1, (-18)] 1.0x 1073
Lu 1749668 + 1 x 1074 | P[0;6]-e-1,6,-6,9, -e-1, e+1, e+1, (-15)] 14x107°
P[-x;6|e+1, -e-1, 6, -e-1,e+1, -6, -e-1, e+1, -e-1, (-6, e+1)] | 7.3 x 1073
Hf 178.49 + 2 x 1072 P[-x; 6]e+1,-e-1, e+1, -48, (-e-1, 42)] 1.9x1073
Ta 180.94788 £ 2x 107 | E[0; 12 |e+1, 21, -39, -6, (-e-1, 12)] 1.1x 107
W 183.84 + 1 x 1072 P[0;6]-e-1,9,9, -e-1, (e+1, -24, e+1)] 3.4x1073
P[-x;6|e+],-e-1, e+l, -e-1, e+1, -e-1, 15, (-21)] 23%x1073
E[0; 12| e+1, 60, (-72, -e-1)] 1.8x 1073
Re 186.207 + 1 x 1073 P[0;6]-e-1, 12, -6, -12, (e+1)] 12x 107
E [0; 12 | e+1, -135, (123, -e-1)] 58x107*
Os 190.23 + 3 x 1072 E [0; 12 | e+1, -21, -e-1, (9)] 3.6%x1073
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Table 4: Continued fraction representations of the atomic weights of polynuclidic and radioactive elements, from Ir to U, x = 1.7918229 is

the phase shift, SD = standard deviation.

Element Mass + SD [u] Continued fraction representation(s) Numerical
symbol error [u]
Ir 192.217 £ 3 x 1073 E[0; 12| e+1, -15, -e-1, -9, -e-1, (e+1, 12)] 1.1x1073
Pt 195.084 + 9 x 1073 P [0; 6] -e-1, 195, (-201, e+1)] 1.9x 1073
E[0; 12| e+1,-12, e+1, 15, (-e-1, -e-1, -15)] 42x 107
Hg 200.59 + 2 x 1072 P[0;6]-e-1,-21, 6, (e+1, 9)] 1.6x1073
Tl 2043833 +2x 107 | P[0;6]-e-1,-12,6, -e-1, e+1, e+1] 1.9x 107
E[0; 12| e+1, -6, -12, 6, e+1, -e-1, (-e-1)] 54x%107°
E[x; 12 -e-1, e+1, -e-1, -12, -27, (27, e+1)] 7.9%107°
Pb 207.2 +0.1 P[0;6]-e-1,-9, 6, (12,-15, e+1)] 14x1073
E [0; 12| e+1, -6, 6, (27, -39, -e-1)] 8.4x107°
E[x; 12| -e-1, e+1, -6, e+1, -e-1, e+1, -e-1 (-6)] 6.8 x 1072
Bi [Outlier] | 208.98040 + 1 x 107> | E[0; 12 |e+1, -6, e+1, -9, -e-1, -e-1, 6, e+1, -e-1, e+1, -e-1] 1.8x 1075
Pa 231.03588 +2x 107> | E[x; 12]-e-1, 6, -6, -e-1, -e-1, -18, -6, (e+1, e+1, e+1, 12)] 1.2x107°
Th 232.03806 £ 2x 1075 | E[0; 12| e+1, -e-1, e+1, e+1, -9, e+1, e+1, -9, e+1, -e-1 (6, -e-1, -e-1, -e-1, -e-1)] | 1.7 x 107>
E[x;12]-e-1,6,-12, -e-1, 6, 6, -e-1 (9, e+1, e+1, e+1, -27)] 5.0%x 1077
U 238.02891 £3x 107> | E[0; 12| e+1, -e-1, e+1, -6, e+1, e+1, -e-1, -15, (-e-1, -e-1, 9)] 1.8x107°

the corresponding continued fraction representations and the
numerical errors. As it can be seen, no outlier is present.

Moreover, many continued fractions show the effect of
successively canceling denominators. For instance, the con-
tinued fraction representation for Be, as calculated by the
computer is: P [-x; 3 | e+1, -e-1, e+1, -e-1, -e-1, e+1, -6,
-6, 12, (-6, -360, ...)]. The denominators in brackets are not
required to obtain a mass value inside the interval “atomic
mass + SD”. Through a minimal manipulation, we obtain a
zero sum of all denominators and the free link, without signif-
icantly changing the value of the fraction: P [-x; 3 | e+1, -e-1,
e+l, -e-1, -e-1, e+1, -6, -6, 12, (-9, 6)]. As this procedure
can be applied in a similar way to all elements, we demon-
strate this and opted to express all continued fractions as a
zero sum. Only redundant denominators (given in brackets)
were manipulated to achieve the zero sums.

In a second step, the so-adjusted model was tested against
the remaining 64 chemical elements. Only eight outliers were
found (K, V, Mo, Ag, Cd, Te, Xe, Bi [radioactive]). Tables 2
to 4 show the results; for outliers, the best possible contin-
ued fraction is displayed (not as a zero sum), and it can be
seen that in most cases the atomic mass is reproduced with a
numerical error very little higher than the standard deviation.

4 Conclusions

The relative atomic masses are now the second data set that
can be described by the bipolar model of oscillations in a
chain system. In total, 10% outliers were found which might
be attributed to the fact that the isotopic compositions of these
outlier elements as found here on Earth are not good repre-
sentatives for the true mean compositions when considering
samples from distant parts of the universe.

Anyway, it is important to note that all mononuclidic ele-
ments can be described perfectly by this model.
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Retired Physicist, Home fBce: 618 S. 24th St., Laramie, WY, USA. E-mail: cahafele @tmeset

This article provides the basic design for a laboratoryrimeent that may detect the
Earth’s time-retarded transverse vector potential [HafeC.Zelm. Jour., 2012, v.5,
134]. The instrument is based on the compound pendulum uged.A. Kozyrev

to measure the change in weight of a suspended aircraft atawig gyroscope
[Kozyrev N.A. Zelm. Jour., 2012, v.5, 188]. If such an instrument is developed to mea-
sure the strength of the Earth’s vector potential with aigrex of about 1 part in 1000,
the neoclassical causal theory can be worked backwardddolai@ the speed of the
Earth’s gravitational field.

Introduction

A new causal version for Newtonian gravitational theory hi ﬁ

been shown to explain exactly the six Earth flyby anomali vertical

reported by NASA in 2008, and also explain exactly an ove _ {}

looked lunar orbit anomaly [1,2]. The new causal theor jos earn. Totor

which retains the traditional acausal radial component, 1
quires in addition a small time-retarded transverse corapbn
for the Earth’s gravitational field. The new transverse comp
nent is orthogonal to the traditional radial component and
directed along the east-west direction. It is well-knowatth
the traditional radial component can be derived from the gra
dient of a scalar potential. However, the time-retardensira Fi9- 1: Schematic of the compound pendulum developed by
verse component can be derived only from the curl of a vechbf: K0Zyrev to measure a change in the weight of a gyroscope s

. . . pended from a balanced cross beam [6]. The preferred cti@mta
potential. The formula for the vector potential will be faln

b ina Stoke's th Th i - of the cross beam appears to have been along the/sauth direc-
y using Stoke’s theorem. The resulting vector potentiak-is tion, and that for the rotational axis of the gyroscope’®rationg

rected along the north-south direction. The north-south-Coe eagtvest direction. In some cases a weight change was detected
ponentof the gravitational field is given by the time-detiv@ py a small steady imbalance in the cross beam.

of the vector potential. By using an analogous Lorentz force
law, it will be shown that a small time-dependent radial com- : S :
ponent is created by induction from the north-south gravit‘gﬁherec IS the wellfknown speed of I|ght In vac’uumaJs the

tional field. This small induced radial component can sI'gghiE ectronic charge in staicoulombs, amés Plank’s constant.

- ‘he numerical value for the ratif/h is 350 knjs. Kozyrev
change the weight of a suspended gyroscope. By measu E[)I;I d by experiment that, = 700 kms= 2€2/h— c/430=
¥

TT.

the change in weight, the neoclassical causal theory can
worked backwards to deduce the strength of the vector pot%
tial, and thereby indirectly measure the speed of the Eart
gravitational field.

More than 60 years ago [3], N.A. Kozyrev used the ca
ality principle to predict the need for a second universidee

h A schematic for the compound pendulum developed by
N.A. Kozyrev to measure;, is shown in Fig. 1 [6]. Kozyrev

ufg_und that the weight of the gyroscope under certain condi-
tions would change when there is a vertical vibration of the

ity, one that is to be associated with rotational motion 4. cross arm. Sometimes he observed a relative weight change

designates; as the speed for this second universal veloci@/." the ordgr Of 10. ] o )
He developed a theory that suggests that the numerical value! Ne objective othis article s to derive the fects of the

for ¢, should be related to the fine structure constant [5]. figoclassical causal theory on a suspended gyroscope. We wil
electrostatic cgs units, the unit of electric charge is tiag s find that the weight changes observed by N.A. Kozyrev may
have been caused by the causal version of Newton'’s theory.

coulomb.
The formula for the fine-structure constant, designated by
@, in cgs electrostatic units, becomes [5] Parameter values and basis vectors
w1 Numerical values for various parameters will be needed. Let
=<Th = 137 (1) m be the mass of the gyroscope’s rotor, lebe its radius,
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let wrot be its angular speed, 18 be the rotational period, gyroscope. Leh be the rotor’s height above the Earth’s sur-
let I,or be the moment of inertia, let;« be the angular mo- face, lethy be a constant altitude, lbt be the vibration ampli-
mentum vector, and léf, be the rotational energy. Typicatude, and letu, be the angular speed for a vertical vibration.
numerical values for the parameters of an aircraft navagatiThen

gyroscope are [4] h = h + hy CoSwit. @)
m=01kg The time dependent geocentric radial distance becomes
R=2x102m,
wrot = 27500 ragls = 3.14x 10° rad’s, . (1 o he @ht))_ )
Prot = 21/wror = 2x 1073 s, @ re  fre
Irot = MR? = 4 10°° kg x m, Letr, be the rotor’s geocentric radius of gyration
\]rot = Irota)rot = 0.126 ng mz/S,
hp h
Erot = % lrotwioy = 197 kgx NP/, ry = e COSA (1 + r—° + r—l cos @)ht)), (6)
E E

Let the Earth be simulated by a spinning isotropic sphere,of , N .

. . . Letv be the rotor’s vector inertial velocity
radiusrg, massMg, sidereal spin angular spe€g¢, equato-
rial surface speedyy, moment of inertid g, surface gravita-
tional scalar potentiape, surface gravitational fielgg, spin
energyEg, and spin angular momentudk. Numerical val- The formulas for yand v, are
ues for the Earth’s parameters are [1]

V=6V + Vs + €V, @)

G = 6.6732x 1011 N x m2/kg2, v, = % _ —hyeon sin (i),
re =6.37x 10° m, he hy (8)
Mg = 5.98x 1074 kg, Vy = 13Qg = reQe cosa|1+ E + E COS (nt)].
Qp =7.29%x 10°° rad/s,
Veg = FeQE = 4.65% 102 m/s, Let E; be the radial energy. If the radial energycstant,
“ 7 5 then
lg =8.02x 10°” kgx m?,
3 1
0 = GrME =6.26x 10" m?/<, constant = E; = 7 mvf — mggh =
E
1 .
gt = GMe _ g3 e =5 mh2w? sir? (wnt) — mge(ho + hy €oS ).
rg ’ 9)
1 By using a trig identity for sif(wnt), the time independent

Be=3 Q2 = 2.13x 10%° kgx m?/<,
Je = IEQE = 5.85x% 1033 ng m2/s

. N 1 .55

Let (X,Y,Z) be the rectangular coordinates for an inertial constant = 7 mhiwy, — Mgeho. (10)
frame-of-reference, let the Earth’s center be at the origin
the (X, Y) plane coincide with the equatorial plane, and I&uppose a gyroscope is suspended by a spring of unstretched
the axis of rotation coincide with th&-axis. Letex be a unit length{o and spring constaif as depicted in Fig. 2. Suppose
vector directed outwardly along thé-axis, letey be a unit the upper end of the spring is connected to a vibrator which
vector directed outwardly along thé-axis, and lete; be a can produce a time-dependent supporting force.
unit vector directed outwardly along tieaxis.

Let the spherical coordinates for an exterior field-point Fup = W + mhyipw?, COS @iint), (11)
be (,¢,1), wherer is the geocentric radial distanagjs the ] . ] )
azimuthal angle, and is the geocentric latitude. Let be whereW is the weight qf the gyroscope. If the V|brator_|s
a unit vector directed upward alomglet e, be a unit vector turned df, hip = 0. In this case, the upper end of the spring
directed towards the east, andégtbe a unit vector directed 'S aftached to a fixed solid point, and the system becomes a
towards the north. The triae( e, ;) forms the basis for a simple undriven harmonic oscillator.

right-handed system of orthogonal spherical coordinates.  L&td¢o be the stretch of the spring when the gyroscope is
attached. Thek=W/6¢o = mye/6¢o, wherege is the Earth’s

Effects of a vertical vibration of a suspended gyroscope radial gravitational field at the surface. L& =hg. Then

part of (9) becomes

Let the field-point be at the center of the rotor of an aircraft mye
navigation gyroscope. Letbe the geocentric latitude for the k= Tho (12)
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Fup

surface

Fig. 2: Schematic for a forced harmonic oscillator; a rofanassm
suspended by a spring of spring constamtith an upward support-

Fig. 3: Depiction of the gyroscopic forces acting on a rotomass
m, radiusR, and angular momentum vectdy;, which is supported
by an upward forcé;, at a distancé along the axel from the ro-
tor’s center to the support. Assurdg; is in the horizontal plane. If
Fup =My, the precessional torque on the rotgs, = bmge. In this

ing forceF,. HereT is the spring tension pulling up on the rotorcase, the rotor precesses around the support with an arspded

the weightW is the downward force of gravity on the rotor, ahd
is the height of the center of the rotor above the surface.umss
that the mass of the spring is negligible, and that the mashkeof
gyroscope approximately equals the mass of the rotor.

If the system is enclosed in a glass box, the damping of smtf'ffl

fS

amplitude free oscillations would be weak. The equation
an undamped harmonic oscillator is [7]

d?h

i wZh=0, (13)
where K
2_ K _9ge
wi = m =y (14)

If hg = 10 m, thenwy = 313 rads or 50 Hz. Ifw, = wy and
the constant of (10) is zero, the connection betweeandhy
becomes

hy = 2hg. (15)

This shows that the constamtis comparable with the ampli-
tudeh;.

Now consider the forced harmonic oscillator. Suppo
the vibrator is turned on and adjusted to an amplitygeand
angular speed,p. In this case,

Fup = Mge + Mh,ipw?, COS (,ibt). (16)

Wpen = bng/mszrot-

axis, and nutation is an up-down nodding motion of the rotor.
The general problem for motions of a spinning rigid body can
quite complicated, but the problem is simplified for derta
pecial cases. The case for “THE HEAVY SYMMETRICAL
TOP WITH ONE POINT FIXED" is described in great detail
by H. Goldstein [8, p. 213].

Suppose the axel for a rotor is supported at a disténce
from the center with an upward supporting fofgg and with
the angular momentum vectdy,; released in the horizontal
plane, as depicted in Fig. 3.

For a first case, suppose the supporting force is constant
and equal to the weigh&,,=mye. Consider the case for
slow precession without nutation.

Let wpen be the precessional angular speed, and Jgt v
be the linear speed. Then the torguyg, = bmye = Jrotwpen.
Solving for the angular speed givege, = bge /RPwyot.

If the distanceb=0.1m, R=2x102m, and ws=

3.14x 10° rad’s, numerical values fabpen and Vpen are
se

% =0.782 rads,

2‘Urot

Vpen = bwpen = 7.82x 1072 s,

Wpen =

(17)

If wiib = wk, the system is at or near resonance [7]. At reshus we find that the precessional speed for this case would

onance, if the damping is small, the speatiidt is in phase

be slow and constant at about 8 /smNotice that this gyro-

with the driving forceF,,, the average kinetic energy in th&copic force supports the entire weight of the rotor.

system is at a maximum, and the amplitude at the rtotaan
be many times greater than the driver amplithgg

Suppose the system is started with; at a small initial
angleddy above the horizontal plane. Lbfn be the ampli-

The dfects of vibration alone apply to any dead weighfude for nutation, which is the initial height above the Rori
because vibration alone does not depend on the rotatiory@ftal plane. Then

the gyroscope’s rotor. Gyroscopic forces do depend on the

rotation of the rotor. Therefore, for a complete analysis, g

roscopic forces must be included.

Effects of gyroscopic forces

hntn = btan(s@o. (18)

When released, the rotor will precess with the angular speed
wpen Of (17) and oscillate up and down with an upper maxi-

Gyroscopic forces cause precession and nutation [7, 8}. Areim anglesd, and a lower minimum angléd;. Let wn, be
cession is a steady revolution of the rotor around a vertithé angular speed for nutation. The formula égf, can be

70
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foundin [8, p. 221]. HereG is the gravity constantg is the Earth’s spherical ra-
dius,Qe is the Earth’s sidereal angular spegds the Earth’s

?£ = wot = 31x 10 rads (19) mean mass density, is the speed of propagation of the

Réwpen Earth’s gravitational fieldr is the geocentric radial distance
to the field point,A is the geocentric latitude for the field

;I;]r;ufsr evéi;:‘gy;g?i;ger;g?%%%cyl_éor nutation is the same &%nt, Q, is the angular speed of the projection of the field

The formula for the dference siéén — sinsg: can be point onto the equatorial plane, af$(r) is a power series
found in [7, p. 312] 0 1 representation for a triple integral over the Earth’s vodum
P ' The numerical value fo€, with ¢, =cis

Wntn =

Sindfy — sindf, =

—_V
RiwZ,’ Cy = Gpre—' =3635x 10° m/s’ (25)

If b=0.1m, R=2x102m, andw,,: =3.14 x 10°rad’s, the The formula for the power series is

numerical value for the dierence becomes
e 3 e 2 e 4 e 6
PS(r) = (T) co+cz(7) +c4(7) +c6(7) . (26)

sindfy — singfy = 1.24x 1072, (20)
the amplitude where the values for the cfiients are
hrn = 62 10°* - m, (21) Co=050889 C,=0.13931
and the linear speed for nutation becomes C.=001013 Co=0.14671 (27)
Vntn = Pntn@nin SN (nint) = (1.9 Mys) sinwmn®).  (22) | gt CPS, be the value foPS(re). The definition and numer-
Now let’s change the length of the axel. Suppose the rotoiﬁgl value are
axel is extended on the other side of the support by the same CPSg = Co + Cy + Cy + Cg = 0.805 (28)

distanceb, and a dead weight that balances the cross beam
is attached. IfJq is directed outward from the supporting et J, be the geocentric angular momentum for the rotor,
point, the dead weight would produce a torque equal in magkfined as
nitude but opposite to the direction fog,, which would can- J; = mriQ(,) (29)
cel the precessional motion. But such a balance would not ,
cause any change in the nutational motion. By conservation of angular momentum,

With the cross beam balanced in this manner, suppose Y, )
the vibrator that supports the cross beam is turned on and constant = — = ryQ, = reQe cos (30)
adjusted to have an amplitude laf,, and an angular speed
wnn. This would induce an artificial nutation, but only if theSolving (30) forQ, gives
gyroscope’s rotor is spinning with an angular spegg. If
the radial grayitational field contains a small time-deperid Q4 = Qp (1 - 2@ - zm cos @ht)) (31)
component with an angular speed neg,, there would be e le
interesting interferencefects and beat frequencies that COULFhen the diference
become visible in the balance of the cross beam.

Q

The Earth’s time-retarded transverse gravitational field 1- Q—Z = ?—z + 2r_El COS (wnt). (32)
To satisfy the causality principle, the neoclassical chihea _ ,
ory postulates a new time-retarded transverse componenﬁHbSt'tUt'ng (32) into (23) produces

the Earth’s gravitational field [1]. Let, be the Earth’s time- ho hy
retarded transverse component. The formula for the magni- gs =Cy (2r— + 2r_ cos @ht)) PS(r) cog 1. (33)
tude is [1] E E
) The numerical value fogy, with ¢,=c, r=rg, ho=hy =
go =Cy (1 - Q_Z) PS(r) cod A, (23) 10“m, andl = 60°, is
where the definition for the céigcient is 9s = (2'3 X107 m/sz)(l +cos @ht))‘ (34)

This result shows that the time-retarded transverse gravit

_ ol
Co = GprEc_' (24) tional field for a suspended gyroscope is totally negligible

g
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Z-axis The right side of (36) becomes
B
fva Aeda= g¢ffr’dr’d/l’ - g¢g 2. (38)
Next comes the solution
1 , ho hp
da A= Zrgs=Agcog A PS'(r)|2— +2— coswnt)| (39)
~_elemental o 2 e e
/ where the definition foAg and its numerical value witt, = ¢
r' £l and the definition for the power series iy are
T point C r
A=E_116 n?/
de . C
equatorial plane r
\ PS/(1) = — PS(r) =
elemental E
path length _C (rE)2+C (rE)4+C (rE)6+C (rE)s (40)
T 2T T o7
The formula that connectg, to the time-dependence &,
is[9, p.219].
__laa
91 = v dt -
h .
= 2@ cosz/l(l—wh PS’(rg) sin (wht)— (41)
Vi e
) - - dPS’ (hg hy
Fig. 4: Depiction of the semicircular area to be used for 8tk T Tat E + E cos nt) ]|,

theorem. The contour for the line integralAs-» B— C — A. Here

d¢ is an elemental path length vectog ié an elemental area vectoryyhere y is the “induction speed” for the neoclassical causal

ande, is a unit vector forl. The field-point is at and the elemental theory.

areaduis atr’. The numerical value for the average induction speed has
been found to be [1]

The Earth’s time-retarded transverse vector potential _
_ o % =5x10° m/s (42)
Let A be the vector potential far,. Then by definition

The codficientAq is inversely proportional to,. Itis interest-
ing to notice thatAo/vk with ¢, =c is inversely proportional

Units for A arerm?/s2, the same as the units for the scalar p&? Sk, and that
tential. Because the divergencegfis zero, the divergence VoK = 11x 10° m/s = 1.7c, (43)
of A must also be zero, which means thfatcannot have a
component directed along. ConsequentlyA must be di- wherec; is Kozyrev’s secondary universal speed, the one that
rected along,. is to be associated with rotational motion [4].
The needed elemental vectaté and da for integration Let CPS{ be the value foPS’ atr =rg.
using Stoke’s theorem are depicted in Fig. 4. Stoke’s thraore
states that the line integral ok e d¢ around a closed con- CPSy=PS'(rg) =Co+C2+C4 +C6 = 0805 (44)
tour equals the surface integral®i A e da over the surface 1,4 yalue fordPS’ /dt evaluated at = rg is
bounded by the contour. It is symbolically written as

gy = VXA (35)

dPS' hla)h .
——| =(2Cp+4C;, +6C4+8Cg)—— sin (wht) =
SEA.d{’:ffoA-da (36) qt |y, (@0t AC2+6Cs+8Ce)= T sin (wnl) 5)
h]_a)h .
Consider the closed contour depicted in Fig.A—>B— = 2~81—rE sin (wnt).
C — A. The left side of (36) becomes . .
The formula forg, to first order inhy/rg reduces to
95 Aedf =0, § Aedl = Arr. (37) hwn .
Al BLE A g, = C,cod /lv—k sin (wnt), (46)
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where the definition and numerical value with=c for C,
are

C, = 0.805x 2@ =

- 0.805C, = 2.926x 10°° m/s, (47)
E

andC, is given by (24).
If hy=10"* M, wh=wro, Vk=5 kmys, and1 =60, the

sensitivity and reliability of laboratory instruments.dh in-
strument that can detect the Earth’s time-retarded trassve
vector potential is developed with a precision of about 1 par
in 1000, the theory can be worked backwards to provide a
measured value for the speed of the Earth’s gravitatiordl fie

To accomplish this end, a dedicateffioet to develop an in-
strument, and comprehensive systematic studies using such

numerical value fog, reduces to
g = (4.6 x 10 m/<%) sin (wnt)

This result shows that the vector potential can produceea r
tively large value for the norfeouth transverse gravitationa
field. The ratio forg,/g,, with g4 from (34), is on the order

an instrument, are highly recommended.
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In general, it is assumed in some non viscous flows that the flow velocity is constant
at a cross-section. In this paper, we impose more realistic boundary conditions by, for
example, introducing viscosity, and suction at walls, the net mass flow will change since
the continuity equation must hold. The convective acceleration terms will be products
of variables such that a non-linear behaviour will take place in the flow. The work will
consist of deriving all the equations and parameters needed to described this kind of
flow. An approximate analytic solution for the case of small Reynold number Re is
discussed using perturbation techniques. Expression for the velocity components and
pressure are obtained. The governing non-linear differential equation that cannot be
solved analytically is solved numerically using Runge-Kutta Program and the graphs of

axial and lateral velocity profiles are drawn.

1 Introduction

The problems of fluid flow through porous duct have arouse
the interest of Engineers and Mathematicians, the problems
have been studied for their possible applications in cases of
membrane filtration, transpiration cooling, gaseous diffusions
and drinking water treatment as well as biomedical engineer-
ing. Such flows are very sensitive to the Reynold number.

Berman was the first researcher who studied the problem
of steady flow of an incompressible viscous fluid through
a porous channel with rectangular cross section, when the
Reynold number is low and the perturbation solution assum-
ing normal wall velocity to be equal was obtained [1].

Sellars [2], extended the problem studied by Berman by
using very high Reynold numbers.

Also wall suctions were recognize to stabilize the bound-
ary layer and critical Reynold number for natural transition
46130 was obtained [3]. The stabilization effects of wall suc-
tion is due to the change of mean velocity profiles.

In the review of Joslin [4], it is also noticed that the uni-
form wall suction is not only a tool for laminar flow control
but can also be used to damped out already existing turbu-
lence.

The effects of Hall current on the steady Hartman flow
subjected to a uniform suction and injection at the boundary
plates has been studied [5].

Other reviews of flow in porous duct tend to focus only on
one specific aspect of the subject at a time such as membrane
filteration [8], the description of boundary conditions [6] and
the existence of exact solutions [7].

In this paper, we consider the steady two-dimensional
laminar flow of an incompressible viscous fluid between two
parallel porous plates with equal suction and assume that the
wall velocity is non uniform.

2 Formulation of the problem

The steady laminar flow of an incompressible viscous fluid
between two parallel porous plates with an equal suction at
walls and non uniform cross flow velocity is considered. The
well known governing equations of the flow are:

Continuity equation

ou Ov
—+—=0. 1
ox oy M)
Momentum equations (without body force)
ou  Ou 10p Pu  0%u
L= = 2F — =, 2
“ox U@y p Ox " V(c’)x2 " Oy? @
v Ov 10p v
—+v—=—-—— —+—]. 3
“ox U(')y p Oy " V(@xz - oy? 3

Let us consider channel flow between uniformly parallel
plates with equal suction. Assuming that we are far down-
stream of the entrance, the boundary conditions can be de-
fined as

“)
®)

Let u(0) denote the average axial velocity at an initial sec-
tion (x = 0). Then it is clear from a gross mass balance that
u(x) will differ from #(0) by the amount %x. This observation
led Berman(1953) to formulate the following relation for the
stream in the channel [9].

y=hu=0,v=u,,

y=-hu=0,0=-v,.

Y(x, y) = (hu(0) — vyx) f(y"). (6)

Where y* = % Y¥(x,y) is a stream function,u(0) is initial av-
erage axial velocity and f is dimensionless function to be de-
termined. The velocity components follow immediately from
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the definition of ¥:

0 — w /o — 1o
u(, ") = a—"; = (@0 - 22) o) =5 @) ()

0
Wy = =50 = 0uf ") = ol ®)

The stream function must now be made to satisfy the mo-
mentum equations (2) and (3) for steady flow (2) and (3) will
now become

ou N v du 10p y 0%u N 1 6%u ©)
U+~ = ——— —+—=—,
ox  hoy* p Ox 0x2 W2 oy
dv v ov 1 dp v 1 v
U Y P B S 10
“ox T h oy* ph dy* ((9)62 h? Oy*2 (10)

Using (7) and (8) in (9) and (10), the momentum equa-
tions reduces to,

1 ap — Uy X Uy 7 72 v NI)
———=|u0) - —|{— - - — , 11
g =m0 =) (G =) = ar). an
1 dp 02 7
-— =2ff - —=f" 12
= (12)
Now differentiating (12) w.r.t X, we get
2 2
o°p _ 0°p _ (13)
0x0y*  0xdy

Differentiating (11) w.r.t y*, we get

sy =0 5) 3 (5 077 - 7) =) a0

From (13), (14) can be written as

d (v, NV
v 44 _ ! o s — O’ 15
i =)= s (15)
Uy 117 !’ o1 v 1111
— - - — =0.
LSS = 5
Let the suction Reynold number be Re = h% and substi-
tute into above expression, we get
f//// + Re (f/f// _ ffl//) - O. (16)

(16) has no known analytic-closed form solution, but it can
be integrated once i.e integrate (16) w.r.t y*, we get

[ +Re (f’2 - ff") = K = const.

The boundary conditions on f(y*) Of (4) and (5) can now be
written as,

J =1L f(=D=-1f1)=0f(-1)=0.

Hence, the solution of the equations of motion and conti-
nuity is given by non-linear fourth order differential equation
(16) subject to the boundary condition (18).

a7)

(18)

3 Results
3.1 Approximate analytic solution (perturbation)

The non-linear ordinary differential equation (16) subject to
condition (18) must in general be integrated numerically.
However for special case when “Re” is small, approximate
analytic results can be obtained by the use of a regular per-
turbation approach. Note that perturbation method has been
used because the equations (16 and 18) are non-linear by us-
ing that technique, we get a linear approximated version of
the true equations. The solution of f(y*) may be expanded in
power of Re [10]

Fh =) REfily)

n=0

19)

where f,(y*) satisfies the symmetric boundary conditions
fo0) = fo() = f'(0) =0, fo(1) =1 (20)
and
10 = f(1) = £/(0) =0, fi(1)=1. (2D
Here f, are independent of Re. Substituting (19) in (16), we
get
( o+ Ref]"" + Rezfz”“) + Re[ (f(; + Ref| + Re2f2’)
(fy + Refy’ + R f3') = (fo + Refi + Re*f3)
(f +Ref}” + R 2)] - 0.

Equating coefficients of Re, we get

fo//// - 0, (22)
f]//// +f;;f;;/ _fof(;” =0, 23)
2//// + f(;flf/ + fl/f(:/ _ fa 1/// _ flf:/ — () (24)

The solution of (22) is of the form
A *3 *2
v, By

6
where A,B,C and D are constants.

Applying the boundary condition (20) to the above equa-
tion, we get

Joly") = +Cy" +D,

S =5 (3~ 7). (5)

The solutions of Eq (23) and (24) subject to the boundary
condition (21), are:

fl(y)=—@(!/7—3y3—2y)’ (26)

. 1
2 = 1353600 ¢
(144" - 385y + 198”7 + 876y - 703y").  (27)
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Hence, the first order perturbation solution for f(y*) is

'Y = foly") + Refi(y"),

1 Re 7
1/ %\ _ * %3 *
P =500 -07) - 5gg v -37° -27). @9
The second order perturbation of solution for f(y*) is
PW) = fo) + Refily") + R oy,
1 Re
2(1%) — * %3 %7 %3 *
f (y)—§(3y -y )—ﬁ(y -3y” - 2y")
Ré?
—— (14 11 %9 1 *7 (29)
+1293600( y*!! - 385y + 198y

+876y"> — 703y").

Hence, the first order expression for the velocity compo-
nents are:

uty) = [7(0) - 22| 1) =

;(1— *2)(1_@(2 Ty - 7y*4)), (30)

Uy X

[u(O) i

v(x,y) = v fly") =

1 % %3 Re *7 %3 *
vw[§(3y ~y7) = g W7 =397 - 27)|. G
For pressure distribution, from Eq. (11) we get
h op _
pv Ox

and since f(y") + Re(f2(y") - fy) f"(y") = K. from
(17), we have:

Uy X

= [@0-22 ][+ Re (127 - 10076,

ap va vux| _ Ku Uy X
D a0 - 2] = S o - 2 62
Now, from Eq. (12), we have
a w prr * * ’ *
L= B - o fOF ). (33)
y h
Since dp = %dx + 3%dy’, then
ap = 2270 - " ax
u (34)
+ [TWf”(y*) ~ @) dy
Integrating (34), we get
. Vx>
px,y7) = p(0,0) - f vy )+ £ la0)x - 7 ]
+ Tw [f'@) = O] 65)

The pressure drop in the major flow direction is given by

Uy x>

2h

p(x,0) - p(xy)——“[ —u(0>x}. (36)

4Re=0

09 L 7an,cvm — ~

1:Re=30 g
0.8 |- g 4
0.7 g - -
0.6 |- . i 4

fyn0-3 o g
04 o 4
03 A -
02 | ,/"'1 : i

01t 7 N

Fig. 1: Lateral velocity profiles for flow between parallel plates with
equal suctions for different values of Re.

. 4Re0
— 3Re=10
T 2:Re=20

1:iRe=30

y*=y/h

Fig. 2: Axial velocity profiles for flow between parallel plates with
equal suctions for different values of Re.

3.2 Numerical solution

The approximate results of the previous section are not reli-
able when the Reynold number is not small. To obtain the
detail information on the nature of the flow for different val-
ues of Reynold number (i.e. Re = 0, 10, 20, 30), a numerical
solution to the governing equations is necessary. The Runge-
Kutta program App.C is used to solve Eq. (17) numerically.
One initial condition and constant (K) are unknown; i.e. start-
ing aty* = 1, then f”(1) and K were guessed and the solution
double-iterated until f(—1) = —1 and f’(—1) = 0. The most
complete sets of profiles are shown in the figs. 1 and 2.

4 Discussion

The velocity profiles have been drawn for different values of
Reynold number (i.e. Re = 0, 10, 20, 30). The shapes change
smoothly with Reynold number and show no odd or unstable
behaviour. Suction tends to draw the profiles toward the wall.
From fig. (1), it is observed that for Re > 0 in the region
0 < y* < 1, f(y*) decreases with the increase of Reynold
number Re. Also from fig. (2), it is observed that, for Re > 0,
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then f’(y*) decreases with an increase of the Reynold number
in the range of 0 < y* < 1.

5 Conclusion

In this paper, a class of solutions of laminar flow through
porous duct has been presented. Numerical approach is nec-
essary for arbitrary values of Re. Also, when a cross flow
velocity along the boundary is not uniform, a numerical tech-
nique is necessary to solve Eq. (2) and (3). Also, from the
results obtained in this article, we can now conclude that, the
non-linear effects of a flow of the porous duct is due to non
uniform cross flow velocity and non vanishing terms of con-
vective acceleration of momentum equations. The perturba-
tion solution obtained for this problem reduces to the results
of Berman [1].
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Nomenclature

A,B,C,D: Constants

K: Arbitrary Constant

f: Dimensionless function representing lateral velocity profile
h: Height of the channel

P: Pressure

x: Axial distance

y: Lateral distance

v, Lateral wall velocity

u(x,y): Axial velocity component

v(x,y): Lateral velocity component

5

Yy = %: Dimensionless lateral distance
Re = "”;h: Wall Reynold number

Greek Symbols

u: Shear viscosity

v: Kinematic viscosity
p: Fluid density

Y¥(x, y): Stream function.
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Understanding the Dirac Equation and the Electron-Vacuum System
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It has been close to a century since the Dirac equation first appeared, but it has yet to be
understood on an intuitive, fundamental level. The reason for this lack of understanding
is twofold: the equation is expressed in terms of the secondary constant 7; and the
vacuum state and its coupling to the electron particle have not been developed as part of
the electron model. What follows briefly reviews the vacuum coupling and illustrates
it by deriving the Schrddinger and Pauli equations as derivatives of the Dirac equation,
and by explaining the zitterbewegung response that is a vacuum dynamic associated
with the coupling force. It is argued that the fields of quantum electrodynamics have as

their origin the degenerate vacuum state.

1 Introduction

The Dirac electron defined here is a massive “point” charge
(—e., m) that obeys the Dirac equation and is coupled to the
negative-energy Planck vacuum (PV) continuum via the two-
term coupling force [1]

2 2

2 me

- - (H
r r

the massive charge exerts on the PV. The electron Compton
radius 7. (= e2/mc?) is that radius from the center of the mas-
sive charge (in its rest frame) to the radius ., where the cou-
pling force vanishes. The bare charge (—e..) itself is massless,
while the electron mass m results from the bare charge being
driven by the zero-point electromagnetic field [2] [3]; corre-
sponding to which is a vanishingly small sphere containing
the driven charge whose center defines the center of both the
driven charge and its derived mass. It is from the center of
this small sphere that the position operator r for the massive
charge and the electron-vacuum complex is defined and from
which the radius r in (1) emerges.

The PV model of the complete electron consists of two in-
terdependent dynamics, the dynamics of the massive charge
in the previous paragraph and the dynamics of the PV con-
tinuum to which the massive charge is coupled. An example
of the latter dynamic is the (properly interpreted) zitterbewe-
gung [4] [1] that represents a harmonic-oscillator-type exci-
tation taking place at the r = r. sphere surrounding the mas-
sive point charge, an oscillation resulting from the vacuum
response to the vanishing of (1) at r.. The point-like nature
of the massive charge, in conjunction with the continuum na-
ture of the PV, are what give the electron its so-called wave-
particle-duality. Mathematically, the electron’s wave nature
is apparent from the fact that the spinor solutions to the Dirac
equation are spinor fields, and it is upon these fields that the
covariant gradient operator

©))

operates. Thus the spinors are associated with PV distortion
— with no distortion the gradients vanish, resulting in null
spinors and the dissolution of (3).

The free-particle Dirac equation can be expressed in the
form (from (A10) in Appendix A)

. i(ﬁ n ir:Vy _ o)
e cor @ -irVe)  \—x

in terms of the single constant r., a constant that normalizes
the operator in (2). The free-space particle solution ¢, and the
negative-energy vacuum solution y, for this electron-vacuum
system are 2x1 spinors and & is the Pauli 2x2 vector ma-
trix. The spinor solutions from the two simultaneous equa-
tions in (3) are strongly coupled by the inverted y-¢ spinor
configuration of the second term, showing the vacuum state
to be an integral part of the electron phenomenon. (It will be
seen that this coupling is even present in the nonrelativistic
Schrodinger equation.) The negative spinor (—y) on the right
is a manifestation of the negative-energy nature of the vac-
uum. Equation (3) expresses the Dirac equation in terms of
the normalized PV gradients on the left of the equal sign.

What follows illustrates the previous ideas by reiterat-
ing the standard development of the free-particle Schrodinger
equation and the minimal coupling substitution leading to the
Pauli equation.

3)

2 Schrodinger equation

The Dirac-to-Schrodinger reduction [5, p. 79] begins with
eliminating the high-frequency components from (3) by as-

suming
(z) — (ﬁo) e—imczt/h — (ﬁo) e—icr/r(.
0 0

where ¢ and y( are slowly varying functions of time com-
pared to the exponentials. Inserting (4) into (3) gives

iri oo N ~ireVxo\ _( O
“cot 0 Tr’-irCngo a —2x0

“4)

®)
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where the 0 on the right is a 2x1 null spinor. This zero spinor
indicates that the mass energy of the free particle is being ig-
nored, while the effective negative-mass energy of the “vac-
uum particle” has been doubled. In effect, mass energy for
the particle-vacuum system has been conserved by shifting
the mass energy of the free particle to the vacuum particle.

The lower of the two simultaneous equations in (5) can be
reduced from three to two terms by the assumption

. Oxo
ir,——

cot

< |20l (6)
if the kinetic energy (from the first equation in (A2)) of the
vacuum particle is significantly less than its effective mass
energy. Inserting (6) into (5) yields

.0 [¢o -ir:Vxo 0
ire— + } =
cot\ 0 7 - ir.Veo -2x0
as the nonrelativistic version of (3). The mass energy of the
free particle, and the kinetic energy of the vacuum particle
(associated with the lower-left null spinor), are discarded in

the Schrodinger approximation.
Separating the two equations in (7) produces

)

0
ircﬂ +0-ircVyo =0

cot ®)

and

@ - ir-Veoo = —2x0 9

and inserting (9) into (8) leads to

. a¢0 (? : ircv)z
- 5 =0. 10
ol cot 2 %o (10)
Finally, inserting the Pauli-matrix identity (A12)
@ - ir,V)? = 1(ir.V)? (11)
into (10) yields the free-particle Schrédinger equation

dpo _ (ir,V)? _O0py  (ihV)?
,— = _— = 12
e car 7 %o o i ot om P (12)

where the two spin components in ¢, are ignored in this ap-
proximation. The scalar harmonic function

$o — exp[—i(Et — p - 1)/h)] (13)

satisfies both equations as it should, and leads to the nonrel-
ativistic energy-momentum relation E = p?/2m, where p =
myv. The equation on the left in (12) expresses the Schrodinger
equation in terms of PV gradients.

The vacuum property implied by (11), and the fact that ¢,
is a spinor field, show that the vacuum state is a significant
(but hidden) part of the nonrelativistic Schrodinger equation.
The Dirac-to-Pauli reduction leads to the same conclusion.

3 Minimal coupling

By itself the coupling force (1) is insufficient to split the two-
fold degeneracy of the spinors in the free-particle Dirac (3)
and Schrodinger (12) equations. It takes an external field to
effect the split and create the well-known 1/2-spin electron
states. The following illustrates this conclusion for the case
of the minimal coupling substitution.

The minimal coupling substitution [5, p.78] is

P — p-eA/c

where e is the magnitude of the observed electron charge,
p* = (E/c,p) is the 4-momentum, and A* = (Ag,A) is the
electromagnetic 4-potential. Inserting (14) with (Al) and
(A2) into the Dirac equation (A3) leads to

(14)

(ihﬁ - er)w -ca- (15— é)'J/ =mcBy  (15)
ot c

which can be expressed as

0 <(ir:V +
i 2 (O) (O eV ) (9} (¢ (16)
cot @ - (ir,V + a)¢ X
in the 2x1 spinor formulation, where ay = eAg/mc? and a =
eA/mc?. Then proceeding as in Section 2 produces

irci(‘l")) N GG a)X") = ao(j") + ( 0 ) (17)
cot\ 0 @ - (ir.V + a)gy 0 —-2x0

The Compton radius in (16) and (17) has been accounted
for as a gradient normalizer. The remaining constants (e and
m) appear only in association with the 4-potential A¥ — if
the external potential vanishes, the electron charge and mass
are removed (ap = 0 and a = 0) from the equations, and
(16) and (17) reduce to (3) and (7) respectively. Furthermore,
the energy eA( appears to increase the energy level of the
negative-energy PV continuum. This latter conclusion can
be appreciated by combining the two terms on the right side

of (17):
( (eAo/me*) g )
(eAo/mc* = 2) xo

where a( has been replaced by its definition. With a constant
potential energy eAy = 2mc?, the lower parenthesis vanishes
and the free-space electron energy and the vacuum-energy
spectrum just begin to overlap [1]. This latter result is the
phenomenon that leads to the relativistic Klein paradox [5,
p. 127].

If it is further assumed that

(18)

laoxol << |- 2xol (19)

then (17) becomes

0 (¢o ~@reV+ayo)  (do 0
r“c_at( 0 ) " @ iV + a)¢o) - ao( 0 ) " (—2)(0) e
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which is the nonrelativistic version of (16). Then eliminating
Xo from the two simultaneous equations in (20) leads to the
equation

00 _
ot

7 (ir,V+a)7 - (ir.V +a)
2

do +aopo  (21)

for the spinor ¢9. Equation (21) then leads to the Pauli equa-
tion [5, p.81].

Using (A11) to calculate the square of the numerator in
the first term on the right of the equal sign in (21) yields

oo _ (ir.V +a)’ ’

ic - (ir,V x a)
ire = +
cot 2

2

0 do +aopo  (22)
remembering that ¢y post-multiplies the square before calcu-
lation. The first term in (22) contains the electron’s orbital
angular momentum; and the second its spin, as manifested in
the scaler product of @ and the curl of the vector potential A.
Using (A1), the corresponding spin operator can be expressed
as

e el?  (—e)(-e)T
S=-—=-—-—-—- = ————

2 2c 2c

where one of the charges (—e.) in (23) belongs to the massive
point charge (—e.., m) and the other to the separate Planck par-
ticles (—e,,m,) within the PV. The product e? suggests that
the spin may be related to the interaction of the massive point
charge with the PV charges when the vacuum is under the
influence of a magnetic field B (= V x A).

(23)

4 Conclusions and comments

The physics of the PV state [1,6] has provided a simple intu-
itive explanation for the Dirac, Schrodinger, and Pauli equa-
tions in terms of the massive point charge (—e.,m) and its
interaction (1) with the PV. It is the ignorance of this cou-
pling force that has obscured the meaning of the Dirac equa-
tion since its inception and, as seen in the next paragraph, the
meaning of the zitterbewegung frequency.

The electron Compton relation r.m = e? in (A1) holds
for both combinations (Fe., =m); so the vacuum hole (e,., —m)
exerts a coupling force on the vacuum state that is the negative
of (1). The combination of the two forces explain why the
zitterbewegung frequency (2¢/r, [1] [4]) is twice the angular
frequency (mc*/h = c¢/r.) associated with the electron mass
(from Appendix B).

The purpose of this paper is to illustrate the massive-
charge-PV nature of the electron phenomenon; and to reestab-
lish the vacuum state as an essential and necessary part of a
complete electron theory, that part that has been superseded
by the idea of the quantum field. While the quantum field for-
malism, like the Green function formalism, is an important
tool [5, p. 143] [7], the present author believes that the corre-
sponding quantum field does not constitute an essential phys-
ical phenomenon apart from the dynamics of vacuum state
(from Appendix C).

80 William C. Daywitt.

Appendix A: Dirac equation

The PV is characterized in part by the two Compton rela-
tions [1]

reme® = rumyc® = €2 (= ch) (A1)

connecting the massive point charge (—e., m) of the electron
to the individual Planck particles (—e., m,) within the degen-
erate PV, where r, and m, and r, and m, are the Compton
radius and mass of the electron and Planck particles respec-
tively. The bare charge (—e..) is massless and is related to the
observed electronic charge (—e) via the fine structure constant
a = ¢*/e%. From (A1), the energy and momentum operators
can be expressed as

E= ih% = mc* (ircc%t) and P = —ilV = mc(=ir.V) (A2)
the parenthetical factors implying that the operators, operat-
ing on the Dirac spinors, provide a measure of the gradients
within the PV continuum. In the present free-electron case,
these gradients are caused solely by the coupling force (1)
and its negative (Appendix B).

The upper and lower limits to the PV negative-energy
spectrum are —mc? and —m,.c? respectively, where m, is the
Planck mass. The continuum nature of the vacuum is an ap-
proximation that applies down to length intervals as small as
ten Planck lengths (10 r,) or so; that is, as small as ~ 10732cm

Using (A1) and (A2), the Dirac equation [5, p.74]

0
ief—ll/ +a-ie’Vy = m*By

A3
cot (A3)
can be expressed as
0
irc—w +a-ir,Vy =By (A4)
cot
where the 4x4 vector-matrix operator
0 @
(3 ) 43)
where @ = (01,0, 03) and
0 1 0 —i 1 0
a1 ‘(1 0) (’2‘(1' o) ‘73‘(0 —1) (46)

are the three 2x2 Pauli matrices. The 4x4 matrix operator

:( —01)

where I represents the 2X2 unit matrix and the zeros here and
in (AS5) are 2x2 null matrices. The covariant gradient operator

y

is seen in (A2) and (A4) to have its differential coordinates
normalized (0x*/r.) by the electron Compton radius.

1

F={o

(AT)

0
OxH

o o0 o9 a9\ (0

=\~ 7 7>~ A8
(8)60 Ix!” dx? 6x3) (c@t (A8)
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The 4x1
as [5, p. 79]

spinor wavefunction ¥ can be expressed

()

where ¢ and y are the usual 2x1 spinors, and where the two
components in each represent two possible spin states. The
spinor ¢ is the free-space particle solution and y is the neg-
ative-energy hole solution. Inserting (A9) into (A4), and car-
rying out the indicated matrix operations, yields the Dirac

equation
. i ¢ + 'ircVX _ ¢
Yo @ -irVe)  \—x

in terms of the 2x1 spinors.

The following is an important property of the Pauli matri-
ces, and the PV state (because of @): the vector Pauli matrix
@ obeys the identity [5, p.12]

(A9)

(A10)

(@-a)@-b)y=Ia-b+ic-axb (Al1)
where a and b both commute with &, but are otherwise ar-
bitrary three-vectors. Using (A11) (witha = b = r.V) leads
to

@ - V) =1 (V)

which connects the normalized V operator in the relativis-
tic Dirac equation to the same operator in the nonrelativistic
Schrodinger equation.

Inserting the operators from (A2) into (A10) and rear-
ranging the result leads to the two simultaneous equations

(A12)

(E-mc*)¢ =ce Py (A13)
and _

(E+mc®)y =ce - po. (A14)
Then, pre-multiplying (A13) by (E + mc?) and using (A14)
and (Al1) leads to

(> -m’c")¢ = 7P ¢ (A15)
and, after reversing the process, to an identical equation for y.
Thus both ¢ and y separately obey the Klein-Gordon equation
[5, p.31].

Appendix B: Zitterbewegung frequency

The following rough heuristic argument identifies the two
coupling forces that explain why the zitterbewegung frequen-
cy [1,4] is twice the angular frequency (mc*/h = c/r.) asso-
ciated with the electron mass energy.

The force the massive point charge (—e., m) exerts on the
PV is given by equation (1) which, using r = r. + Ar and
Fe = ef /mc?, leads to

é? mc?

(re + AP ro+Ar

_(@/r)ar
T (L +Ar/r)?

82
~ _(—;)Ar (B1)
T,

c

for small Ar/r.. This yields the harmonic oscillator motion
from Newton’s second law

d*Ar ef c\

3 = —( 3 Ar=—-[—] Ar
dt mr Te
with the “spring constant” (e2/r?) and oscillator frequency
c/r.. The corresponding motion that is due to the vacuum

hole (e., —m) (whose charge and mass fields exert a force that
is the negative of (1)) is

d*Ar c\
- a7 —+(r—c) Ar

(B2)

(B3)

showing that the massive free charge and the vacuum hole
cause identical accelerations within the PV continuum.
The total vacuum acceleration is the sum of (B2) and (B3)

d*Ar é? e\
==2(—=|Ar==-2|1—| A B4
e v EeR S
with the corresponding harmonic oscillator frequency
2¢;
“ =< (BS)
mr; Te

which is V2 times the angular frequency associated with the
electron mass energy. Given the roughness of the calcula-
tions, this result implies that the combined massive-charge
forces, acting simultaneously on the PV continuum, are the
source of the zitterbewegung with its 2¢/r, frequency.

Appendix C: Quantum field

The PV is envisioned as a degenerate negative-energy sea of
fermionic Planck particles. Because of this degeneracy, the
vacuum experiences only small displacements from equilib-
rium when stressed. Thus the displacements due to the cou-
pling force (1) are small, and so the potential energy corre-
sponding to the stress can be approximated as a quadratic in
those displacements. This important result enables the vac-
uum to support normal mode coordinates and their assumed
quantum fields, as explained in the simple demonstration to
follow.

The normal mode connection [8, pp. 109-119] to the
quantum field can be easily understood by examining a string,
stretched between two fixed points in a stationary reference
frame, that exhibits small transverse displacements from
equilibrium. In this case, the corresponding potential energy
can be expressed in terms of quadratic displacements. If the
displacements are represented by the function ¢(z, x) at time ¢
and position x along the string, then the quadratic assumption
implies that the displacements must obey the wave equation

1 8¢  0%¢

~fr_2¢ c1
cz o2 Ox? €D
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where c is a propagation velocity. The string geometry leads
to the Fourier series representation

N

o(t, x) = Z a,(t) sin (nrx/L)

n=1

(C2)

for the standing wave on the string, where L is the string
length. Inserting (C2) into (C1) produces

a,(f) = w2 a,(f)  where  w, = nac/L (C3)
and where the amplitude a,(¢) is that of a harmonic oscillator.

The constant characterizing the Dirac equation is the
Compton radius r.. So it is reasonable to set the string length
L ~ r. to determine the fundamental frequency w, = nc/L
in (C3). Furthermore, the harmonics of w; can have wave-
lengths of the order of the Planck length r. (antiparticle ex-
citation is, of course, ignored in this rough argument); so the

length L can be subdivided

L e
" minimum length division of string - e
3.86 x 1071
= ~10% C4
1.62 x 10733 ©)

times, and ¢ in (C2) can be expressed as an integral if conve-
nient since r, < r,.
The total energy of the vibrating string can thus be ex-

pressed as
L 2 2
p(0p\  p 2[00
E = = —c|=—| |d C5
fo 2(&) Ta¢ (ax ¥ (©3)
which, inserting (C2) into (CS5), results in [8, p.117]
N %) 2 2
_ L pan pwnan
E= 22_;[ SR ] (C6)

where the first and second terms in (C5) and (C6) are the ki-
netic and potential string energies respectively (p is the string
density).

The crucial significance of (C6) is that it is a sum of inde-
pendent normal-mode energies, where the a,(f) are the nor-
mal mode coordinates. From this normal mode setting, the
quantum field energy

N

N
E = Z (nn + %)hwn = mc? Z (nn + %)rck,, (C7)

n=1 n=1

is defined, where n,, is the number of normal modes associ-
ated with the wavenumber k, = w,/c. In effect, the integers
n, (> 0) determine the quantized energy level of each nor-
mal mode oscillator a,(¢). The 1/2 component in (C7) is the
zero-point energy of the string-vacuum system.

At this point the quantum-field formalism discards the
preceding foundation upon which the fields are derived, and
assumes that the fields themselves are the primary reality
[8, p. 119]. Part of the reason for this assumption is that, in
the past, no obvious foundation was available. However, the
demonstration here provides such a foundation on the simple,
but far-reaching assumption that the vacuum is a degenerate
state which can sustain a large stress without a correspond-
ingly large strain.
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Geometric Distribution of Path and Fine Structure

JaneZApringer
Cankarjeva Cesta 2, 9250 Gornja Radgona, Slovenia, EU.IEinfa@lekarna-springer.si

Previously Progr. Phys., v.2, 105-106) one predicted the exact value of the invense fi
structure constant respecting the double surface conoepobr orbit. In this paper one

extends the same principle on the geometric distributioheffrequencies of the path
of the electron in the ground state of Hydrogen atom. Therga/éne structure constant
reflects the kind of the distribution and the later increakesconstant in the range of
the fifth decimal fromu;?, ., > 137.036006 too ! ., < 137.036018.

1 Theoretical background constanbzailstributed the type of the distribution function of fre-

The number 137 expresses the translation compomerit quencies‘(z} can b_e specul_ated_. . L
the paths of the electron on Bohr orbit [1]. Let us consider Our subject of interest in this paper is the geometric dis-

other translationa around this value are also possible. EaéHbu_t'on 9f the frequencies of the path W't_h ratlgbﬂwhgre .
of them has its own frequency: the jumping of the electron to the non-adjacent positions is

not allowed.

f= 1@, wherez=n-137nez. @) 2 The two-sided geometric distribution

Itis also reasonable to assume the sum of the frequenciesgt is the symmetric distribution of the frequencies of the

all translations equals the unit which is the frequency ef thath provided on and around the zero numbered positain
whole translation of the path: n=137:

FZ=ZfZ=1. )

The two-sided distribution ranges from the translatien—oco
to n=137 on Bohr orbit and further from there to= .

11
f, = 350" whereze Z. (6)
The sum of the frequencids of all translations from —oco

to +oo0 equals the unit:

Overall interval is opened since the frequencies at theifafin z=
endsf.., equal zero and can be ignored. There are also possi- Fz= Z f,=1,
ble even-sided distributions provided on the arbitrary bam z=-o0

of two-sided dimensions. From this point of view the norsince
distribution ath =137 is regarded as zero-sided.
Each translatiom belongs to its patls, so the frequency 1
of the former is identical to the frequency of the later. Rictd 3 22
of the given frequency of the path and the patts, itself is 1
the pondered partial path - s, inside the whole distribution =5+t5+ 3~ 1
of the path:
The value of the inverse fine structure constant reflectieg th
Suhole - Fz = Syhole = Z f,- s, (3) 2-sided geometric distribution of the frequencies of ththpa
of the electron in the ground state of Hydrogen atom can be
The inverse fine structure constant reflecting the wholeidistg|culated with the help of equations (1), (4), (5) and (6):

bution of the path [2] can be then expressed as:
N=co _ 2 /n2
a—‘l ) — f, s (4) a/_l. :1. n(2 1/\/1+7T/n) (8)
distributed z : 2-sided 3 2In-137 .

n=

According to the double-surface concept [2] the value of the i _ i
paths, depends on the translation The values of the frequencies of the pdthapidly lessen in

the negative as well as positive direction from the zero num-
S =n (2 _ 1/m) wheren e Z. (5) bered positiorzon Bohr orbit so the enough accurate value of
the constant can be calculated numerically on the appttepria
Knowing the type of the distribution function of frequergiefinite interval, for instance =[104, 170]:
f(2) the inverse fine structure constarg;lsmbwed can be cal- »
culated. And vice versa, knowing the inverse fine structure @y_gded ~ 137.036014 9
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3 The even-sided geometric distribution 5 The infinite-sided geometric distribution

On the arbitrary number of sides generalized distributibn $uch special distribution of the frequencies of the patief t
the frequencies of the path makes sense to be taken intoedeetron takes place on the infinite sides around Bohr ofbit.
count when some extra two-sided dimensions are proposekiow the equation (12) is shortened for the vanished middle
be involved. The distribution on the even numbekasfdes is term and transformed into the next simplified form useful for

then expressed as: the finding the theoretical inverse fine structure constant:
1 1
f, = PR wherezeZ and k=2m me N, (10) » n= l36n(2 1/\/1+n2/n2)
. o Foo-sided = 2In-137+1
The sum of the frequencidg of the infinite number of trans- n=—oco (14)
lationsn on all k-sides and one zero position equals the unit: n=eo ny (2 _ 1/ m)
oo > ST < 137.036018

F,= Z f,=1, 138

= 6 The inverse fine structure reflecting the geometric
since distribution
= 1 k= 101 =2 11 The distributed value of the inverse fine structure constant
Zk+ 124 ~ 2 £ k+ 127 © ; K122 an seems to be greater than the non-distributed one since:
K 11 k11 k1 ot ~ 137036018> ayl . ~
244k+122 2k+1 k+1 2k+1 7 (15)

~ 137.036014> a;* 4eq ~ 137.036006
The value of the inverse fine structure constant reflectieg th

k-sided geometric distribution of the path of the electron he answer doesn't lie in the frequency of the pitivhich
the ground state of Hydrogen atom is found with the help otherwise equally decreases on both sides of the number 137

equations (1), (4), (5), (10) and (11): but depends on the fact(ﬂ— 1/ Vi+ nz/nz) which increases
more withn <137 than decreases with>137. The overall
136 / 2 /n2
o k 'S n(2 1/ 1+x/n ) effect is thus the increasing value of the distributed inverse
Csided = 2(k+1) 4 2n-137 fine structure constant inside the range of the fifth decimal.
137(2 1 / V1+n2/137 ) (12) 7 Conclusions
k+1 According to the double surface concept the exact inverse fin
e (2= 1/ 1+ 72/ structure constant reflects the kind of the distributionhaf t
+ K Z ( /n — ! ) frequencies of the path of the electron in the ground state of
2k+1) S 2 Hydrogen atom. The factc(|2— 1/ \/1+n2/n2) asymmetri-

wheren e Z andk = 2m, me No. cally changes partial values of the constant what resudts th

The enough accurate value of the constant can be calbgreasing value of the whole constant. The number of sides
lated numerically on the appropriate finite interval. Fce ttPf the distribution influences the above change in the rafige o

acceptable results rounded on the six decimals can be ifth decimal. The zero-, two- and infinite-sided geonsetr

the finite intervalsn=137+ 33 instead of the infinite onesdiStribution ofthe frequencies of the path yields on thedsix

n=137+c0. There is the infinite number of the even-sidegiMal rounded inverse fine structure constant of 137.036006

distributions available fronk=0 to k=co. The 2-sided dis- 137-036014 and 137.036018, respectively.

tribution atk = 2 is only one of them. Dedication

4 The non-distribution This fragment is dedicated to my daughters Alenka, Manica

Such special distribution of the frequencies of the pattnef t2nd Natalija.
electron is considered on the zero position and zero sides on  sybmitted on September 17, 201&ccepted on September 22, 2013
Bohr orbit. Atk=0 the equation (10) and (11) are simplified
to f,=F,=1 so the equation (12) takes the known form us&eferences
ful for the calculation of the theoretical inverse fine sttme 1. Springer J. Fine structure constant as a mirror of spherengtg.
constant[2],(5): Progressin Physics, 2013, v. 1, 12-14.

2. Springer J. Double surface and fine structuPeogress in Physics,

g gaet = 137(2- 1/ 1+ 72/137) > 137.036006 (13) 2013, v. 2, 105-106.
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A Prediction of an Additional Planet of the Extrasolar Planetary System
Kepler-62 Based on the Planetary Distances' L ong-Range Order

Felix Scholkmann
Bellariarain 10, 8038 Zurich, Switzerland. E-mail: fefigholkmann@gmail.com

Recently, the discovery of the extrasolar planetary sydepler-62 comprising five

planets was reported. The present paper explores whejhie(sequence of semi-
major axis values of the planets shows a long-range ordéwvéaether (ii) it is possible

to predict any additional planets of this system. The amslggowed that the semi-
major axis values of the planets are indeed characterizea loyg-range order, i.e.
the logarithmic positions of the planets are correlatedseBeon this characteristic, an
additional planet at 0.22 AU in the Kepler-62 system is presdl.

1 Introduction 2 Materialsand methods

In April 2013, NASA's Kepler Mission reported [1] the detec2.1 Data

tion of an extrasolar planetary system comprising five f2n§he parameter values of the Kepler-62's exoplanets were ob-
(Kepler-62b, c, d, e and f) orbiting a star (Kepler-62) ofspetained from the listing in Borucki et al. [1]. In particular,
tral type K2, luminosity class V, 62 0.02% the mass and 63,0 parameters were selected for the present analysis: the

+ 0.02% the radius of the Sun. The Kepler-62 extrasolar plagmi-major axis4) and the radiusrj of each planet. For the
etary system is located in the constellation Lyra200 light ygjyes, see Table 1.

years away from Earth. The five planets have a size of 1.31,
0.54, 1.95, 1.61 and 1.41 Earth radi,). The two outer- Planet i a[AU] a [km] r[Re] 1 [km] a
most planets (e, f) are likely to be solid planets possiblihwi 62b
liquid water on their surfaces since their position is withi g
Kepler-62’s Habitable Zone. The five planets were detectedé62d
by analyzing the brightness variations of Kepler-62 based o 62e
images obtained by the Kepler spacecraft. 62t

In an analysis of distances between planets of our §@pje 1: Kepler-62 system parameters according to [Ljplanet
lar system (including the dwarf planet Pluto and the astlergjymper counting outwardly from the star Kepler-a2 semi-major
Ceres) it was shown by Bohr and Olsen [2] that the sequeRgs, r: radius of the planeta( = In(a;/10° km)), a andr are given
of distances show a long-range order on a logarithmic scateywo different units (JAU], [km]) and (Re], [km]), respectively.
i.e. the logarithmic positions of the planets are correlated
follow a periodic pattern; they seem to obey a “quantizdtion
The authors tested the statistical significance of the nbthi 2.2 Data analysis

long-range order by using a permutation test, which reeeale, ie analysis, the semi-major axis value (given in urfits o
that the regularity of the distances between the planetsiin gy km) of each exoplanet was first divided by1n, then
solar system is very unlikely to have originated by Chance'logarithmized & = In(a;/10°km)) and according to these

In a subsequent study by the same authors [3], they §Bnes a multimodal probability distribution function (Fp

plied their analysis to the extrasolar planetary system "H?é), as introduced by Bohr and Olsen [2], was calculated by
10180 and determined that (i) the logarithmic position &f th

six planets show also a long-range order, and (ii) that this N

property is enhanced when including a seventh (hypotheti- p@@) = Z aie”, 1)

cally existing) planet at a position of 0.92 0.05 AU, i.e. i=1

bgtween th.e planets HD 10180f and_HD 101.8.09' Ba_sed\%h N = 5 (i.e. the maximum number of planets of Kepler-

this analysis, they postulated a possible additional plane 62) andg given as

the HD 10180 system at a distance of 0.92 AU.
The goal of the present analysis was to apply the same 3 j —&; @)

data analysis approach [2, 3] to the recently discoverad-ext B = wp /2v2In(2)’

solar planetary system Kepler-62 and thus to analyze whethe

(i) the semi-major axis values of the planets show a lonfpr j = 1,1.01,1.02 ..., 10, withw, the width (i.e. the full-

range order, and whether (ii) the analysis predicts aduitio width-at-half-maximum) of each Gaussian peak of the PDF,

planets of this system. andq; a scale factor. The scale factor defined the magnitude

0.0553 8.2728 1(P 131 8355  2.1130
0.0929  1.3898 10’ 0.54 3444  2.6317
0.120  1.795% 10° 1.95 12437  2.8877
0.427  6.3878 10’ 1.61 10269  4.1570
0.718  1.074% 10° 1.41 8993  4.6767
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Fig. 1: Results of the analysis of the multimodal PP@&) (al-a5) and the new one(&’) with the additional hypothetical exoplanet
(marked with a cross in Fig. (b1) and (b2), and marked withazlblre of the Gaussian peak in Fig. (b3)) found using theripdition
approach visualized in Fig. 2.

of each peak. For the present analysis, the scale factor Wwaguency-dependent power spectral density (PSD), i.e. th
assigned to the radius of the specific planet,dse= ri. The power spectrum (PS), of the multimodal PDF) was cal-
rationale for this definition is that larger planets should fzulated by the periodogram method, which is the windowed
contribute more to the overall multimodal PDF than smalldiscrete Fourier transform (DFT) of the biased estimate of
planets. A linear relationship was chosen rather than the nautocorrelation sequence. For the calculatioi, gints in
linear one used by Bohr and Olsen [2, 3] in order to circurthe DFT were used by zero-paddip¢a) to a length of 22
vent the definition of the specific type of non-linear relatio enabling a proper frequency resolution.

ship which is unknown per se. For the width of each peak, In order to analyze whether an additional hypothetical
wp = 0.25 was used which ensures an optimum compromisienet increases the long-range order, the above-meudtione
between a too strong overlap of the Gaussian peaks ongiymal processing steps (i.e. calculation of the multinhoda
one side and to small peaks on the other. Tind) repre- PDF, the ACF and the PS) were repeated with the input sig-
sents a sum of Gaussian peaks located at the logarithmiaealpb (4) in which an additional Gaussian peak was inserted,
planets semi-major axis values)(@nd weighted byd;), the corresponding to the hypothetical exoplanet's positiohe T

individual radius value of the planet. high of the peak was set to the mean values of the radius of
In the next step, the autocorrelation sequence of the mthle five exoplanets. The new peak was introduced between
timodal PDF was calculated according to the peaks associated with values of Kepler-62e and Kepler-

62f since visual inspection reveals a gap in the multimodal
B R R PDF in this region. The semi-major axis value was varied
Ro@(m) = ZO p(@am) p(an), ) petween 0.15-0.38 AU and the corresponding ACF and PS
" were calculated. For each PS, the maximum PSD value of

form=1,2,...,2N - 1, with N the number of samples ofthe fundamental frequency pf(4) (i.e. the first peak after
p(4). Then, the autocorrelation function (ACF) was detethe global maximum at position 0) was calculated. From the

N-m-1

mined by obtained values, the maximum was determined which indi-
e 1 i cate the strongest long-range order of the corresponding se
Ra(m'’ = Ro@(1) Roa(m). @) quence with the added new exoplanet. This new multimodal

ie. Ry (m) was normalized by its maximum value giver?DF was denoted gs(&’), with &’ the vector with the new

by R,a)(1) so thatR,5)(1) = 1. The type and grade of the>®M-Mmajoraxis values.
order (short- or long-range) of the input sequence can be ge-
termined using the ACF characteristics.

In order to quantify the periodicity in the ACF (i.e. thélhe analysis of the semi-major axis values of Kepler-62's
long-range order of the input sequence), in the next step fHanets b-f revealed an exponential like function (Figl))a

Results
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or a quasi linear one when logarithmized values were used 1,2, 3,.... Based on their approach, they predicted for
(Fig. 1(a2)). the Kelpler-62 system 7 additional planets with semi-major

The calculated multimodal PDF is shown in Fig. 1(a3jlistance values of 0.07, 0.15, 0.20, 0.26, 0.33, 0.55 ari2l 0.9
The ACF and the PS are shown in Fig.1(a3) and 1(a4), AdJ. Thus, the approach of Bovaird and Lineweaver predicts
spectively. The search of the optimal semi-axis value of thdiner periodicity compared to the prediction (0.22 AU) de-
additional (hypothetical) planet revealed that a globakimascribed by the present paper. Only the future will tell which
mum of the PSD value in the frequency range of 1.15@8 lapproach is better in modeling the exoplanetary charaeteri
(=~ 0.6502 units ofa) can be clearly determined, as depictetits, i.e. the next discovery of an exoplanet of Kepler-62.
in Fig. 2. Thus, the analysis predicts an additional plahata By the best of my knowledge, the two predictions (by Bo-
distance of 0.22 AU from the star Kelper-62. The charactetird and Lineweave, and the present one), are the only ones
istics of the resulting new multimodal PQR&") with all six published at the present concerning the extrasolar plgneta
planets are shown in Fig. 1(b1-b5). system Kepler-62.

For other extrasolar planetary systems, various authors
have reported a periodicjiyuantization of the planetary po-
sitions and predicted additional orbjifanets based on this.

For example, Naficy et al. [5], recently compared two
approaches for modelling and predicting by using either a
squared model of the form = GM r?/(v3 k?) (with r, the or-
bital radius of then-th planetG the gravitational constarn
the mass of a central body of the system, and the free param-
S T onTs ooa etersu?, k, andn) or an exponential one given oy = ae"
f11/47 (with a, b, n free parameters). In both cases, the parame-

ter values ofn are integers. The authors concluded that the
Fig. 2: (a) Color-coded visualization of the PSD values fet(a) “exponential model has a better coincidence to observaition
function with the added hypothetical exoplanet #tatient positions. data” [5]. In addition they observed a relation between the
(b) Function of the PSD values for the frequency of 1.1538. 1 values of theb parameter and the mass of the central star of
The global maximum indicates the value which correspondbéo the system, indicating a possible physical mechanism under
strongest increase in the long-range order. lying the exponential model. The squared model was also
used in a study analyzing extrasolar planetary systems con-
ducted by Rub¢i¢ and Rub¢i¢ [11].

Another study based on an exponential model was con-
From the analysis conducted in the present study, the fellaywicted by Poveda and Lara [24] to examine the extrasolar
ing conclusions can be drawn: planetary system 55 Cancri. However, problems with this

(i) The positions of the exoplanets Kepler-62a—f showsiudy were pointed out later [23].
long-range order inferred from the peak-like structure In another study, Panov [6] applied an exponential model
(four peaks) in the ACF which is captured by the pow@f the typea, = C &' to extrasolar planetary systems and
spectrum as one single peak, corresponding to linggported a good fit as well as predictions of additional gigine
periodicity of the logarithmized distances between the As early as 1996, Nottale found that “the distribution of
planets. the semi-major axis of the firstly discovered exoplanets was

(i) The strength of the long-range order increases Whgp’lsteredzar.ound quantized values according to the&M
an additional planet with a distance of 0.22 AU fror7 ("/wo), in the same manner and in terms of the same
the star is added to the five observed ones. This re§@pStantuo = 144 knys as in our own inner Solar System

was obtained by an optimization procedure testing L{y 8]. This approach is a result of the “scale relativitygth
possible positions for this planet in the gap betwe&y developed by Nottale [9, 10, 32, 33]. In 2008, an updated
Kepler-62e and Kepler-62f. analysis involving 300 exoplanets was published [10] which

. . " . confirmed and extended the validity of the initial analydis o
A prediction of possible additional planets in the Kepleffg%*

62 extrasolar system was put forward also recently by Bo-

: ) . - An analysis with 443 exoplanets (i.e. all known in 2011)
vaird and Lineweaver [4]. They applied a two-parameter Was conducted by Zoghbi [26]. This revealed a quantization

to 68 diferent extrasolar planetary systems in total and Pt the planet’'s angular momentum which was shown to have

dicted 141 additional planets. For the fitting they used a'funa'probability ofp < 0.024 being due to pure chance.

tion (denoted by them as a modified Titius-Bode relation) 0

the forma, = @ C" , with a, an the Se_mi'major ax!s, two fre€ it would be worthwhile and interesting to repeat the analysith the
parametersd, C), andn a variable with the quantized valuegresently 732 confirmed exoplanets (September 2013//bipplanets.org).

PSD

4 Discussion and conclusion
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In another study, using the equation = GM/(ca €"), ance of the protoplanetary system, might also be important
with @ the dimensionless fine structure constantof/137 for an understanding of the observed patterns.
and c the speed of light, Pintr et al. [12] reported a strong Other approaches worth exploring for further research are
agreement between the orbital data of the two analyzed-exthat based on large-scale quantization in space plasmgs [22
solar planetary system and the expected values. The itten@®delling celestial mechanics using the Schrodinger equa
ing thing about this work is that the equation is derived fepntion [21, 27, 29, 39-41, 43], resonancffeets [25, 28], or-
physical theory describing théfects of electric and magnetichital angular momentum quantization per unit mass [30, 37],
effects on the evolution of a solar system. fractal scaling modeling using the continued fraction roeth
Finally, as mentioned earlier, employing a similar methd@1], conservation of mass and momentum, and stability of
to the one used in this paper (i.e. analysis of correlatitre angular momentum deficit [35,36], the stochastisatjen h
property of the logarithmized planetary positions), Olaad pothesis [34], macroscopic quantization due to finite deavi
Bohr [3] analysed the extrasolar planetary HD 10180 and ptienal propagation speed [38], and the Weyl-Dirac approach
dicted an additional planet at 0.920.05 AU. to gravity [42].
Apart from analyzing extrasolar planetary systems, em- One significant dficulty in explaining the observed reg-
pirical relationships for the distances of the planets afsms ularities of distances is the fact that planets can migeatgel
lar system started to be published centuries ago when JdBtances after their formation (e.g. [44—48]). A modeltha
Titius (1729-1796) and E. Bode (1744-1826) described gimes an explanation of the regularities must include this o
apparent regularity of the planetary radii, later knowntees tserved fact. One possible explanation might be to regard the
Titius-Bode law (expressed in 1787 in its more modern matidantization pattern as an attractor in a phase-space of the
ematical form by Wurm:r, = 04 + 0.3 x 2", n = —oo planet's migration movements.
(Mercury), Q1,2,...) [13]. This equation predicted the po- In conclusion, the present analysis of the extrasolar plan-
sition of Uranus, but failed to fit for the planetary positionetary system Kepler-62 reveals that (i) the semi-major axis
of Neptune and Pluto. Based on the many studies about regjues of the planets show a long-range order, and (ii) that
ularities in planetary distanctadii conducted until now, the there might be an additional planet at the distance of 0.22 AU
Titius-Bode law can be regarded as a first phenomenologisatween Kepler-62e and Kepler-62f.
description of a possible fundamental law of planetary spac
ing. The work of Bohr and Olsen [2, 3] in particular strongly
suggests that the orbital spacing of planetary systems @bayeferences
Iong-ra_nge order and nOt_aSi_mp_Ie short-range one, supgorti 1. Borucki W.J., Agol E., Fressin F., Kaltenegger L., Rowgaet. al.
the notion that the quantization is not down to chance. Kepler-62: A five-planet system with planets of 1.4 and 1.6lEeadii
Concerning the physical mechanism involved in creating in the Habitable ZoneScience2013, v. 340 (6132), 587-590.
a long-range order in planetary systems, this issue is Rot r@. Bohr J., and Olsen K. Long-range order between the planéte So-
solved yet. However, important approaches have been put for lar systemMonthly Notices of the Royal Astronomical Soci€910,
ward over the last decades. For example, Wells showed that V- 403, L59-163. ) ) )
the planetary distances can be “accurately predicted by tﬁe Olsen K. and Bohr J. Pair-correlation analysis of HD 10i®geals

. " . a possible planetary orbit at about 0.92 AU. 2010, arXiv: raast
eigenvalues of the Euler-Lagrange equations resultingi fro  ph Ep1009.5507.

the variation of the free energy of the generic plasma thaj, govaird T. and Lineweaver, C.H. Exoplanet predictionseon the
formed the Sun and planets” [14, 15]. Further research of generalised Titius-Bode relation. 2013, arXiv: astroE#i1304.3341.
the author led him to conclude that “a unification of the mors5. Naficy K., Ayubinia A. and Saeedi M. Exponential law as a encomp
phology of the solar system” and other astrophysical phe- ?)tri]b'? molge' to d?;gfge OigitZszp;agitafy systeimasiian Journal of
nomena “can be accomplished by a basic consideration %f o yS'CSK ssiirc b_t’lva_ t( ): I_ ; anet e O

H _ H H H . anov K. P. € orpital distances law In planetary Sysi s Open
;htTdmllmmum"acltgon 's:t.ate”s c;]f cosmic am:]wrtual \;ac_uumh Astronomy Journal2009, v. 2, 9294,
1€ p asmas [16]. In,a y he came to the cqnc usion t ar7. Nottale L., Schumacher G. and Lefévre E.T. Scale-wfatand quan-
a Un|f|Cat|0n_0f all physical forces can be de_”VEd based 0N tization of exoplanet orbital semi-major axestronomy and Astro-
the assumption that they are regarded “as ‘fluid’ or ‘Magnus’ physics 2000, v. 361, 379-387.
forces generated by vortex structures (particles) in theali 8. Nottale L. Scale-relativity and quantization of extrdas planetary sys-
plasma gas” [15-17]. The work of Wells should be carefully ~tems.Astronomy and Astrophysics996, v. 315, L9-L12.
reconsidered since it might be a key to understanding regul- Nottale L. Fractal Space-Time and Microphysics: Toward$ieory of
patterns, long-range orders and quantization of astropedmj  Scale Relativity. World Scientific, 1993. . _
systems and structures. In addition, analysis based ohéhe t*- t';,?f;a'gobgsgfi?vfe;fy'ﬁ'gsZ”fnf}S;ftf‘z' ;gg‘;e't'me'owea”d applica-
oretical framework of stochastic electrodynamics (SER} th o A o

. . 1. RubCi¢ A. and Rubti¢, J. Planetary orbits on solat extrasolar sys-

shed new light on the origin of the solar system [18], and alSO  tems Fizika A 2010, v. 19 (3), 133-144
t_he finding of Graner and DuprU"e [19, 20] that T'“_US'BF)deIg. Pintr P., Pefinova V., and Luks A. Allowed planetarpits in the solar
like laws appear when assuming a scale and rotational invari systemChaos, Soliton& Fractals, 2008, v. 36, 1273-1282.
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Our Sun has confronted humanity with overwhelming evideheg it is comprised of
condensed matter. Dismissing this reality, the standded swodels continue to be an-
chored on the gaseous plasma. In large measure, the endwfathese theories can be
attributed to 1) the mathematical elegance of the equafmrtbe gaseous state, 2) the
apparent success of the mass-luminosity relationship3attte long-lasting influence
of leading proponents of these models. Unfortunately, mectliphysical finding sup-
ports the notion that the solar body is gaseous. Withoutmia® all observations are
most easily explained by recognizing that the Sun is pritpadmprised of condensed
matter. However, when a physical characteristic pointsotmlensed matteg postori
arguments are invoked to account for the behavior usingdbea@ys state. In isolation,
many of these treatments appear plausible. As a resultaengs models continue to
be accepted. There seems to be an overarching belief inssidance that the problems
with the gaseous models are few and inconsequential. lity;ghky are numerous and,
while often subtle, they are sometimes daunting. The gasequations of state have
introduced far more dilemmas than they have solved. Mank@tbnclusions derived
from these approaches are likely to have led solar physies dmproductive avenues,
as deductions have been accepted which bear little or ntioredaip to the actual nature
of the Sun. It could be argued that, for more than 100 yeaesg#seous models have
prevented mankind from making real progress relative t@ustdnding the Sun and the
universe. Hence, the Sun is now placed on trial. Forty lifesvaence will be pre-
sented that the solar body is comprised of, and surroundezbhglensed matter. These
‘proofs’ can be divided into seven broad categories: 1) €dem, 2) spectroscopic,
3) structural, 4) dynamic, 5) helioseismic, 6) elementatj &) earthly. Collectively,
these lines of evidence provide a systematic challengeetgabeous models of the Sun
and expose the many hurdles faced by modern approachesrv@tizssal astronomy
and laboratory physics have remained unable to propertifjudaims that the solar
body must be gaseous. At the same time, clear signs of coedienatter interspersed
with gaseous plasma in the chromosphere and corona havedggettably dismissed.
As such, itis hoped that this exposition will serve as artation to consider condensed
matter, especially metallic hydrogen, when pondering tiesp of the Sun.

The Sun is a world so flerent from our own . ..
However [relative to understanding its structure],
one must not lose heart; over the past few years sci-
ence has made a lot of progress, and those who come
after us will not fail to make even more.

the concept that the Sun was a ball of gas surrounded by con-
densed matter [2, 3].

Others, of equal or greater prominence, including August
Ritter, Jonathan Lane, Franz Schuster, Karl Schwarzschild
Arthur Eddington, Subrahmanyan Chandrashekhar, and John

Father Angelo Secchi, S.J., 1875 [1, p. 300, V.I]Bahcall, would have their chance to speak [2,3]. The Sun
_ became a fully gaseous plasma.
1 Introduction As a consequence, the gaseous Sun has imbedded itself
A long time ago, men like Gustav KirchffpJohann ZélIner, at the very foundation of astronomy. Few would dispute that
William Thomson (LOI’d Kelvm)’ and Jam-es- Je?‘ns Vie-we-d fIn the mid-1800s, five great pillars had given birth to the egass
the photosphere (Or the solar bOdy) as existing in the “q"ggn: 1) Laplace’s Nek;ular Hypothesis, 2) Helmholtz’ coctitm theory,

state [2, 3]. Despite their stature, scientists, since #ys®f 3) cagniard de la Tour's critical phenomena and Andrewcaii tempera-
Herbert Spencer and Angelo Secchi, slowly drifted towardses, 4) Kirchhé's formulation of his law of thermal emission, and 5) the
discovery of pressure broadening in gases. Each of theqedadsusly been
*Translations from French were executed by the author. addressed in detail [2].
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the Sun is a gas and that our understanding of all other staesame the solution to every puzzle [12], even though gases
and the entire universe, is inherently linked to this rgalitare incapable of their generatibrOver time, theoretical ap-
Therefore, any endeavor to touch the phase of the Sun marstaches claimed one victory after the next, until it seemed
be viewed as an attempt to reformulate all of astronomy. as if the Standard Solar Models [11, 13, 14] were unshakable.
Yet, when astrophysics remained a young science, éases were inappropriately endowed with all of the proper-
servational astronomers, such as James Keeler, Edwin Fittgs of condensed matter.
and Charles Abbot [4], objected to the theoretical basis for In reality, a closer examination would have revealed that
a gaseous Sun. August Schmidt was the first to mathemeitgny theoretical achievements were inapplicable. Some of
cally dismiss the solar surface as illusion. Speaking of, hithe dificulties stemmed from improper experimental conclu-
Charles Abbot, the director of the Smithsonian Observatains. The universality of several laws [15-20], on whiah th
would write, “Schmidt’s views have obtained considerablentire solar framework rested [9, p. 27-58], was the product
acceptance, but not from observers of solar phenoméha” of faulty assumptions [21-24]. These errors were introduce
p.232]. In 1913, Charles Maunder made the point even mavken theoretical physics remained in its infancy. But now,
forcefully, “But under ordinary conditions, we do not see thghey were governed by other branches of physics (i.e. black-
chromosphere itself, but look down through it on the photbedy radiation and condensed matter physics [15-20, 25]),
sphere, or general radiating surface. This, to the eye, céet by astronomy. The most pressing problems were never
tainly looks like a definite shell, but some theorists havanbeproperly solved by the physics community [21-24].
so impressed with the ficulty of conceiving that a gaseous Solar theory was replete with oversights and invalid as-
body like the Sun could, under the conditions of such stupsnmptions, but the shortcomings would be extremefiyailt
dous temperatures as there exist, have any defined limik,at tl detect. Problems which were ‘solved 100 years ago’ still
that they deny that what we see on the Sun is a real boundéurgked in the background [19,20]. Too much forward progress
and argue that it only appears so to us through tlffects of was desired with too little attention paid to the road tradel
the anomalous refraction or dispersion of light. Such thesr Most viewed that only a few minor problems remained with
introduce dificulties greater and more numerous than thoggaseous equations of state [13,14]. Evidence that the Ssin wa
that they clear away, and they are not generally accepted byt a gas was dismissed with complex schemes often requir-
the practical observers of the SufB, p. 28]. Alfred Fowler, ing the suspension of objectivity.
the first Secretary of the International Astronomical Union Nonetheless, many lines of evidence had revealed that the
shared these view&The photosphere is thus regarded as ahody of the Sun must be comprised of condensed matter (see
optical illusion, and remarkable consequences in relation Table 1). Slowly, arguments initially advanced by men like
spots and other phenomena are involved. The hypothesis@pstav Kirchhd [26] and James Jeans [27, 28] began to re-
pears to take no account of absorption, and, while of a cartaémerge. Moreover, they were joined by an arsenal of new
mathematical interest, it seems to have but little applarat observations. Today, at least forty proofs can be found dis-
to the actual SunT7]. puting the gaseous nature of the Sun. There are surely more
With time, however, the voices of the observational at® be discovered.Conversely, not one direct proof exists that
tronomers were silenced by the power and elegance of the body of the Sun must be considered a gaseous plasma.
mathematical arguments [2, 3]. Those who could not follow It is clear that the lines of evidence for condensed mat-
sophisticated theory could no longer become professianal@r which are contained heréiare worthy of a cohesive dis-
tronomers. At Cambridge, the Mathematical Tripos becar@iéssion. For the purpose of this presentation, they areisubd
and remained an accepted path to a Ph.D. degree in astriged and reorganized into seven broad categories: 1) Rlanc
omy [8]. Theory [9-14T, rather than observation, came téan, 2) spectroscopic, 3) structural, 4) dynamic, 5) helios
dictate the phase of the Sun and all solar phenomena waie, 6) elemental, and 7) earthly. Each proof will be dis-
explained in terms of a gaseous entity. cussed relative to the liquid metallic hydrogen (LMH) model
As gases are unable to support structure, additional mebifs 39, 47, 48] wherein condensed hydrogen, pressurized in

were adopted to explain solar observations. Magnetic fielfl§ solar interior, assumes a graphite-like lattice on the-p
tosphere [39, 40, 45, 48], a more metallic nature in sunspots

*Eddington’s mass-luminosity relationship [9, p. 145-19@jds as one and faculae [40,45,52], afflise presence in a somewhat cool
of the great triumphs of the gaseous models. Today, thisniinidi well es-
tablished in observational astronomy and Eddington'svdéan is worthy of TMagnetic fields are the product of underlying microscopiactire in
adetailed treatment. Due to space limitations, the toplicet be addressed condensed matter. As such, whenever a magnetic field isajedesn Earth,
herein. Stice it to state that Eddington’s derivation was dependentien tcondensed matter must be involved, either to directly geaet, or to cause
validity of Kirchhoff's law and no ort has been made to account for théhe ordered flow of charge.
relationship if the stars were made of condensed mattehédsame time, it *Solar astronomers, upon further consideration, will reizgthat their
must be noted that through the mass-luminosity relatignsin observation own subject areas might also provide additional lines alewce. With time,
linked to distant objects, came to dictate the phase of time The relation- these complimentary proofs will eventually surface.
ship is not contingent on the behavior of the Sun itself,alth the latter §The author presents a complete list of his relevant worké,[29-62]
does lie on the main sequence of the stars. in order to facilitate the study of these problems.

Pierre-Marie Robitaille. Forty Lines of Evidence for Conded Matter — The Sun on Trial 91



Volume 4 PROGRESS IN PHYSICS October, 2013

I. Planckian Lines of Evidence§2 p. 92 IV. Dynamic Lines of Evidence§5 p. 118
1. Solar Spectrur§2.3.1 p. 95 25. Surface Activity5.1 p. 118
2. Limb Darkening§2.3.2 p. 97 26. Orthogonal Flow$.2 p. 121
3. Sunspot Emissivit$2.3.3 p. 98 27. Solar Dynanf®.3 p. 121
4. Granular Emissivitg2.3.4 p. 100 28. Coronal Rafb.4 p. 122
5. Facular Emissivitg2.3.5 p. 101 29. Coronal Looggs.5 p. 123
6. Chromospheric Emissivit§2.3.6 p. 102 30. Chromospheric Condensagibré p. 124
7. K-Coronal Emissivity§2.3.7 p. 103 31. Splashdown Eveg&7 p. 125
8. Coronal Structure Emissivi§2.3.8 p. 103  32. Solar Winds and the Solar Cy§3eB8 p. 125

Il. Spectroscopic Lines of Evidence§3 p. 104 V. Helioseismic Lines of Evidencg6 p. 127

9. UV/X-ray Line Intensity§3.1 p. 104 33. Solar Body Oscillatio§$.1 p. 127
10. Gamma-Ray Emissic§8.2 p. 104 34. Mass Displacemeyt.2 p. 128
11. Lithium Abundance$§3.3 p. 105 35. Higher Order Shapé.3 p. 129
12. Hydrogen Emissio§3.4 p. 106 36. Tachocline and Convective Zogés! p. 129
13. Elemental Emissio§3.5 p. 108 37. Solar Cog6.5 p. 129
14. Helium Emissior§3.6 p. 109 38. Atmospheric Seismolo§§.6 p. 129

15. Fraunhofer Absorptio$3.7 p. 112
16. Coronal Emissiof§3.8 p. 112

lIl. Structural Lines of Evidence §4 p.114 VI. Elemental Lines of Evidence§7 p. 129
17. Solar Collapsé4.1 p.114 39. Nucleosynthegg.1 p. 129

18. Density§4.2 p. 115

19. Radiug$4.3 p. 115

20. Oblatenes§4.4 p. 115 VII. Earthly Lines of Evidence §8 p. 130
21. Surface Imagin§4.5p.116 40. Climati¢8.1 p. 131

22. Coronal HolefRotation§4.6 p. 116

23. Chromospheric Exte§#.7 p. 117

24. Chromospheric Shaj§d.8 p. 118

Table 1: Forty Lines of Evidence for Condensed Matter — The &uTrial.

corona [57,58, 60], and a solid character in the core {50]. 2 Planckian (or Thermal) Lines of Evidence

Of these lines of evidence, the thermal proofs will al|=he Sun emits a spectrum in the visible and infrared region

ways remain (_:entral to undqrstandmg the cpndensed nag*rﬁ]e electromagnetic spectrum (see Fig. 1) whose detailed
of solar material. They are tied to the most important ques-

. . : o -.analysis provides a total of eight lines of evidence reéativ
tions relative to light emission [15-20] and have the @blhﬁ) th)é pr:sence of condensedgma‘ttd?or gaseous models,

to directly link physical observation to the presence of a Volar emission must be explained using the most complex
brational lattice, a key aspect of all matter in the condelnsef . - .

; ) . . of schemes, resting both on the validity of Kircltfie law
phase [21-24]. Hence, the discussion begins with the tHer hermal emission [15, 16] and on theslar opacity prob-
lines of evidence, as inherently related to blackbody Fad|g '

tion [15-25, 63] and to the earliest scientific history of the [42]. . . : .
sun[2,3]. Agassi reminds us thdBrowsing through the literature,

one may find an occasional use of Kirclffi® law in some

“The model adopts a liquid state for the surface of the Sunhiass
in keeping with macroscopic observations. However, anneld structural fThese proofs require the longest descriptions, as theytmany con-
lattice, not simply a random assembly of degenerate at@ngguired, as cepts in physics. Since they deal with thermal phenomersy, ¢an also
demonstrated ir§2. Of course, on the scale of solar dimensions, evenbe referred to as th#lanckian’ lines of evidence, in recognition of Max
material with the rigidity of a solid on Earth (i.e. with a higlastic modu- Planck’s contribution to this area of physics [19, 20]. Bey@hysics, Max
lus), might well appear and behave macroscopically as allign the photo- Planck’s philosophical writings (see references in [641)l @ersonal con-
sphere. duct [65], despite the evil of his times, have much fieoto modern society.
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W |Visble] Inrared ——— independent of the form and nature of the bodies, being de-
termined by the temperature alone ... In the interior themef

of an opake red-hot body of any temperature, the illumimatio

is always the same, whatever be the constitution of the body
in other respects|16, §16].7

Blackbody radiation was governed strictly by the temper-
ature and the frequency of interefhe nature of the walls
was irrelevant Kirchhoff introduced the idea that blackbody
radiation somehow possessecduaiversal’ significance and
was a property of all cavities [15, 16].

Eventually, Max Planck [19, 20] provided a mathemati-
cal form for the spectral shape of blackbody emission sought
(adapted from Fig. 1-3 in [66]). To a first approximation, g by Kirchhoff [15, :!'6]' Kirchhdfs law becam_e '”Qra'”ed In
lar spectrum is very nearly identical to that of a blackbodghva Planck’s formulation [20§24-§62]. By extension, it also be-
temperature 0£5,800 K (dashed line). came an integral part of the laws of Wien [17] and Stefan [18],

as these could be simply derived from Planck’s equation [20,
§31-§60]. In turn, the laws of radiation, came to form the
experimental physics, but the only place where it is treatedyery foundation of the gaseous models (see e.g. [9, p. 27-58]
all seriously today is in the astrophysical literaturg3]. In Since blackbody radiation was thought to be ¢iiver-
reality, it would not be an overstatement to argue that Kirchg' nature andndependent of the nature of the walldax
hoff’s law [15, 16] constitutes the very core of accepted sptanck, was never able to link his equation to a direct phys-
lar theory. Any problems with its formulation would sengka| cause [21, 23, 24]. He spoke of any such attempt as a
shock waves not only throughout stellar astrophysics, ®utkopeless undertaking20, §41]. In this respect, blackbody
every corner of modern astronomy. Hence, the discussi@@iation became unique in physics. Planck’s equation was
with respect to the thermal lines of evidence commences Wik linked to anything in the material world, as Kirctftis
a review of Kirchhdi's law [15, 16] and of blackbody radia-|a\ [15, 16] had dictated that the process was detached from
tion [17-25]. This will be followed by an overview of thes?)hysical causality [20, 21].
principles, as applied to the Sun and the resulting solac-0pa \wjith his law, Gustav Kirchhfiwas informing the physics
ity problem [42]. community that the light emitted by an object will always
L . ) correspond to the sameniversal’ spectrum at a given tem-
2.1 Blackbody Radiation and Kirchhoff’s Law perature, provided that the object be enclosed and thesentir
The author has previously stated thatirchhoff's law is  system remain at thermal equilibrium. Any enclosure con-
one of the simplest and most misunderstood in thermodynésined the same blackbody radiation. The nature of the enclo
ics” [24].* Formulated in 1860 [15,16], the law was advanceglire was not relevant to the solution, given that it was truly
to account for the light emitted from objects in response ¢paque. Perfectly reflecting enclosures, such as those made
changes in temperature. Typically, in the mid-1800s, the glom silver, should function as well as perfectly absorbing
jects were black, as they were covered with soot, or blagkclosures made from graphite or coated with carbon black.
paint, for best experimental results [21, 23,24]. Thuss thi |n reality, KirchhdT erred in believing that the nature of
field of research became known as the studybtdckbody
radiation’ [21, 23, 24]. Kirchhdf attempted to synthesize an TN%ebhOV‘_’ thisd'aSt sentence m‘metgiate'g_ ”tT,‘P”Ed _g‘mf:;;_”f’_‘:’m "t“t‘f'
overarching law into this area of physics in order to bring gy c'c2n ot iniensiy versus frequency) as that e blackbody
certain unification to laboratory findings. At the time, pltgs at the temperature in question.
was in its infancy and theorists hoped to formulate laws with *In processes where light is emitted, there are five aspeaisrisider:

‘universal’ consequences. Such was Kirclfﬂ’mgoal when 1) the physical setting, 2) separate energy levels createthis setting,

. . . 3) a transition species which will make use of these energgide 4) the
his law of thermal_emlss!on was devised. production of a photon, and 5) an equation. For instancelforanw ra-
The heart of Kirchhfi’s law states that|f a space be en- giation these correspond to 1) the hydrogen atom, 2) the tearenic or-

tirely surrounded by bodies of the same temperature, so thiglls involved in the transition — principle quantum nurrdli=2 and N=1,
no rays can penetrate through them every pencil in the -r’ﬁ_the electron as the transition species, 4) the Lym@mission at 1216A,

. . . nd 5) the Rydberg formula. Alternatively, in speaking @& groton nuclear
terior of the space must be so constituted, in regard to gnetic resonance line from water, these correspond tbelhydrogen

quality and intensity, as if it had proceeded from a perfecthioms of the water molecules placed in a magnetic field, 2yydeogen nu-
black body of the same temperature, and must thereforeclser spin up or spin down states, 3) the hydrogen nuclearaspa transition
species, 4) the hydrogen line at 4.85 ppm, and 5) the Larmaatem. Anal-

*A detailed series of publications related to the analysiKiofhhoff's  ogous entries can be made for any spectroscopic procesgsicghwith the
law has previously appeared. These can be consulted by Wiusaseek a exception of blackbody radiation. In that case, only theattd 5th entries
more extensive discussion of the subject matter (see [J1L—24 are known: 4) the nature of the light and 5) Planck’s equddn.

Solar Irradiance

T T T T T T
500 1,000 1,500 2,000 2,500 3,000
Wavelength (nm)

Fig. 1: Schematic representation of the visible spectruth®fSun
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the enclosure did not matter [21-24]. Perfectly reflecting e  The universality which Kirchhid sought was not present.
closures manifest the radiation of the objects they contait Regrettably, Max Planck had embraced this concept and, as
blackbody radiation (see [22] for a proof). To argue othsewia direct consequence, blackbody radiation was never linked
constitutes a violation of the First Law of Thermodynamict a direct physical cause. Tragically, the astrophysioai
Furthermore, if Kirchhé’s law was correct, any enclosednunity would come to believe that blackbody radiation could
material could serve as an experimental blackbody. But, ldd® produced without the presence of condensed matter. Upon
oratory blackbodies are known to be extremely complex dhis ex nihilogeneration, it built the foundations of a gaseous
vices, typically involving the use of specializ&tearly per- Sun [9, p. 27-58] and the framework of the universe.
fectly absorbingmaterials over the frequencies of interést.

Max Planck believed thdt ..in a vacuum bounded by 2.2  Kirchhoff’s Law, Solar Opacity, and the Gaseous
totally reflecting walls any state of radiation may persist” Models of the Sun
[20, §61]. In itself, this was contrary to what Kirchfichad

stated, as noted above, . In the interior therefore of an Civen thermal equilibrium, Kirchhd's belief that all opaque

opake red-hot body of any temperature, the illumination enclosures contained blackbody radiation had prpfounel con
always the same, whatever be the constitution of the baiAUeNces for astronomy. If the Sun was considered to be
in other respects’16, §16]. Throughout his text on ther-2" enclosure operating under thermal equilibrium, then by

mal radiation [20], Max Planck repeatedly introducesraall  Kirchhoff’s law, it was filled with blackbody radiation (e.g.
carbon particle’to ensure that the radiation he was treatirlg: P-27~58l). Nothing was required to produce the radfatio
was truly black [21,23]. He viewed the particle asata- other than adherence to Kirchis condition. Even so, use

lystand believed that it simply accelerated the move towarRist"e laws of thermal emission [15-20] explicitly required
black radiation. In reality, he had introduced a perfect alii€ Presence of thermal equilibrium in the subject of irgere
sorbefemitter and thereby filled the cavity with the radiatiolf-€- conductionand convection must not be present [21--24]
desired (see [22] for a proof). If Kirchifis law was correct, ~ AS for the Sun, it operates far out of equilibrium by every
this should not be necessary. The carbon particle was m{RgasuUre, emitting a large amount of radiation, but absgrbin
more than a simple catalyst [21, 23]. essentially none. Furthermore, it sustains cledieténtial

Another repercussion to Kirchfics statement was thecon\/_ection currents on its surface, as reported long ago by
belief that objects could radiate internally. In fact, Riien C@Tington [67,68]. Consequently, how could the proposient
would use this approach in attempting to derive Kircfilso of the gaseous models justify the use of the laws of thermal
law (see [20, p. 1-45]). Yet, conduction anbr convection emission to treat the interior of the Sun [9,13,14]? How doul
properly govern heat transfer within objects, not intemaal 20 object like the Sun be considered enclosed?

diation. Thermal radiation constitutes an attempt to aghie Arthur Eddington viewed the Sun as filled with radiation
equilibrium with the outside world. which was essentially black. For him, the Sun acted like a

The idea that all opaque enclosures contain blackbody /1Y leaking sieve [9, p. 18]. In speaking of the applioat
diation was demonstrably false in the laboratory and KircRl Stefan's law [18] to the solar interior, Eddington argued
hoff’s law of thermal emission, invalid [21-24]Rather, the 10 & Very high degree of approximation the last two results
best that could be said was that, at thermal equilibrium a§ immediately applicable to the interior of a star. It isier
in the absence of conduction or convection, the absorpfiorf3At the radiation is not in an ideal enclosure with opaque
radiation by an object was equal to its emission. This w4&lls at constant temperature; but the stellar conditiops a
properly formulated by Balfour Stewart in 1858, one year bBoach the ideal far more closely than any laboratory exper-
fore Kirchhdt developed his own law [22, 25]. iments can do'(9, p. 99-100]. He justified these statements

based on theery opaquaature of stellar material which he

“For an extensive list of references on laboratory blackémdind the inferred by considering a distant star, Capella [9, p. 100].
materials used in their preparation, see [23]. Stefan’s law codified a fourth power dependence on tem-

In his derivation, Planck did not permit his volume-elensetut reflect ;
light [20, p. 1-45]. As aresult, all these elements becantegity absorb- perature (?) [18]' At the same time, the gaseous Sun was

i 7

ing and he was able to obtain Kirchiis law. However, had he properly thought to S_USta_m a C_Ore temperature of roughlyxi16” K
included reflection, he would have convinced himself thatkhaf's law  [13, p. 9] while displaying an apparent surface temperattire
WaSTinvalid (see [21-24] for a complete discussion). only 6,000 K. Therefore, application of Stefan’s law [18] to

_ *One cannot expect scientists to revisit the validity of gvew upon imaginary concentric spheres [13, p. 2] located in the iater
which they shall base their work. As such, if 20th centuryasimers com- fh Id Iti deal h d d
mitted a misstep in applying Kirchffits law to the Sun, it is not at all clear O the Sun would result 'n_a great_ eal more photons produce
how this could have been prevented. Indeed, when the autimfivst con- in the core than ever emitted by its surface. Through the ap-
sidering these problems, he actually believed that Kiréfthtaw was valid plication of such logic, the Sun could be viewed as a slowly

(i.e. [29]), but that the Sun simply fallgd to meet thg reqm_ents set forth Ieaking sieve and essentially perfectly enclosed. Edd'rmgt
by enclosure. It was only later, following an extensive egviof blackbody

radiation [21-24], that he came to realize that there wagam i the law inferred that the opacity, or ability to absorb a ph-otonhivit
itself. the Sun was extremely elevated. Under these circumstances,
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light produced in the solar interior could not travel very faure of the Sun, which can be made to have meaning only by
before being absorbed (see [9, p. 100] and [14, p. 185-232fe introduction of an assumption that does not hold in real-
Arthur Milne argued that the interior of a star could bigy” [20, §51]. Planck must have recognized that the Sun pos-
viewed as being itocal thermal equilibriumthereby insist- sessed convection currents on its surface [41], as Caprifgt
ing that Kirchhdf’s law could be applied within the Sundiscovery [67] would have been well-established throughou
Speaking of the solar interior, he statétf,the atoms are scientifically educated society.
syficiently battered about by colliding with one another, they To further complicate matters, astrophysics must create
assume a state (distribution of stationary states) chamactsuficient opacity in the Sun. Opacity acts to contain and
istic of thermodynamic equilibrium at temperature 189, shift the internal radiation essential to the gaseous nsodiel
p. 81-83]. Unfortunately, these words describe the camliti has been said that absorption of radiation in the solariorter
required for the onset of conduction [70]. Thermal equilitakes place through the summation of innumerable processes
rium could never exist at the center of the Sun, as the s@tcluding bound-bound, bound-free, free-free, and scatt
ting prevailing at the core would facilitate a non-radiafpro- ing reactions [14, p.185-232]). Such a hypothesis consti-
cess [21-24]. tutes thestellar opacity problem® The blackbody spectrum
Max Planck has clearly stated that thermal equilibriumthich could be produced in the laboratory using simple ma-
can only exist in the absence of all conductitviow the con- terials like graphite, soot, or metal-blacks [21-24], at@re-
dition of thermodynamic equilibrium requires that the tenguired the summation of a large set of processes which were
perature shall be everywhere the same and shall not vary witpt known to contribute to the production of the blackbody
time ... For the heat of a body depends only on the heat ragipectrum on Earth [41,42]. The central problem for gas mod-
ation, since on account of the uniformity in temperature, s is not that the Sun sustains clear convection at the level
conduction of heat takes placg20, §24]. That is why he of the photosphere, nor that inferred conduction existssat i
insisted that the walls of the enclosure be rigid (e.g. §2@— core. Rather, it was that Kirchits law was not valid and
25]), as no energy must be carried away through the actioriftsit Planck’s equation had not been linked to the physical
the momentum transfer which accompanies collisions. Aworld [21-24]. The laws of thermal emission could not be
cordingly, Milne’s arguments, though they rest at the hefirtapplied to the Sun. It was not reasonable to account for the
the gaseous solar models, are fallacious. It is inapprprigroduction of a blackbody spectrum using opacity calcula-
to apply Stefan’s law to the interior of the Sun, as conduactitions which depended on processes unrelated to thermal emis
forces violate the conditions for enclosure and the requigion [42]. The production of blackbody radiation required
ments for purely radiative heat transfer. much more than imaginary enclosures. It required the pres-
In his treatise on heat radiation, Planck warned agai@#tce of nearly perfectly absorbing condensed matter, ds wel
applying the laws of thermal emission directly to the Sude¢monstrated by all laboratory experiments over the course
“Now the apparent temperature of the Sun is obviously notpf more than 200 years (see [21-24] and references therein).
ing but the temperature of the solar rays, depending entirel
on the nature of the rays, and hence a property of the rays3 The Eight Planckian Lines of Evidence

and not a property of the Sun itself. Therefore it would bghe eight Planckian (or thermal) lines of evidence, on their

not only more convenient, but also more correct, to apply thjyn provide sficient proof that the Sun is comprised of

notation directly, instead of speaking of a fictitious tempe ¢qndensed matter. Each of these proofs includes two com-
“Eddington concluded th&the stars on the main series possess nearl onents 1) a dIS_CUSSIOI’l of Som.e as_pec_t of thermal radiation,

the same internal temperature distributioahd inferred core temperatures nd 2) the associated structural 'mpl'cat|0n5- Ithas besth w

in the millions of degrees [9, p. 177-178]. Given his beltedtithe laws of €stablished in experimental physics that the thermal éiss

thermal emission [15-20] could be applied to the core of taessthe tem- jty of a material is directly linked to its structure [71]. iFu

peratures he inferred would result in the production of phstwith X-ray ; ; i
energies. Over thousands of years, these photons wouldlyslak their thermore, condensed matter is known to POSSESS varying di

way out to escape at the photosphere. But as they traveleeteurface, '€Ctional emissivities which play a key role in understagdi
they would slowly lose energy and become shifted to everidmeuencies. the structures associated with the Sun, including the @dgre
Finally, upon reaching the surface, they would emit in tteiblé region of \yhich one might infer that they are metallic [66,72, 73].

the electromagnetic spectrum. To accomplish the feat, #sengodels re-

quired that perfect and gradual changes in opacity enakbidatkbody spec-

trum produced at X-ray frequencies to be slowly converteshiexistingin 2 3 1 Solar Spectrum #1

white light. The issue has previously been addressed byuther[3, 36,42]
and provides an example where accepted science requiredgpension of

The blackbody lineshape of the solar spectrum (see Figsl) ha

disbelief. .
fThe density at the center of the Sun is believed to approa@hytic been known since the days of Samuel Langley (See [74* Plate
[14, p. 483], a value compatible with conductive solids orntlEa 12 and 21] and [75, Plate IV}). Still, though astrophysics
*The Sun is known to possess powerful magnetic fields and adpla
namo. Their existence strongly argues for conduction wittindensed mat- $The author has previously addressed the stellar opacitylgro[42].
ter (see [35, 39] ang5.3). IThe first Planckian proof [45] was initially treated in [28,36,42,43].
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has tried to explain the production of this light for near§01 ble for the thermal spectrum had to be composed of hydrogen.
years [2, 3], little real progress has been made in this direc Then, in 1935, a seminal work appeared which had the
tion. As demonstrated in Section 2.2, the gaseous modelsfatential to completely alter our understanding of thesstar
to properly account for the occurrence of the solar spectry®6, 39]. Eugene Wigner (Nobel Prize, Physics, 1963) and
Gases are unable to emit a continuous spectrum. Rather, Hey. Huntington [88], proposed that atfigient pressures,
emitin bands (see [21,70] and references therein). Evenwhgdrogen could become metallic. More importantly, they
pressure broadened, these bands cannot produce the blaokid make a direct link between the structure of metallic
body lineshape. Moreover, when gases are heated, their emjglirogen and that of graphite itselfThe objection comes
sivity can actually drop [21,70], in direct contradictiofSie- up naturally that we have calculated the energy of a body-
fan’s law [18]. Under these circumstances, the answer dancentered metallic lattice only, and that another metaltit: |

be found in the gaseous state. One must turn to condengsgl may be much more stable. We feel that the objection is
matter. justified. Of course it is not to be expected that another sim-

Throughout history, the production of a blackbody spepte lattice, like the face-centered one, have a much lower en
trum [21, 23, 24] has been facilitated by the use of graphéeyy, — the energy flerences between forms are always very
[76-84] or soot. For this reason, even after the formulatiemall. It is possible, however, that a layer-like latticesta
of Kirchhoff’s law, astronomers envisioned that graphite paruch greater heat of formation, and is obtainable under high
ticles floated on the surface of the Sun [2, 3]. Hastings recqgessure. This is suggested by the fact that in most cases of
nized that the solar surface was too hot to permit the exdsteiTable | of allotropic modifications, one of the lattices igda-
of carbon in the condensed state [85]. He noted tBaant- likel...” [88]. The footnote in the text begatiamond is a
ing this, we perceive that the photosphere contains solid walence lattice, but graphite is a layer lattice . .[88].
liquid particles hotter than carbon vapor, and consequentl  With time, Brovman et al. [89] would propose that metal-
not carbon” [85]. As a result, in 1881, he suggested théit hydrogen might be metastable. Like diamonds, it would
“...the substance in question, so far as we know it, has pragquire elevated pressures for formation, but remain stabl
erties similar to those of the carbon grou85]. Hastings low pressures once synthesized. Neil Ashcroft and his group
wanted something which had the physical characteristicshgpothesized that metallic hydrogen might be metastable be
graphite, especially related to emissivity. Yet, the ordgect tween its solid and liquid forms [90, 91].
of graphite which could contribute to its emissive characte  Metallic hydrogen remains elusive in our laboratories (see
istics was its lattice structure. He was indirectly seargtior [39, 92] for recent reviews). Nonetheless, this has not pre-
a material which might share the lattice arrangement knov#hted astrophysics from invoking its existence withirviamo
to exist in graphite (see Fig. 2), but which might likewise bgwarfs and giant planets [93-95], or even in neutron stars
reasonably expected to exist on the surface of the Sun.  [96]. In fact, based on expected densities, temperatunes, a
elemental abundances obtained using the gaseous models for
the solar core, metallic hydrogen has been said to exiseat th
center of the Sun [97-99].

In previous astrophysical studies [93—99], thermal emis-
sion has not guided the selection of the form which metallic
hydrogen would adopt. As a result, they have sidestepped the
B layered graphite-like structure first suggested by Wigmer a
Huntington [88]. Nonetheless, it seems clear that metallic
hydrogen, based on the inferred solar abundance of hydro-
gen [86,87] and extensive theoretical support (see [39®2]

fSetsuo Ichimaru was primarily concerned with nuclear ieastin
high density plasmas [97-99]. His work on the solar core setleon as-
sumptions for the composition of the solar interior [97, Jowdich are de-
rived from the gaseous modet# the Sun . .. the mass density and the tem-
A perature are estimated to be 158 and 1.55x10, respectively. The mass
fraction of hydrogen near the core is said to be 0.36 and thasiass density
Fig. 2: Schematic representation of the layered hexagattitd of metallic hydrogen there is 56.Zg™" [98, p. 2660]. Ichimaru places spe-

found in graphite (adapted from Fig. 1 in [48]). cific emphasis on the Or_1e-Cor_'nponent Plasma (OCP) [97, pp&_]’mD].
He assumed that the lattice points were those of a body+eehteibic [97].
- . The body-centered cubic is a solid structure. Its existevit@n the Sun had
Eventua”y' Cecilia Payne determined that the stars W& been justified beyond inferred densities. Ichimaru&uagptions would
largely made of hydrogen [86] and Henry Norris Russell [8%4ve been easily supported by recent seismological evdehich demon-
extended the conclusion to the SuWwhatever was responsi-strates that the solar core experiences solid body rotédem[50] ang6.5 in
this work). His supposition has important consequenceslfieing nuclear
*See [47] for a detailed discussion on the composition of the S reactions within the Sun (see [44, 48] a§id1 in this work).
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reviews), constitutes an ideal building material for théren
Sun which is appropriate for 21st century thought.

Thus, theoretical condensed matter physics unknowingly
provided astronomy with everything needed to explain the
origin of the thermal spectrum (see Fig.1). Payne and Rus-
sell had determined that the Sun was composed of hydro-
gen [86,87]. Under the enormous pressures which existed in
the solar interior, Wigner and Huntington [88] allowed that
this hydrogen could be converted to the metallic state and
adopt the lattice structure of graphite. Work by Brovman et
al. [89] enabled metallic hydrogen, formed under high pres- ) . . )
sure conditions within the solar interior, to be metastatle'9- 3: Image of the Sun displaying how the intensity of the
the surface. Thermal emission could then result from Iattig'Sk decreases towards the limb [100]. Note this image was de

ibrati 51 . ithin | d tallic hvd scribed as follows,'Sunspot group in context. The diameter of
viora |(_)n3 [21], occurrlng within "?‘yere metaflic NYd®Y  he sun is 100 times larger than the diameter of the Earth.s Thi
much like what occurs with graphite on Earth.

image was recorded with our finder telescope at about the same
In contrast to the gaseous models, where photons tgke as the 15 July images and movies. Target: The Sun; Date:

millions of years to escape from the solar core [9], in a ligs jul 2002” It is reproduced herein thanks to the generosity
uid metallic hydrogen (LMH) Sun, light can be instantly proef the Royal Swedish Academy of Sciences (www.solarphysics
duced at the level of the photosphere, using mechanisms idesa.s¢NatureNov200pressimageseng.html — accessed online
tical to those found within graphite. Complex changes in i8:152013). The SST is operated on the island of La Palma by the
ternal solar opacities are not required [42]. The solar spétstitute for Solar Physics of the Royal Swedish Academy @if S
trum can be explained without recourse to unsuited gases €S in the Spanish Observatorio del Roque de los Muchaxthos
70], imaginary enclosures [9], dismissal of observed cand(® Instituto de Astrofisica de Canarias.

tion [69] and convection [67, 68], the need for local thermal
equilibrium [69], or Kirchhdf’s erroneous law [15, 16]. The
conjecture that solar thermal emission is produced by hydro
gen in the condensed state on the surface of the Sun is simpler
than any scheme brought forth by the gaseous models. Fur-
thermore, it unifies our understanding of thermal emission i
the stars with that of laboratory models on Earth. But most
importantly, it results in the incorporation of a structued-

tice directly onto the photosphere, providing thereby dasbas 0
upon whlch_every other physical aspect of the Sun can be di- Limb Solar Radius Limb
rectly explained — from the presence of a true surface to the

nature of all solar structures. Hydrogen's ability to exist Fig. 4: Schematic representation of the white light intgneriation
condensed matter within the solar body, photosphere, chiéross the solar disk which is responsible for visible liratketning.
mosphere, and corona, appears all but certain. The remairde extent of intensity variation is frequency dependefi]1

of this work should help to further cement this conclusion.

1

Normalized Intensity

2.3.2 Limb Darkening #2 [102], vyhereby the observgd phenomepo_n could _b_e gxplained
by relying on the assumption that radiative equilibrium ex-
According to Father Angelo Secchi, while Galileo denied thsted within the stars. Once again, this was viewed as a great
existence of limb darkening (see Figs. 3, 4), the phenomengamph for gaseous models (see [3] for additional details)
had been well established by Lucas Valérius of the Lincei Arthur Eddington would come to adopt Milne’s treatment
Academy;,”... the image of the Sun is brighter in the centef103] of thelaw of darkenindg9, p. 320-324]. However, all of
than on the edges[1, p. 196, V.1]: these approaches shared a common flaw: they were based on
In 1902, Frank Very demonstrated that limb darkeninge validity of Kirchhdi’s law [15, 16]. Karl Schwarzschild’s
was a frequency dependent phenomenon [101] which heddrivation began with the word8lf E is the emission of a
tributed to scattering in the solar atmosphere and refiectiflack body at the temperature of this layer and one assumes
with carbon particles. that Kirchhgf's law applies, it follows that the layer will ra-
Very's study of solar emission [101] eventually led to thgiate the energy Eadh in every directiof’02, p. 280 — in
law of darkeningnitially developed by Karl Schwarzschildmeadows].
*The second Planckian proof [45] was initially treated in33,40, 42]. Beyond the validity of Kirchh@’s law, these derivations
As nearly perfect absorbers, carbon particles make for ptactors.  sidestepped the reality that clear convection currentstexi
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on the exterior of the Sun [67,68]. Remarkably, just a fesurs naturally within condensed matter [66, 71-73]. Poor
years after publishing his classic derivation of the lawarld conductors tend to have elevated normal emissivities which
ening [103], Milne himself argued that local thermal eduili gradually fall as the angle of observation is decreased (see
rium did not apply in the outer layers of the stars [69]. Arthlrig. 6). This is precisely what is being observed across the
Eddington also recognized that the laws of emission could isolar disk. Good conductors often display lower normal emis
be used to treat the photosphéfighe argument cannot apply sivities, which can gradually increase as the angle of afaser

to any part of the star which we can see; for the fact that wien is decreased, prior to decreasing rapidly as the vigwin
see it shows that its radiation is not ‘enclosedd, p. 101]. angle becomes parallel to the surface (see Fig. 6).

As such, how could Kirchh®'s law be invoked to explain
limb darkening?

To further complicate the situation, any explanation of
limb darkening for gaseous models would once again resur-
rect the solar opacity problem [42]. How could the exterior
of the Sun generate a perfect blackbody spectrum using an
assembly of processes not seen within graphite?

Gas models accounted for limb darkening by insisting
that the observer was samplingfdrent depths within the
Sun (see Fig.5). When viewing the center of the disk, our 0 | T T T T .
eye was observing radiation originating further in theriate
This radiation was being released from a layer which was at
a higher temperature. Hence, by the Wien’s law [17] it apig. 6: Schematic representation of directional spectrassivities
peared brighter. As for limb radiation, it was being prodiicéor non-conductors (A) and conductors (B). Note that in nogtals,
at shallower depths, thereby appearing cooler and darker. the spectral emissivity decreases monotonically with ingvangle.

These ideas were reliant on the belief that the surfaceCginversely, in metals, while the normal emissivity can biestan-
the Sun was merely an illusiona conjecture which will be tiaIIy_ rfeduced, the _emissivity can rise with increasing larfaefore
refuted in§3.1,§3.2,§3.7,§4.3,§4.5,§5.1,§5.2,§5.5,§5.7, Precipitously dropping (adapted from [72]).

§6.1,86.2, and6.3.

-

1

Emissivity (gq)

1
o

Angle (6)

Limb darkening revealed that the solar photosphere was
condensed, but not highly metallicGraphite itself behaves
as an excellent emitter, but only a modest conductor. It can

Teoi L be concluded, based on Figs. 4 & 6, that the liquid metal-
lic hydrogen which comprises the solar surface is not highly
T metallic. The inter-atomic distances in this graphite lity-

hot ered material (a Type-l lattice) would be slightly largeanh

those found in the more metallic sunspots (a Type Il lattice)
as previously described by the author [35, 39, 40].

L

2.3.3 Sunspot Emissivity #3

Fig. 5: Schematic representation of how limb darkening Hared . . . .
in the gas models. When viewing the center of the solar digdjne Galileo viewed sunspots (see Fig.7) as clouds floating very

of sight travels to a greater depth (L), where it reaches ehlatyer Near the solar surface [105]His great detractor, Christoph

in the solar body. Conversely, when the limb is visualizée, ltne  Scheiner, initially saw them as extrasolar material [2]f bu
of sight (L) is restricted to a cooler upper layer. One of tiéaties eventually became perhaps the first to view them as cavi-
of this explanation is that the outer layers of the photospleannot ties [1, p. 15, V. 1]. This apparent depression of sunspots wa
be considered enclosed (i.e. we can see through them wheir wegnfirmed by Alexander Wilson [2] who, in 1774 [106], used
sualized the center of the disk). So, photospheric radiatimld not precise geometric arguments to establish ffecewhich now

bg blackpody, even assuming .that Kircl"ﬂ’mlaw was valid. Ed- bears his name [1, p. 70-74]. In 1908, George Ellery Hale
dington himself had reached this conclusion [9, p. 101]. discovered that sunspots were characterized by intense mag

) ) ) _hetic fields [107]. This remains one of the most far reaching
In the end, the simplest explanation for limb darkemrﬁ;hdings in solar science.

lies in the recognition that directional spectral emidgiaic-

As a side note, Frank Very had suggested [101] that the limkeding
*To this day, astronomy continues to maintain that the Sunfase is of the Sun might be associated with the solar granulations0[B. As will

an illusion, as seen in this text produced by the NationahiSObservatory, be seen ir§2.3.4, the thought was not without merit.

“The density decreases with distance from the surface liglit at last can #The third Planckian proof [45] was initially the 13th line efidence

travel freely and thus gives the illusion of a visible suga§104, p. 4]. [35]. It has been presented, in greater detail, within [445].
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the emissivity of sunspots, gaseous models propose that mag
netic fields prevent the rising of hot gases from the solar in-
terior [104]. Hence, the spot appears cool. But sunspots
can possess light bridges (see Secchi’'s amazing Fig. 33 in [1
p.69, V.1]). These are characterized by higher emisswitie
and lower magnetic fields [111, p.85-86]. The problem for
the gaseous models is that light bridges seeffidat’ above

the sunspot. How could these objects be warmer than the
material below? Must a mechanism immediately be found
to heat light bridges? Sunspots are filled with substrugture
including that which arises from Evershed flow. Such sub-
structure is well visible in Fig. 7. However, gases are uaabl
to support structure. How can a gaseous solar model properly
account for Evershed flow, while dismissing the surface as an
illusion? The problem, of course, remains that all these ill
sions actually are behaving in systematic fashion {&et).
Furthermore, in modern astronomy, the apparent change in
sunspot emissivity towards the limb must be dismissed as a

Fig. 7: Part of a sunspot group near the disk center acquiitbdive | o : L .
Swedish 1-m Solar Telescope [100]. This image has beenitiedcr_Stray light’ effect. But the most pressing complication lies

as follows by the Institute for Solar Research of the Royaé@sh n the reallty that gases are unable to genera_te powerful mag
Academy of SciencesiLarge field-of-view image of sunspots in"€tic fields (se&5.3). They can respond to fields, but have
Active Region 10030 observed on 15 July 2002. The image R&sinherent mechanism to produce these phenomena. Along
been colored yellow for aesthetic reasons Dark penumbral these lines, how can magnetic fields be simultaneously pro-
cores — Observations: Goran Scharmer, ISP; Image prongssiduced by gases while at the same time prevent them from
Mats Lofdahl, ISP; Wavelength: 487.7 nm; Target: AR1003@ising into the sunspot umbra? On Earth, the production of
Date: 15 Jul 2002! This image is available for publication thankﬁ)owerfm magnets involves the use of condensed matter and
to the generosity of the Royal Swedish Academy of Sciencgge flow of electrons within conduction bands, not isolated
(www.solarphys[cs.kva.;ﬂdatureNov200m.res:_5|mage§eng.htm.I gaseous ions or atoms (s&® 3).

— accessed online/$52013). The SST is operated on the islan In contrast to the gaseous models, the idea that the Sun is

of La Palma by the Institute for Solar Physics of the Royal &igale ised of d d it dd Il of th
Academy of Sciences in the Spanish Observatorio del Roqllmsdecomprlse of condensed matler can address all of these com-

Muchachos of the Instituto de Astrofisica de Canarias. plications. The'Wilson Effect’, one of the oldest and sim-
plest of solar observations, can continue to be explaindd wi

out difficulty by using elementary geometry [106], precisely

In addition to the Wilson fect, sunspot emissivity hashecause a true surface can be invoked [45]. The lowered
been found to drop significantly with increasing magnetigmissivity of sunspot umbra, in association with increased
field strength [108, 109]. The magnetic fields within sunspafagnetic field strengths, strongly suggests that sunspets a
umbra are known to have a vertical orientation. Their intefetallic in nature. Langley’s observation that sunsposgs di
sity increases in the darkest regions of the umbra (e.g., [1pfy increased limb emissivity relative to the photosploare
p.75] and [111, p. 80]). Sunspot emissivity has also been It explained as related to metallifexts The increased
pothesized to be directional, with increasing emissivity temissivity and lower magnetic field strength observed withi
wards the limb [111, p. 75-77]. In this regard, Samuel Langht bridges could be explained by assuming that they, like
gley had observedWith larger images and an improved in-the photosphere, are endowed with a Type | lattice [35, 39,
strument, | found that, in a complete ring of the solar suefac40] with lowered metallic properties. Conversely, the de-
the photosphere, still brilliant, gave near the limb abgely creased normal emissivity of sunspot umbra along with their
less heat than the umbra of the spofd12, p.748]. Edwin increased magnetic field strength suggests a more metallic
Frost echoed LangleYA rather surprising result of these ob-Type Il lattice [35, 39, 40] in these structures.
servations was that spots are occasionally relatively watrm  |n sunspots, the electrons responsible for generating mag-
than the surrounding photospher€13]. Today, the appar- netic fields can be viewed as flowing freely within the con-
ent directional changes in the emissivity of sunspots has bguction bands available in metallic hydrogen. This implies
dismissed as due tetray light’ [111, p. 75-77].

Since a gaseous Sun is devoid of a real surface\tile *This is not to say that stray light cannot present problemewéver,

) : : T ese fects should make faculae even less apparent towards theflimb
son Egect’ cannot be easily explained within these bounqg'er highlighting the importance of the increase in emigsiwhich those

Once again, optical depth arguments must be made (e.9. §€ures display (set2.3.5). Definitive answers may come eventually by
[110, p.46] and [114, p.189-190]). In order to account f@kamining large sunspots.
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that the lattice within sunspot umbrae are positioned sb tkt@ese structures caused considerable controversy within a
the hexagonal hydrogen planes (see direction A in Fig.tB®hnomy in the mid-1800s [40], but they have been well de-
are nearly orthogonal to the solar surface (see Fig.8). seribed and illustrated [118-122] since the days of Father
the penumbra, they would be oriented more horizontally, &scchi [1, p.48-59, V.I]. Individual granules have limited
demonstrated by the magnetic field lines in this region. Tlietimes, can be arranged in mesogranules, supergrarmules
accompanying emissivity would be slightly stronger, resubiant cell [40,118-122], and seem to represent a convective
ing in the penumbra appearing brighter. As such, the emisecess.
sivity in layered metallic hydrogen appears to be highly de-
pendent on the orientation of the hexagonal hydrogen planes
Likewise, it has been observed that sound waves travel
faster within sunspots than within the photosphere [118].11
These findings are supportive of the idea that sunspots are
denser and more metallic than the photosphere itself. Tée us
of condensed matter brings with it both structure and func-
tion.

—————
- ~~

.-

Fig. 9: High resolution image of solar granules acquired bgdd
T Henriques on May 23, 2010 using the Swedish 1-m Solar Tele-
scope (SST). Bright granules are surrounded by dark irgetgr
lar lanes which can contain magnetic bright points (§2€3.5).
This image has been described as folloWEhe SST is operated
on the island of La Palma by the Institute for Solar Physicshef
Royal Swedish Academy of Sciences in the Spanish Obséovator
del Roque de los Muchachos of the Instituto de Astrofisec&d-
narias — High resolution granulation — Observer: Vasco Hen-
riques; Image processing: Vasco Henriques Date: 23 May 2010
httpy/www.solarphysics.kva.se (accessed onlifi2013).

Fig. 8: Schematic representation of the appearance of aopair  Though granules are dynamic convective entities which
sunspots on an active solar surface. The horizontal thigkil- /e constantly forming and dying on the surface of the Sun,
lustrates the location of the photosphere, the thin linedagers of they have been found to observe the laws of Aboav-Weaire
metallic hydrogen, and the dashed lines the magnetic fidid.tivo and of Lewis [123-125], along with the perimeter law, for
haded circl tline th iti f ts. In the tquee- - . . ) '
snadec circies oulling e positon of Sunspo's. 1n the Iges space filling structures in two dimensions [126]. That gran-

tion of the figure, the layers of metallic hydrogen are belbevlevel . . .
of the photosphere, but are being pushed up by intercakessits ules can be viewed as crystals was first hypothesized by Cha-

which have entered the gas phase & in [48]). In the upper por- COrnac in 1865 [127]. Clearly, the laws of space filling canno
tion of the figure, the layers of metallic hydrogen have noaken be applied to gases which expand to fill the space of con-
through the photospheric level. The two sunspots are béikgd tainers. They cannot, on their own, restrict the spatial ex-
solely by magnetic field lines, as the metallic hydrogen Wwhince tent which they occupy. The laws of space filling can solely
contained them has vaporized into the solar atmosphere.fifire be observed by materials which exist in the condensed state.
is an adaptation based on Fig. 22 in [115]. Along with thietedy it Adherence to these laws by granules [126] constitutes im-
previously appeared in [52]. portant evidence that these structures are comprised of con

densed matter.

Studies reveal that granules can contaark dots’ at

2.3.4 Granular Emissivity #4 their center, linked téexplosive’structural decay. Rast [128]

When observed at modest resolution, the surface of the g&r? stated that this decggan be better understood if granu

is covered with granules (see Fig."9)The appearance ofcontains an extensive list of references on the subject.

TThis aspect of solar granules will be discussegsri as it is linked to
“The fourth Planckian proof [45] was initially part of the hdline of activity on the solar surface. For the time being, the focillremain on the

evidence [45]. It has been presented, in greater detaihiwf#0] which structural and emissive aspects.
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lation is viewed as downflow-dominated-surface-drivencaty, or brighter appearance, in this instance. The orienta-
vection rather than as a collection of more deeply driven ufien should become more vertical in the intergranular lanes
flowing thermal plumes” These arguments depend on ththereby accounting for their darker appearance. The LMH
presence of a true solar surface. Noever has linked the a@del [35, 39] dispenses with optical depth and variable tem
cay of granules associated with the appearantdask dots’ perature arguments. It elegantly accounts for solar earissi
to the perimeter law alone [126], once again implying thasing a single phenomenon (directional spectral emigsivit
structure determines dynamic evolution. condensed matter) applicable across the full range of solar
Granules are characterized by important emissive chapservations.
acteristics. These structure tend to be brighter at theitece
and surrounded by dark intergranular lanes (see Fig. 9)evh
existence has been recognized by the mid-1800s [40].

In order to account for the emissive properties of granulég,visible light, faculae are dicult to observe at the center
the gaseous models maintain that these structures represethe solar disk, but often become quite apparent towards
convective elements. Hot gases, rising from deep within i limb! Father Secchi noted thefliculty of observing
Sun, emerge near the center of these formations, while coggulae at the center of the disk [1, p.49, V.1] and George
material, held in the dark intergranular lanes, slowly ratgs Ellery Hale commented on the enhanced emissivity of facu-
towards the solar interior. In this case, emissivity isédko |ae towards the limb“The bright faculae, which rise above
temperature changes alone, as dictated by Wien's law [}Ak photosphere, are conspicuous when near the edge of the
This hypothesis rests on the validity of Kirchfis law [15, Sun, but practically invisible when they happen to lie néar t
16, 20-24] and depends upon subtle changes in solar opagéiter of the disk ...1129, p. 85-86]. Solar faculae appear
[42] in adjacent regions of the solar surface. As see$?il o float on the photosphere itself. The structures have long
and§2.2, these arguments are invalid. been associated with sunspots [130]. Wang et al. recently

Within the context of the LMH model [35, 39], granulegostulated that these objects could result from the coiorers
are viewed as an integral portion of the true undulating sa@fsunspots, wherein the horizontal magnetic field conthine
face of the Sun. Their complex radiative properties can Wthin penumbrae makes a transition to a vertical field in fac
fully explained by considering directional spectral envigg. ulae [131]. Faculae are known to possess strong magnetic
As sub-components of the photosphere, the same mecharisiis [132—-134].
invoked to understand limb darkenig§g.3.2 can be used to  The emissivity of faculae as they approach the solar limb
explain granular emissivity. [135] cannot be reasonably explained within the context of

The normal emissivity of these bubble-like structures rthe gaseous models. The accepted scheme, Sphait'gall
mains somewhat elevated. As the viewing angle moves aW}&$6, 137] model is illustrated in Fig.10. When the facu-
from the normatl, emissivity progressively drops in accorfae are at the center of the disk, the observer is able to see
dance with the known behavior of non-metals (see Fig. 6). eeper into the Wilson depression to the flux tlilmer’ [137,
tergranular lanes appear dark, not because they are caalep( 926]. This floor is thought to be at a lower temperature and,
unlikely scenario in the same region of the Sun), but rathatcording to the laws of blackbody emission [15-20], appear
because less photons are observed when the surface beingldtively dark. As for thewalls’ of the flux tube, they are
sualized becomes increasingly coincident with the dioectisaid to sustain elevated temperatures and appear brigimt whe
of emission. In a sense, with respect to thermal emissigompared to the deepéloor’. As the flux tube moves to-
each granule constitutes a mini-representation of the eaaakards the limb, the observer can no longer observéiie’
scopic limb darkening observed across the disk of the Samd one of théhot walls’ becomes increasingly visible. With
(see§2.3.2), an idea first expressed by Very [101]. time, even thathot wall’ disappears. This agrees with obser-

In the LMH model, granules therefore possess a Typation: facular emissivity is initially indistinguishabfrom
| lattice [35, 39], which is somewhat less metallic than thbat of the photosphere at disk center. It then increases and
Type-ll lattice found in sunspots. This is revealed by tleklabecomes bright with respect to the rest of the solar suréece,
of strong magnetic fields associated with granules and by theses objects move towards the limb. Finally, the emissivi
slowly decaying center-to-limb variation in directionahis- decreases precipitously at the limb.
sivity observed on the solar surface ($££3.2). In a man-  To help explain the emissivity of faculae, the gas models
ner analogous to what is observed in sunspots, the emissivggest macroscopic structuresol floors’ and‘hot walls’.
ity of layered metallic hydrogen would imply that the hexagsases are incapable of generating such features. In faculae
onal hydrogen planes are oriented parallel to the solar sfluix tubes are said to be permitting heat from the solar iateri
face at the center of a granules providing higher emisstg-rise into the'hot walls'. Yet, to account for the darkness

8?3.5 Facular Emissivity #5

*Normal viewing occurs when the line of sight is perpendicitathe The fifth Planckian proof, as related to facular emissivitgis initially
surface. presented as the 15th line of evidence [45].
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A serves to emphasize the problems faced by the gas models.
Within the context of the LMH model [35, 36, 39], the
Disk Center Limb — presence of faculae and magnetic bright points on the solar
I I surface are elegantly explained by invoking lattice strret
;g: ;é Since faculae are associated with sunspots [130] and even

thought to be ejected from these structures [131], it is rea-
Cool sonable to propose that they can be metallic in nature (see
Fig. 6), that their structural lattice mimics the type lltie¢

B l l H ll“ found in sunspots, and that they have not yet relaxed back to
the Type-l lattice found in granules. In this case, the krigh
/U\ ness of faculae implies that their hexagonal hydrogen glane

lie parallel to the solar surface. This should account fahbo

emissivity and the presence of associated magnetic fields in
Fig. 10: Schematic representation of Spruitst wall' model [136, these structures.
137]. A) Faculae are represented as depressions in thessoface. In the end, the simplest explanation for the origin for mag-
Depending on the line of sight, the observer will sampleeeith netic bright points may be that they are nothing more than fac
‘cool floor’, or a‘hot wall".  B) When sampling at the center ofy 5 elements. Rising from internal solar regions, theyehav
the solar disk, hshe will only be able to visualize ‘@ool floor’ not fully relaxed from a Type Il to a Type | lattice, but have
whose temperature approaches that of the granuiles on tm’msu'rbeen transported through granular flow to deeper intergran-

Under the circumstances, the faculae are not visible. Heweas lar | Thei ter-to-limb issivit iati
these objects move towards the limb, the line of sight witiatly Y ar lanes. €ir center-to-imb emissivity variationsyma

sample more of théhot wall’ and the faculae appear brighter. Whel/ll rest in the realization that they are hidden from view by
the edge of the Sun is approached, the hot walls can no loregetite granules themselves as the limb is approached. Hence,
readily sampled and the emissivity of the faculae are pesdeio their numbers appear to fall towards the edge of the solar
drop rapidly. disk [138].

.3.6 Chromospheric Emissivity #6
within sunspots, the models had required that field lines % P y

hibited the upward flow of hot gases beneath the umbra ($®bile hydrogena emissions are responsible for the red glow
§2.2.3). of the chromosphere visible during an eclipse, this region o
It is immediately apparent that the emissive behavior jue Sun also emits a weak continuous spectrum [56] which
described within faculae exactly parallels the known rtaia has drawn the attention of solar observers for more than 100
properties of metals, as previously illustrated in Fig. &ci= Yyears [140-147]. Relative to this emission, Donald Menzel
lae possess strong magnetic fields [132—134]. In combimatioted,”. .. we assumed that the distribution in the continu-
with their directional emissivity, this all but confirms tithey 0us chromospheric spectrum is the same as that of a black
are metallic in nature. body at 5700, and that the continuous spectrum from the ex-
In addition to faculae, an extension of Spruit's hot walfeme edge is that of a black body at 4700here is evidence
model has been invoked to explain the presence of magnéti¢avor of a lower temperature at the extreme limb in the
bright points found within the dark intergranular lanestu t Observations by Abbot, Fowle, and Aldrich of the darkening
granules [138]. As the name implies, magnetic bright poirigvards the limb of the Surf142].
are also believed to possess strong magnetic fields [12, 138,The gaseous models infer that the chromosphere has an
139]. Moreover, they display powerful center-to-limb eari average density of10™2 g/cm® [115, p. 32]¢ Despite a 10
tions in their emissivity [138], being most visible at thenee drop in density with respect to the photosphere, these-treat
ter of the solar disk within the dark intergranular lanes. fRents continue to advance that the continuous emissiorin th
the case of magnetic bright points, it is th@or’ which is chromosphere is being produced by neutral H, Rayleigh
viewed as bright, as light is said to originate frdteeper Scattering, and electron scattering (see [145, 146] and, [15
photospheric layers that are usually hottd’38] * p. 151.—157]). But, none of these processes can be found in
The problem rests in the realization that magnetic brighf@Phite (se§2.1 ands2.2).
points are located within the dark intergranmar lanes. Asa fThe sixth Plankian proof [45] was initially presented as26¢h line of
result, in order to explain the presence of locally strongmasvidence [56].
netic fields within these objects, it is hypothesized thaedn “In these models, the photosphere is assumed to have a defnsitg™’

ficient turbulent dynamo transforms into magnetic fieldst p#"mg' while the outer chromosphere has a density- o+ g/cm® [148].
his constitutes an 8 order of magnitude decrease in justvatfeusand

of the kinetic energy of the granUIar ConveCthrl38]' This kilometers. As a point of reference, the density of the Earitmosphere
at sea level is<1.2x 1073 g/cm® [149] or ~10,000 greater than calculated
*These layers were not hotter in Spruit's model [136, 137]. photospheric densities for the gas models.
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Alternatively, within the context of the LMH model, themal spectrum from the photosphere is punctuated with Fraun-
chromospheric continuous emission provides evidence thafer absorption lines (s€§3.7), some mechanism must be
condensed matter exists in this region of the solar atmasphdevised to explain their absence in coronal light. As such,
[56]. This is in keeping with the understanding that continproponents of the gaseous models have proposed that coronal
ous spectra, which can be described using blackbody beHmht is being scattered by highly relativistic electroddp,
ior, must be produced by condensed matter [21-24]. In tii48,157,158]. The Fraunhofer absorption lines are hypoth-
regard, the chromosphere may be viewed as a region of bgized to become highly broadened and unobservable. Rel-
drogen condensation and recapture within the Sun. Thowgivistic electrons require temperatures in the milliohde-
generating condensed matter, the chromosphere is not cgrees. These temperatures are inferred from the line emis-
prised of metallic hydrogen. sions of highly ionized ions in this region of the Sun (see
§3.8). Unfortunately, such a scheme fails to account for the
reddening of the coronal spectrum [156].

In contrast, the LMH model [35, 39] states that the solar

The white light emitted by the K-corona is readily visuatizecorona contains photospheric-like condensed matter (ype
during solar eclipse5Observing from lowa in 1869, William and is, accordinglyself-luminoug57]. It is well-known that
Harknesgobtained a coronal spectrum that was continuoule Sun expels material into its corona in the form of flares
except for a single bright green line, later known as coron@nd coronal mass ejections. It is reasonable to conclude tha
line K1474” on the Kirchhdf scale [151, p. 199]. Eventually,this material continues to emit (s§2.3.8) and may eventu-
it became clear that the continuous spectrum of the K-corgily disperse into finely distributed condensed matter is th
was essentially identical to photospheric emission [158}1 region of the Sun. The reddening of the coronal spectrum
with the important distinction that the former was devoid d¢mplies that the apparent temperatures of the corona are no
Fraunhofer lines. In addition, the spectrum of the K-coro@eater than those within the photospheréhe apparent
appeared to redden slightly with increasing distance fiwen temperature slowly decreases, as expected, with increased
solar surface‘microphotograms for solar distances varyingdistance from the solar surface. The production of highly
from R=1.2s to R=2.6s show that the coronal radiation redionized ions in the corona reflects condensed matter in the
dens slightly as the distance from the Sun is increa§e8ig]. outer solar atmosphere (s§2.3.8,§3.8, and§5.5). As for
The reddening of the K-coronal emission suggested that the Fraunhofer lines, they do not appear on the spectrum of
corona was cooling with increased distance from the soff K-corona owing to insiicient concentrations of absorb-
surfacet ing species exist in this region of the Sun. There is no need to
Within the context of the gas models, the corona is eikvoke scattering by relativistic electrons.
tremely hot and thus, cannot be self-luminous in the visible
spectrum. Rather, these models maintain that coronal whitg.8  Coronal Structure Emissivity #8

light must represent photospheric radiation. But as the the _ o ) )
The corona of the active Sun is filled with structures easily

*Metallic hydrogen requires extreme pressures for formaf89, 92] observed using white-light coronographs [154, 155]ares
which can only exist within the solar body. As a result, thoegndensation [159—162] prominences and coronal mass ejections [163—

is occurring within the chromosphere and corona, the riegufiroducts are
not metallic. Rather, it is likely that chromospheric makis comprised 171]' streamers [172_174]’ plumes [175]' and |00pS [176_

of dense hydrogen wherein molecular interactions betwgeogen atoms 178], can all be visualized in white light.
still persists [92]. Conversely, condensed matter whichideen ejected from The mechanism for generating white-light in this wide ar-
the solar body can be metallic in character and has been gedpo become ray of structures remains elusive for the gaseous models, in

distributed throughout the corona [60]. The solar atmosphan simultane- b he d .. . hich th h hesi
ously support the existence of two forms of hydrogen: chrgpheric non- part because the densities, in which they are hypothesize to

metallic material, like as coronal rain or spicules (§8e#,§5.6 and [53,59]) €exist, are lower thar1071° g/cm? [148]. Moreover, the re-
and coronal material which resembles photospheric Typethliic hydro- |ease of white-light by these structures tends to be exyosi

gen (see2.3.7 and§2.3.8) and [57, 58, 60]) and which can be found in th : ; -
corona and its associated structures &8, §4.6, §5.5, §5.7 and$§6.6 for Fn nature, partICUIarly when flares are involved [179 186]'

complimentary evidence). These phenomena cannot be adequately explained by rely-
TThe seventh Plankian proof [45] was initially presentechasX7th line  ing on gradual changes in opacity [42] or the action of rela-
of evidence [57, 60].
*Yet, the“single bright green line”which had been observed by Hark- ~ $The author has stated that the true energy content of thegtutre
ness would eventually be identified as originating from higbnized iron would correspond to real temperatures in the millions ofrélest The vast
(i.e. FeXIV). Within the gaseous context, the only meansesfagating these majority of this energy is trapped within the translatiodegrees of freedom
ions would involve the presence of extreme temperaturdseicdrona. Con- associated with the fierential convection currents. The conduction bands
versely, the ions could be produced if condensed matter egpobtulated responsible for the solar magnetic fields likewise harnessesof the solar
to exist in this region of the Sun. The origin of highly ionizeons in the surface energy. The apparent temperature6®00K corresponds to the en-
corona constitutes one of the most elegant lines of evidordbe presence ergy contained within the photospheric vibrational degrefefreedom [41].
of condensed matter in this region of the Sun, supportingdea that the IThe eighth Plankian proof [45] was initially presented as 28th line
corona is, in fact, cool (see [60] ag8.8 for a complete discussion). of evidence [58].

2.3.7 K-Coronal Emissivity #7
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tivistic electrons to scatter photospheric light [160, 1834, due to increased path length[193]. Fig.11 presents this
187,188]. Currently, many of these structures are beliéwegohenomenon in X-Ray at 94A, for a somewhat active Sun.
derive their energy from coronal magnetic sources oveglyin
active regions [12]. That is a result having no other means of
accounting for this extensive and abrupt release of energy i
the gaseous Sun [179].

Within the context of the LMH model [35, 39], the white-
light emitted by coronal structures is associated withrthei
condensed nature. Since many of these formations originate
from eruptions taking place at the level of the photosphere,
such a postulate appears reasonable. As a result, coronal
structures should be regardedsa#f-luminous The explosive
increase in white-light is related to powerful lattice \alions
associated with their formation [21]. Long ago, Zo6line89]
had insisted that flares involved the release of pressunized
terial from within the Sun [3]. These mechanisms remain the
most likely, as they properly transfer energy out of the solig- 11: AIA X-Ray image of an active Sun obtained q2§2010

body, not back to the surface from the corona §&4). at 94A displaying limb brightening and surface activity. ighm-
age (20100528130155120094.jpg) has been provided Courtesy
3 Spectroscopic Lines of Evidence of NASA/SDO and the AIA, EVE, and HMI science teams using

) ) ] data retrieval (httg/sdo.gsfc.nasa.g@datgaiahmi).
Though Gustav Kirchhid erred [21-24] relative to his law of

thermal emission [15, 16], his contributions to solar sc&n  \yhen the observer is directly examining the center of
remain unchallenged. Not only was he amongst the firstipy opaque solar disk, weak spectral lines are obtained at
properly recognize that the Sun existed in liquid state§2, 2these frequencies. The lines brighten slightly as observat
but as the father of spectral analysis, along with RobertByfgyes towards the limb, owing to a slightly larger fraction
sen, he gave birth to the entire spectroscopic branch of sgffihe solar atmosphere being sampled (line of sight 2 versus
science [190, 191]. Using spectroscopic methods, Kirehhg in Fig. 12). However, immediately upon crossing the solar
su_ccessfully identified the lines from sodlu_m on the Sun afehb, a pronounced increase in spectroscopic intensityoean
this led to an avalanche of related discoveries, spanning Mg.corded. In fact, it approximately doubles, because ayear
than a century [190, 191]. Indeed, all of the thermal proqfge.-fold greater line of sight is being viewed in the solar at

discussed ig2, are the result of spectroscopic analysis, cefpsphere. This can be understood if one would compare a
tered on the blackbody spectrum observable in visible afjth of sight very near line 3 in Fig. 12 (but still strikingeh
infrared light. It is fitting that the next series of proof®argg)5, disk) with line 3 itself.

spectroscopic, this time centering on line emission of-indi |, this manner. UV and X-ray line intensities can pro-

vidual atoms or ions._ These eight lines of evidence highlighye strong evidence that the Sun possesses an opaque sur-
anew the power of Kirchh®'s spectroscopic approaches.  face at these frequencies which is independent of viewing an

. . gle. Limb darkening is not observed, as was manifested in
3.1 UV/X-ray Line Intensity #9 the visible spectrum (se§2.3.2), in that condensed matter is
The Sun is diicult to study in the ultraviolet (UV) and X-ray not being sampled. Rather, the behavior reflects that gases a
bands due to the absorption of this light by the Earth’s atmgeing monitored above a distinct surface through which UV
spheré€. As a consequence, instruments like the AIA aboasghd X-ray photons cannot penetréte.

NASA's Solar Dynamic Observatory (see Fig.11) are being

used for these observations [192, p.ix]. When the Sunis b2 Gamma-Ray Emission #10

served at these frequencies, striking evidence i,s,pmdu”?q}ccasionally, powerful gamma-ray flares are visible on the
the existence of a real solar surface. Harold Zirin dessrlbqucace of the Sun and Rieger [194] has provided evidence

the findings as follows;The case in the UV is gierent, be- 5 those with emissions10 MeV are primarily visualized
cause the spectrum lines are optically thin. Therefore one

would expect limb brightening even in the absence of tem- A 171A UV image from the quite Sun has been published [1928. 3

perature increase, simply due to the secant increase of pat‘ﬁ Solar Dynamic Observatory website can be accessed &geismat other

. . . frequencies in the ultra-violet (htfsdo.gsfc.nasa.gfatgaiahmi).
length. Although the intensity doubles at the limb, where w *Note that these findings further bring into question theagptdepth

see the back side, the limb brightening inside the limb i$-migrguments that had been brought forth to explain limb danigewithin the

mal ... Similarly, X-ray images show limb brightening signpbaseous models §2.3.3. Should the Sun truly possess a vacuum-like photo-
spheric density of only 10 g/cm?® [148], then the limb should not act as such
*This proof was first presented as the 25th line of evidencg [55 a dramatic boundary relative to the intensity of UV and X-eayissions.
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vance that: . .the anisotropy could result from the mirror-
ing of the charged particles in the convergent chromosgheri
magnetic fields[195, p. 237]. The anisotropy of gamma-ray
emission from high energy solar flares is thought to be gener-
ated by electron transport in the coronal region and magneti
mirroring of converging magnetic flux tubes beneath the-tran
sition region [195]. The energy required for flare generatio
could thereby be channeled down towards the solar surface
from the corona itself. Conveniently, the chromosphere in-
stantly behaves as aglectron mirror’. Devoid of a real sur-
face, another mechanism was createddtas a surface.

Fig. 12: Schematic representation of path lengths preshanhwhe

outer atmosphere (area outlined by dashes) of the Sun (bhaphay) b '_I'he inability to gr;]enerate flarefanlsotrolraly usmt? the m(;st
is viewed from the Earth. Paths 1 and 2 terminate on the sotar £PVIOUS means — the presence of a true photospheric surtace

face. Just beyond the limb, path 3 samples the front and bidek s— has resulted in a convoluted viewpoint. Rather than obtain
of the solar atmosphere, resulting in a two fold increasénia in-  the energy to drive the flare from within the solar body, the
tensity. This figure is an adaptation based on Fig. 2.4 in][282, gaseous models must extract it from the solar atmosphere and
along with this legend, was previously published [55]. channel it down towards the surface using an unlikely mech-
anism. It remains simpler to postulate that the anisotrdpy o
served in high energy solar flares is a manifestation that the
near the solar limb (see Fig. 13)5peaking of Rieger's find- syn has a true surface. The energy involved in flare gen-
ings, Ramaty and Simnett noted tti@amma-ray emitting eration can thereby arise from the solar interior, as postu-
flares are observed from sites located predominantly near fted long ago by Zoliner [189]. In this respect, the LMH

limb of the Sun ...Thisflect was observed for flares demodel [35, 39] retains distinct advantages when compared to
tected at energies0.3 MeV, but it is at energies10 MeV  the gaseous models of the Sun.

that the gfect is particularly pronounced ... Since in both of
these cases the bulk of the emission is bremsstrahlung frgm | ithium Abundances #11
primary electrons, these results imply that the radiatitere

trons (are)strongly anisotropic, with more emission in the diirchhoff’s spectroscopic approaches [190,191] have enabled
rections tangential to the photosphere than in directionag astronomers to estimate the concentrations of many element

from the Suh[195, p. 237]. in the solar at_mo_spheFeApp_Iication of these_methods have
led to the realization that lithium was approximately 140df
less abundant in the solar atmosphere than in meteors [196,
197].

In order to explain this discrepancy, proponents of the
gaseous stars have advanced that lithium must be trandporte
deep within the interior of the Sun where temperatures
>2.6x 10° K are sufficient to destroy the element by convert-
ing it into helium ['Li(p,@)*He] [198]. To help achieve this
goal, lithium must be constantly mixed [198—-200] into the
solar interior, a process recently believed to be facdidy
orbiting planets [201, 202]. Though these ideas have been re

Fig. 13: Schematic representation of approximate flaretiposi futed [203], they highlight the diculty presented by lithium
with >10 MeV of energy on the solar disk displaying their predon&bundances in the gaseous models.

inance near the limb. This figure is meant only for illustratpur- As for the condensed model of the Sun [35, 39], it ben-
poses and is an adaptation based on Fig. 9 in [194] which 8hogfits from a proposal [54], brought forth by Eva Zurek, Neil
be examined for exact flare locations. This figure was prelfou aghcroft, and others [204], that lithium can act to stakiliz
published in [49]. metallic hydrogen [88,92]. Hence, lithium levels could ap-

pear to be decreased on the solar surface, as a metallic hy-

~ The production of anisotropic emission would typicallyrogen Sun retains the element in its interior. At the same
imply that structural constraints are involved in flare prod time, lithium might be coordinated by metallic hydrogen in

tion. Since the gaseous Sun cannot sustain structure,@noill, corona, therefore becoming sequestered and unaeailabl
means must be used to generate this anisotropy. Baseqd PRmission as an isolated atom

theoretical arguments, Ramaty and Simnett consequently ad

This proof was initially discussed in [54]. See [47], for aalled dis-
*This proof was first presented as the eighteenth line of ecel§49].  cussion of how elemental abundances have been estimated.
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In this manner, lithium might be unlike the other elecially in the region of sunspots, that the chromosphere pre-
ments, as these, including helium, are likely to be expellednts an aspect of a very active network whose surface, un-
from the solar interior (se€5.1) as a result of exfoliative equal and rough, seems composed of brilliant clouds analo-
forces [48]. Lithium appears to have a low abundance, bgbus to our cumulus; the disposition of which resembles the
in reality, it is not being destroyed. This would better reteads of our rosary; a few of which dilate in order to form
oncile the abundances of lithium observed in the solar &ttle diffuse elevations on the sidefl, p. 31-36, V.II].
mosphere with that present in extrasolar objects. Cledrly,
lithium is being destroyed within the stars, it become&-di
cult to explain its abundance in meteors. This problem does
not arise when abundances are explained using a LMH model,
as metallic hydrogen can sequester lithium into its lattice

_— Spicules —
Corona

3.4 Hydrogen Emission #12

The‘flash spectrumassociated with solar eclipses character-
izes the chromosphete.The strongest features within this
spectrum correspond to line emissions originating from ex- Intergraniulae

cited hydrogen atoms. As far back as 1931, the outstand- Lane

ing chromospheric observer, Donald H. Menzel, listed more

than twenty-three hydrogen emission lines originatingrfrorig. 14: Schematic representation of spicules overlyirgyittter-
this region of the Sun (see Table 3 in [205, p. 28]). It is thgganular lane on the outer boundary of a supergranule and sur
cause of these emissions which must now be elucidated. Thmded by magnetic field lines emanating from the solarasetf
most likely scenario takes advantage of the condensation Wpile simplistic, this illustration conveys the basic stural ele-

pearing to occur in the chromospheric layer (§6e4 §5.6 ments needed for discussion. This figure was previouslyighdd
and [56, 59]) in [59] and is an adaptation based on Fig. IV-13 in [206, p]162

Chromosphere

Supergranule

By modern standards, the nature of the chromospherere- ) )
mains a mystery, as Harold Zirin reminds tihe chromo- At first glance, spicules are thought to have a magnetic

sphere is the least-well understood layer of the Sun’s atnfigin, as these fields seem to flood the chromosphere [148,
sphere...Part of the problem is that it is so dynamic and-trah>0, 206-215]. In reality, matter within the chromosphere
sient. At this height an ill-defined magnetic field dominat&§ems to form and dissipate quickly and over large spatial
the gas and determines the structure. Since we do not krfgient, With spicules reaching well into the corona [148),15
the physical mechanisms, it is impossible to produce a re&6-215]. The random orientation which spicules display,
istic model. Since most of the models ignored much of & hoted long ago by Secchi [1, p.31-36, V. 1I], along with
data, they generally contradict the observational datap-Tytheir velocity profiles (se€5.6), should have dispelled the
ical models ignore other constraints and just match only tfglief that these structures are magnetic in origin. Rather
XUV data; this is not enough for a unique solution. It reh€y appear to be products of condensat§ig).
minds one of the discovery of the sunspot cycle. While most!f spicules and chromospheric matter are genuinely the
of the great 18th century astronomers agreed that the suns gduct of condensation reactions, then their mechanism of
occurrence was random, only Schwabe, an amateur, took ipgnation might shed great light into the emissive nature of
trouble to track the number of sunspots, thereby discogeriiis solar layer.
the 11-year cycleT193]. But if mystery remains, it is resul-
:zztsoljrt]he denial that condensed matter exists in this lafer 4 1 1o Liquid Metallic Hydrogen Solar Model

The chromosphere is characterized by numerous striibe search for answers begins by considering condensation
tural features, the most important of which are spicules (§&rocesses known to occur on Earth [59].
Fig. 14) [59, 150]. Even in the mid-1800s, Secchi would pro- In this respect, while studying the agglomeration of sil-
vide outstanding illustrations of these objects (see Phatever clusters, Gerhart Ertl's (Nobel Prize, Chemistry, 2007
in [1, V. 11]). He would discuss their great variability in bo |aboratory noted thatExothermic chemical reactions may
size and orientatiort]n general, the chromosphere is poorlybe accompanied by chemiluminescence. In these reactions,
terminated and its external surface is garnished with fésgthe released energy is not adiabatically damped into thet hea
... It is almost always covered with little nets terminatad bath of the surrounding medium but rather is stored in an ex-
a point and entirely similar to hair ... it often happens, esp

fWhile non-magnetic, spicules might nonetheless be confiyetag-
“This proof was first presented as the seventeenth line oéee@[47, netic fields present in the charged plasmas or coronal ricehgiirogen that
59]. surrounds them, much as illustrated in Fig. 14.
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cited state of the product; decay from this excited statb¢o t3.4.2 The Gaseous Solar Models
round state is associated with light emissid@16]. L . .
g Th i fint ¢ . Id i 3 q ]Th hTl'he situation being promoted §8.4.1, concerning hydrogen
€ reactions ohinterest are seldom studied. Thos€ Whiel), o icqion in the chromosphere, is completely unlike tha
must arouse attention involve the condensation of two silve

: . currently postulated to exist within the gaseous Sun [59]. |
fragments and the formation of an activated cluster SPECiES yp 9 [58]

AGh + Agm — Ade.. [216]. With respect o the chromo- e gas models, line emission relies on the accidentalaxcit

sphere, the important features of these reactions invblee gon of hydrogen through bombardment with either photons
pnere, P . . r electrons [206, p.2]. The process has no purpose or rea-
realization that condensation processes are exothermic.

; .~ son. Atoms are randomly excited, and then, they randomly
When silver clusters condense, energy must be dissipatgl;
thrc_Ju_gh light emission. This co_nst_itutc_es a vital clue i_n €%~ przybilla and Butler have studied the production of hy-
plaining why the chromosphere is rich in hydrogen emissigp,en emission lines and the associated lineshapes in the
lines [59, 205]. Once an activated cluster is formed, it C3seous models. They reached the conclusion that some of
relax by ejecting an excited atom: fg, — Agmin-1 + AG".  the hydrogen emission linésollisionally couple tightly to
The reactions are completed when the ejected excited SPeg{g continuumT221]. Their key source of opacity rests with
emits light to reenter the ground state:"Ag Ag + hv. the H ion, which has previously been demonstrated to be in-
Taking guidance from the work in metal clusters [216¢apable of providing the desired continuous emission [42].
hydrogen emission lines in the chromosphere might be segincourse, it is impossible técollisionally couple tightly
as produced through the condensation of hydrogen fragmegShe continuum’[221] in the gaseous models, as the con-
Hn + Hm — H,, . The resultant condensation product coulghyum originates solely from opacity changes produced by
then relax through the ejection of an excited hydrogen atogp, array of processes [42]. In the chromosphere, where av-
Hiwin = Hmeno1 + H*, which finally returns to a lower energyerage densities are postulated to be extremely loh0(*®
state with light emission, H— H + hyv. This could give rise g/cm? [148]), continuous emission is thought to be produced
to all the Lyman lines (M > 1 —N; =1). If one postulates py peytral H, H, Rayleigh scattering, and electron scatter-
that the excited hydrogen atom can hold its electron in agy (see [145, 146] and [150, p. 151-157]). Clearly, it is not
excited orbital N >2, H™, then the remaining complemenhgssible to tightly couple to all of these mechanisms at once

of hydrogen emission lines could be produced H H* + hv Przybilla’s and Butler's computations [221] involve con-
(Balmer N, > 2 —N; =2, Paschen series;N- 3 - N1 =3, sjderation of line blocking mechanisms and associated-opac
and Brackett series\N> 4 — Ny =4). ity distribution functions [222]. Stark line broadening che

But since the chromosphere is known to possess spicld@égsms must additionally be invoked [223].
and mottles [148, 150, 206-215], it is more likely that hy- Beyond the inability of gases to account for the contin-
drogen is condensing, not onto a small cluster, but rathgsus spectrum and the shortcomings of solar opacity calcu-
onto very large condensed hydrogen structures, CHS*[5%tions [42], the central problem faced in trying to explain
The most logical depositing species in these reactionsavokydrogen emission and the associated line shapes rests in th
be molecular hydrogen, as it has been directly observedsitark mechanisms themselves. Stark line broadening relies
sunspots [217,218], on the limb [219], and in flares [218]pon the generation of local electric fields near the engjttin
Importantly, the emission from molecular hydrogen is gartinydrogen atom. These fields are believed to be produced by
ularly strong in chromospheric plages [220], providing-fufons or electrons which come into short term contact with the
ther evidence that the species might be the most approprigtétting species [223]. On the surface at least, the approac
to consider. seems reasonable, but in the end, it relies on far too many

As aresult, itis reasonable to postulate that molecular Iparameters to be useful in understanding the Sun.
drogen could directly interact with large condensed hydrog  In the laboratory, Stark broadening studies usually cen-
structures, CHS, in the chromosphere [59]. The reaction ter uponextremely dense plasmasith electron numbers ap-
volved would be as follows: CHS$ H, — CHS-H,. This proaching 18" cm=3 [224]. Stehlé, one of the world’s preem-
would lead to the addition of one hydrogen at a time to largreent scientists relative to Stark linewidth calculatid@23,
condensed structures and subsequent line emission from22®, 226], has analyzed lineshapes to infer electron nusnber
ejected excited species; H»> H + hv. Numerous reactionsranging from 18° to 10t” cm3 [227]." She initially assumes
could simultaneously occur, giving rise to the rapid groofth that plasmas existing within the chromosphere10,000K)
chromospheric structures, accompanied with significghtli have electron numbers in the@m range [223]. Other
emission in all spectral series (i.e. Lyman, Balmer, Pasche
and Brackett).

fWhile the vast majority of plasma studies report electronsites in
the 137 cm™3 range, the He I studies range from'¥@m=3 to 107 cm3
[224]. The lowest electron numbers,’2@m3, are produced using arc dis-
*Chromospheric condensed hydrogen structures, CHS, &g tix be charge low density plasma settings. However, these cowd liide rele-
composed of extremely dense condensed matter whereinuaéydrogen vance in the Sun, as arc experiments rely on the capacithahalige of large
interactions linger [92]. voltages. They do not depend on fluctuating electromagfietis [228].
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sources call for much lower values. For instance, electrexperimental shortcomings. Spatially aligned electrild§e
numbers of~10® m=2 (or ~10'° cm3) are obtained from cannot exist throughout the spicular region of a fully gaseo
radio measurements by Cairns et al. [229] and of no ma®ar atmosphere, lone electrons are unlikely to produee th
than ~10' m™3 (or ~10° cm™3) are illustrated in Dwivedi desired electric fields, and atoms such as argon have éttle r
Fig. 3 [157, p. 285]. Stark experiments on Earth typically utevance to hydrogen. In any case, given enough computational
lize electron numbers which are approximately 1-100 nmillidlexibility, any lineshape can be obtained, but opacity @bns
times greater than anything thought to exist in the chromerations remain [42].
sphere.
_A minor_ objection to the use _of St_ark broadening to ex-4 3 Summary
plain the width of the hydrogen lines in the gaseous models
rests on the fact that the appropriate experiments on hydks-just mentioned ir§3.4.2, Stark experiments involve elec-
gen plasma do not exist. The plasma form of hydrogen (H tipn densities far in excess of anything applicable to tharso
is made of protons in a sea of electrons. It lacks the valerakgomosphere. Using the same reasoning, it could be argued
electron required for line emission. The closest analoguetiiat metallic hydrogen has not been created on Earth [39,92]
excited hydrogen in the Sun would be ionized helium in tiéhe criticism would be justified, but this may be simply a
laboratory [224], although ionized Argon has been used foiatter of time. Astrophysics has already adopted these ma-
the H3 profile [227] terials in other settings [93—96] and experimentalistyate
However, the most serious problem rests in the realizating ever closer to synthesizing metallic hydrogen [39, 92]
that these methods are fundamentally based on the presdigeSun itself appears to be making an excellent case that it
of electric or electromagnetic fields in the laboratory. ier is comprised of condensed matter.
stance, the inductively produced plasmas analyzed byé&tehl Unlike the situation in the gaseous solar models, where
[227] utilize discharges on the order of 5.8 kV [227]. Inhydrogen emission becomes the illogical result of random re
ductively produced plasmas involve directionally-ostitig actions, within the context of the liquid hydrogen model, it
electromagnetic fields. Spark or arc experiments utiliaticst can be viewed as the byproduct of systematic and organized
electric fields to induce capacitive discharges acrossggeluarprocesses (seg3.4.1). An underlying cause is associated
plates. In every case, the applied electric field aakstinct with line emission, dissipation of the energy liberated-dur
orientation Such conditions are flicult to visualize in a ing condensation reactions. The driving force is the raegapt
gaseous Sun, particularly within the spicules (§8et and of hydrogen through condensation, leading ultimately $o it
§5.7), given their arbitrary orientations. Random field nrie re-entry into the solar interior. This tremendous advaatag
tations are incapable of line broadening, as well undedstazannot be claimed by the gaseous models.
in liquid state nuclear magnetic resonance. Pressure (or collisional) broadening can be viewed as the
Stark broadening requires constraints on the electric. fiefdost common mechanism to explain line broadening in spec-
In the gaseous models, these must take the form of a chargesicopy. This mechanism can be invoked in the condensed
particle which approaches, precisely at the correct momenodel, because the atmosphere therein is not devoid ofimatte
an emitting species. The use of such mechanisms to accdaees$2.3.6,§5.4,85.5,§5.6,§6.6 and [56, 58, 59]).
for chromospheric line profiles is far from justified. But, as It is possible that line broadening is occurring due to di-
the gaseous models cannot propose another explanationrest-interaction between the emitting species and condense
erything must rest on Stark mechanisms, however unlikdélydrogen structures in the chromosphere. In this case; emis
these are to be valid in this setting. sion would be occurring simultaneously with the ejection of
In the end, it is not reasonable that matter existing at thgdrogen. Under the circumstances, hydrogen line shapes
concentration of an incredible vacuum1(0° g/cm?® [148]) may be providing important clues with respect to the interac
could be Stark broadened, given the extremely low electriéen between molecular hydrogen and larger condensed struc
numbers associated with the chromosphere [157,229]. Cdufes in the chromosphere. If Stark broadening mechanisms
putations have merely extended ooipservational rangeto play any role in the Sun, it will only be in the context of con-
electron numbers never sampled in the laboratory. Accgrdensed matter generating the associated electric field.
to the gas models, the chromosphere is a region of extremely
low density, but high density plasmas must be studied to éh> Elemental Emission #13

able Stark analysis. Then, while the results of Stark broadgeyond hydrogen, the solar chromosphere is the site of emis-

ing calculations appear rigorous on the surface, they @ontgion for many other species, particularly the metals of the
*The use of argon to represent hydrogen immediately sugthegthese main grOl_Jp _and tran.smon eIeme_ﬁtsFor gaseous models,

methods are not relevant to the Sun. Unlike hydrogen, arganvhlence th€Se emissions continue to be viewed as the product of ran-

shells containing up to 18 electrons. This many electrofmenaeither ion- dom events (se§3.4.2). However, for the LMH model, con-
ized or polarized, presents an analogue with little or nemdsance to hy-
drogen and its lone electron. "This proof was first presented as the thirtieth line of evidef59].
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densation remains the focu$3(4.1), but this time with the §3.6 and§4.7).
assistance of the hydrides. When sampling the solar atmosphere, electron densities
The solar disk and the sunspots are rich in hydrides @ppear to rise substantially as one approaches the phetesph
cluding CaH, MgH, CH, OH, KO, NH, SH, SiH, AlH, CoH, (see [229]and [157, p.285]). Hence, the lower chromosphere
CuH, and NiH [230, 231]. CaH and MgH have been knowis somewhat electron rich with respect to the upper regiéns o
to exist in the Sun for more than 100 years [232]. Hydrogémis layer. Thus, in the lower chromosphere, condensagion r
appears to have a great disposition to form hydrides and thisions involving the ejection of atomic hydrogen and redutr
is important for understanding the role which they play & ttatoms can abound. As the altitude increases, a grefiter a
chromosphere. ity for electrons arises and condensation can now be facili-
At the same time, the emission lines from Call and Mgtated by species like as the metal hydrides, which can delive
are particularly strong in the chromosphere [206, p. 363}36two electrons per hydrogen atomThis explains why Call
These represent emissions from the” @ad Mg’ ions. Yet, lines in the chromosphere can be observed to rise to great
the inert gas configurations for these atoms would lead ondneaghts [193].
believe that the C& (Calll) and Mg (Mglll) lines should At the same time, lines from neutral metals, M, are more
have been most intense in the chromosphere. As such, whyrisvalent in the lower chromosphere [193]. Since this area
the Sun amplifying the Call and Mgll lines? Surely, this catis electron rich, a two electron delivery system is unneces-
not be a random phenomend3(4.2); as these should havesary and reactions of the following form can readily occur:
led to the buildup of the most stable electronic configuratiol) MH + CHS — CHS-HM*, 2) CHS-HM — CHS-H +
The answer may well lie in reconsidering the condengd*, and 3) M — M + hv. In this case, only a single electron
tion reactions presented §8.4.1, but this time substitutinghas been transferred during hydrogen condensation.
CaH for molecular hydrogen. It should be possible for CaH Perhaps, it is through the examination of linewidths that
and a condensed hydrogen structure, CHS, to interacttherde most interesting conclusions can be reached. The emis-
forming an activated complex, CHS CaH — CHS-HC4. sion lines of Hy, Ca, and Mg from spicules are very broad,
This complex could then emit a Call ion in activated stateuggesting a strong interaction between CHS and the ejected
Ca', and capture the hydrogen atom: CHS-HEaCHS-H atoms, in association with ejection and light emission {234
+ Ca™*. Finally, the emission lines from Call would be pro236]. In contrast, spicule emission linewidths froms,HHy,
duced, as Cd (Call") returns to the ground state: Ca— He, the D3 line from He, and the neutral line from oxygen
Ca" + hv. As was the case when discussing the condensatipg all sharp [234]. One could surmise that the interaction
of molecular hydrogen§@.4.1), if one permits the electronsbetween these species and condensed hydrogen structires ar
within the excited state of Call to initially occupy any eleoweaker upon ejection.
tronic orbital, Calt*, then all possible emission lines from |t is reasonable to conclude that the hydrides play an im-
Call could be produced: Ca — Ca™ + hv. A similar portant role in facilitating condensation within the chiom
scheme could be proposed for MgH and the other metal Rhere [59]. Hydrides enable the delivery of hydrogen in a
drides, depending on their relativiiaity for CHS. systematic manner and, most importantly, either one or two
There is an important distinction between this scenae{ectrons, depending on the electron densities preserfteon t
and that observed with molecular hydrogg8.¢.1). When local level. Such an elegant mechanism to account for the
metal hydrides are utilized in this scheme, the condensatjgrevalence of Call and Mgll in the chromosphere cannot be
reactions are delivering both a proton aeb electrons to achieved by other models. Moreover, unlike the LMH model,
the condensed hydrogen structure. The reactions involvihg gaseous models take no advantage of the chemical species
molecular hydrogen delivered a single electron. This @ger known to exist in the solar atmosphere.
ing difference can help to explain the varying vertical extent
of the chromosphere when viewed ivHCall, or Hell (see 3.6 Helium Emission #14

*Here is a brief list of interesting ions and the ionizatioreies The analysis of helium emission in the chromosphere may
required for their production: HH 13.6 eV; Hell=24.6 eV; Helll= 54-4eV(;j well provide the most fascinating adventure with regard to
Mgll =7.6eV; Mglll=15.0eV; Call=6.1eV; Calll=11.8eV an P : : g
FeXIV=361eV [233]. In this respect, note how the first ionized forr;[lh.e spectros_cop|c lines Qf eV|dgnEeTh|s stands ag flttlng
of helium, Hell, requires 24.6eV for its production. The geation of tribute to helium [47], as it was f'_rSt Obs_erved to QXISI onthe
many triplet forms of orthohelium Helwill demand energies of20eV. Sun [237,238]. These seminal discoveries exploited the-pre
To remove two electrons from calcium yielding Calll (thetd&aCa < ion) ence of helium within prominences and the disturbed chro-
only requires 11.8 eV. As a result, how can the gas modelsuatdor the : _
presence of Call lines at high altitude on the Sun (5-10,0@) kvhen this mosphere [239' 240]' Astronomers would come to view so
ion only requires 6.1 eV for production? If such powerful Had Hef can lar helium as extremely abundant [241, 242], but these con-

be observed, why is Calll, which requires only 11.8 eV forgeneration

and has the inert gas, [Ar], configuration, not the prefefoenh of calcium? fAs will be seen ing3.8, it is envisioned that the corona of the Sun is
This provides a powerful clue that the presence (or absefee) individual harvesting electrons.
ion on the Sun is related to chemistry and not to temperature. *This proof was first presented as the 32nd line of evidenck [61
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clusions have been challenged and may need to be revisitedDuring the eclipse of March 29, 2006, the triplet D3 line
[47,48,61]. There is considerable reason to conclude tigat was carefully examined. It appeared to have a binodal d#itu
solar body is actively ejecting He from its interior [47,48] distribution with a small maximum at250 km and a stronger

Though helium can be found in spicules [193] and promiaximum between 1300-1800km (see Fig. 6 in [244]). This
nences, it is diicult to observe on the solar disk. It can bbimodal distribution was not always observed (see Fig.7 in
readily visualized in the chromosphere where the spatial §244]). But generally, the D3 line is most intense at an alti-
tent of the 30.4 nm Hell emission lines can greatly excetdie of~2,000 km, with an emission width of approximately
those from H (see the wonderful Fig.1 in [243]). With1,600km. The triplet D3 lines show no emission near the
increased solar activity, helium emission can become pphotosphere.
nounced in the solar atmosphere (see Fig. 15 and [244]). Within the context of gaseous models, it is extremely dif-
ficult to account for the presence of excited Hel tripletesat
in the chromosphere. Helium require0eV to raise an
. & electron from the M1 shell to the N-2 shell. How can exci-

W i : tation temperatures in excess of 200,000K be associatéd wit

2000 0 a chromosphere displaying apparent temperatures of 5,000-
10,000K, values not much greater than those existing on the
photosphere?

Therefore, since proponents of gaseous models are unable
to easily account for the powerful D3 line emission, theyeéhav
no choice but to state that helium is being excited by coronal
radiation which has descended into the chromosphere [244,
246]. In a sense, helium must lectively heatedby the
corona. These proposals strongly suggest that the gaseous
models are inadequate. It is not reasonable to advance that

Fig. 15: Image of consecutive years in the solar cycle tak8R element can be selectively excited by coronal radiation,
in the Hell line at 30.4 nm. NASA describes this imagé”d this over its many triplet states. At the extreme, these

as follows, “An EIT image in the 304 Angstrom wavelengttschemes would imply that coronal photons could strip away
of extreme UV light from each year of nearly an entire sa@ll electrons from chromospheric atoms. Yet, even linesifro

lar cycle”. Courtesy of SOH@EIT] consortium. SOHO is nheutral atoms are observéd.

a project of international cooperation between ESA and NASA On the other hand, helium emissions can be easily under-

(http;/sohowww.nascom.nasa.ggalleryimagegcycle002.html — stood in the LMH model [35, 36, 39], if attention is turned

Accessed on/2(2013). toward condensation reactions believed to occur within the
chromosphere (se§3.4,§3.5 and [59, 61]).

In the chromosphere, the helium which gives rise to emis- . . .
Lo . In this respect, it must be recognized that the famous he-
sion lines can possess both of its electrons (Hel) or lose,an . . s -
. llim hydride cation (HeH) “is ubiquitous in discharges con-
electron to produce an ion (Hell). Hell resembles the hydrg- . .
o ) . . .. taining hydrogen and helium[247].
gen atom in its electronic configuration. However, the situa _. . .
! . : —_First discovered in 1925 [248], HeHhas been exten-
tion concerning Hel can be more complex. When this species : .
L ) o Sively studied [249, 250] and thought to play a key role in
exists in the ground state, both of its electrons lie in thetS . . .
. ; T } . .certain astrophysical settings [251-253]. In the laboyatts
bital (N=1) with their spins antiparallel, as dictated by Pauli’s . )
. L ! ! .~ Spectral lines were first observed by Wolfgang Ketterle (No-
exclusion principle. In the excited state (i.e. 1 electmthie bel Prize, Physics, 2001) [254, 255]. The author has previ
N=1 shell, and the second electron in any of thelNshells), » FTYSICS, ’ ' P

helium can exist either as a singlet (parahelium — spins qusly noted,"Although it exists only in the gas phase, its

. ) : rensted acidity should be extremely powerful. As a result,
maining antlparallel fo one another) orasa triplet (Orﬁ.}o"‘he hydrogen hydride cation should have a strong tendency
I|um_— Spins assume a parallgl configuration). Inter(_esy,ng o donate a proton, without the concerted transfer of an-elec
the line emissions from the triplet states of orthohelium ¢

. . fron [61].
be qung strong on the limb of the _Sun. o Turning to Fig. 16, it appears that the action of the helium
For instance, a well-known triplet Hel transition occur

at 1083 nm (10830A) which is barely visible on the disk, bﬁyd”de cation, Het, can lead to a wide array of reactions

it is nearly as intense asdHon the limb [245, p. 199_200].Wlthln the chromosphere. These processes are initiatdd wit

At the same time, the Hel triplet D3 line at 588 nm can h@the disk [245, p. 199-200].

enhanced 20 fold when visualization moves from the disk to "1ev=11,600K ; 20 e\=232,000K.

the limb [245, p. 199-200]. Selective excitation was also used to account for the eamisines
from molecular hydrogen [220]. But it is more likely that #eereflect the
*Lines from neutral helium can be enhanced 50 fold on the lietdtive ~ delivery of a hydrogen cluster (s§8.4.1) with H; rather than M expulsion.
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its transfer to condensed hydrogen structures, CHS, feelieveactions (namely: CHS-HHe— CHS-H" + He*). Expul-

to be be forming (se€2.3.6, §3.4, §3.5, §3.7, §5.4, §5.6, sion of an activated helium atom (Hecan lead to two condi-

§6.6) in this region of the solar atmosphere. As was the ca®ms, depending on whether the electrons within this gseci

with hydrogen §3.4) and elementagB.5) emission lines, ev-are antiparallel (parahelium) or parallel (orthohelium).

erything hinges on the careful consideration of condeosatiWithin helium, the excited electron is allowed by selection
rules to return to the ground state, if and only if, its spin is

HeH*+ CHS —— CHS-H-He** ——» CHS-H + He*+ opposed to that of the ground state electron. As a resul, onl
3\ parahelium can relax back to the ground state* HeHe +
He hv. This leads to the Hel lines from singlet helium.
H* g hv . . e .
N He Hel As for the excited orthohelium, itis unable to relax, as its
Hel?inglet N4 CHs-H* emission two electrons have the same spin (either both spin up or both
emission He* spin down). Trappedin the excited state, this species can at

once react with hydrogen, forming the excited helium hyelrid
molecule, which, like the helium hydride cation, is known to
exist [256,257]: H&+ H — HeH".
Excited helium hydride can react with CHS in the chro-
Hell*# CHs ——3 ‘CHBFIFIe — CHS-H+ Fe™ mosphere, but now resulting in a doubly activated complex:
CHS + HeH" — CHS-H-He™*, wherein one electron remains
; . in the ground state and the other electron is promoted beyond
He*  Hel triplet the 2S shelt. To relax, the doubly excited Heatom, must
(ortho)  emission permit an electron currently in the 2P or higher orbital,ge r
turn to the 2S or 2P orbitals.
The helium 3 line would be produced by a®B—23P

Fig. 16: Schematic representation of possible pathwayshiad

when the helium hydride ion, Hellor the excited helium hydride .. 3 L7 .
molecule, HeH, react with condensed hydrogen structures, CHS,Hrr?nsmon [245, p. 95]. TheP—2°S transition is associated

the chromosphere of the Sun. The pathways presented caDMCcW'th the strong triglet He I_Ii_ne at 10830A [245’_ p. 95]. ALt_er
for all emission lines observed from He | and He . Note insthinatively, a 3P—2°S transition produces the triplet He |l line

scheme that excited helium, Hés being produced initially through at 3890 A [245, p. 95].
the interaction of He# with CHS. This excited helium, Heif it Importantly, since excited orthohelium cannot fully relax
assumes the triplet state (orthohelium — electrons in theesari- back to the ground state, it remains available to recondense
entation: spin ufup or dowridown), will become trapped in excitedwith atomic hydrogen in the chromosphere. This results in
state. This triplet helium can then be used repeatedly,dhiaciash- its continual availability in the harvest of hydrogen. A bgc
ion, to condense hydrogen atoms onto chromospheric sta;tunrocess has been created using orthohelium)(Hée prim-
CHS (as shown in the lower half of the figure). Alternatively, i of this cycle had required but a single instance where hy-
gxmted helium He_ls initially prc_)duce_d |r_1 the_ singlet state (.pa.rahedrogen was transferred to CHS by HeHwithout the com-
lium — electrons in dierent orientation: spin ygown), emission -

plementary transfer of an electron (top line in Fig. 16k

can immediately occur generating the singlet lines from .Hehis ) . :
scheme accounts for the strong triplet He | transition aB008ob- IS manner, much like what occurred in the case of molecu-

served in the flash spectrum of the chromosphere. Unlikeithe 1 hydrogen$3.4) and the metal hydride$g.5), the body of
uation in the gas models, random collisional or photon exicins the Sun has been permitted to recapture atomic hydrogen lost
are not invoked to excite the helium atoms. De-excitatimtesses to0 its atmosphere. It does not simply lose these atoms wiithou
would also be absent, helping to ensure the buildup of trigilte  any hope of recovery [59, 61, 62].
orthohelium in this model. This figure, along with its legemds Within the LMH model, the prominence of the helium
previously published in [61]. triplet lines can be elegantly explained. They result frow t
systematic excitation of helium, first delivered to condshs
FirSt, HeH and CHS react to form an activated Compleﬁydrogen structures by the helium hydnde cation (le‘d{
CHS+ HeH" — CHS-H-He™. If the expulsion of an excited well-known molecule [247—254] and strong Brensted acid.
helium ion (He™) follows, full transfer of a proton and anThe generation of triplet state excited helium can be erplii
electron to CHS will have occurred (top line in Fig. 16). Thg 3 systematic fashion and does not require unrealistie tem
resulting He™ would be able to relax back to a lower energyeratures in the corona. It is not an incidental artifact pro

state through emission, leading to the well known He Il linegyced by improbably selective excitations generated using
in the chromosphere (top right in Fig. 16).

Alternatively, when HeH reacts with CHS, the expulsion *The possibility that H& could have no electrons in the ground state is

. . : ;- not considered.
of an excited helium atom (Hcould follow (see Fig. 16) in- "The production of Call emission lines from CaH had resultethi

volving the transfer of a proton_— but no eIectron.— to theansfer of two electrons per hydrogen atom (§8&). This can help keep
CHS. As a strong Bransted acid, Heldhould permit these charge neutrality in condensation reactions involving HeH
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coronal photons. Organized chemical reactions govern #ral glaring exception to the general rule. The hydrogendine

behavior of helium in the Sun, not random events. of the Balmer series, and, as Babcock has recently shown, of
_ the Paschen series as well, are very strong in the Sun, though
3.7 Fraunhofer Absorption #15 the energy required to put an atom into condition to absorb

When examined under high spectral resolution, the visiBf¥S€ Series is, respectively, 10.16 and 12.04 volts — highe
spectrum of the Sun is punctuated by numerous absorpffdan for any other solar absorption lines. The obvious expla
lines, which appear as dark streaks against a brighter bde&lion — that hydrogen is far more abundant than the other
ground: These lines were first observed by Wiliam Hyd§!éments — appears to be the only o7, p. 21-22]. _
Wollaston in 1802 [258]. They would eventually become !N the photospheric spectrum, the hydrogen absorption
known asFraunhofer linesafter the German scientist whdN€S are so intense that the observer can readily garnar dat
most ably described their presence [259]. Fraunhofer lif@M the Lyman (N1 — N=2 or higher), Balmer (N2 —

can be produced by manyfiirent elements. They manifesti=3 or higher), Paschen ¢8 — N=4 or higher), and Brack-
the absorption of photospheric light by electrons, corein€tt (N=4 — N=6 or higher) series [87, 205, 260-264].

within gaseous atomic or ionic species above the photospher The central questions are three fold: 1) Why are the hy-
which are being promoted from a lower to a higher ener§jgen lines broad? 2) Why does hydrogen exist in excited
level. state as reflected by the Balmer, Paschen, and Bracket? lines

In 1862, Kirchhdf was the first to argue that the Fraun@nd 3) Why is the normal quantum mechanical distribution of
hofer lines provided evidence for a condensed solar Binly, the Balmer series distorted as first reported by Unsold][260
order to explain the occurrence of the dark lines in the solar N the gaseous models ftiirent layers of the solar atmo-
spectrum, we must assume that the solar atmosphere inclG$¥¥re have to be invoked to account for the simultaneous
a luminous nucleus, producing a continuous spectrum, &seénce of Lyman, Balmer, Paschen and Brackett line pro-
brightness of which exceeds a certain limit. The most prolf4€s in the solar spectrum [261-264]. Once again, as when
ble supposition which can be made respecting the Sun’s cBfldressing limb darkening (s¢&.3.2), the models have re-
stitution is, that it consists of a solid or liquid nucleugaied CoUrse to optical depth [261-264]. These approaches fail to
to a temperature of the brightest whiteness, surroundechby@f€guately account for the production of the excited hydro-
atmosphere of somewhat lower temperatuf@30, p.23]. ~ 9en absorption. _ .

Amongst the most prominent of the Fraunhofer lines are AS noted in§3.4, in the setting of the LMH model, ex-
those associated with the absorption of photospheric lightcitéd hydrogen atoms can be produced through condensation
the hydrogen atoms. The preeminent Fraunhofer lines E&Ctions occurring in the solar chromosphere. These atoms
generated by the Balmer series. These lines are produg@gld be immediately available for the absorption of phston
when an excited hydrogen electron=<{R) absorbs sfiicient &r1Sing from .photos_phgnc emission. Hence, condensation r
energy to be promoted to yet higher levels(N=2—N=3 actions provide an indirect mechanism to support the genera
656.3nm; BB N=2—>N=4 486.1nm; H N=2—>N=5 Uon of many hydrogen Fraunhofer line. Since these lines are
434.1nm; B N=2—>N=6 410.2nm; etc). They can pddeing produced in close proximity to condensed matter, it is
readily produced in the laboratory by placing hydrogen gg%asonable to conclude that their linewidths are deterthine
in front of a continuous light source. by their interaction with ;uch materials gnd not from ogtica

In 1925, Albrecht Unsold reported that the solar Fraufi€Pth and Stark mechanisms (§@e4). This may help to ex-
hofer lines associated with hydrogen did not decrease asRIRIn why the intensity of the Balmer lines, as first repotigd
pected [260]. He noted intensities across the Balmer sefifs0ld [260], do not vary as expected in gases from quantum
(Ho=1; Hg=0.73; H,=0.91; H;=1) which where highly mechanical con5|derat|0_ns. Unsbl_d’s findings [260] sj;m_n
distorted compared to those expected in a hydrogen gasS43gest that the population of excited hydrogen atoms is be-

predicted using quantum mechanical considerations<(tt N9 distorted by forces not known to exist within gases. Once
Hy=0.19; H, = 0.07; H; = 0.03) [260]. again, this calls attention to condensed matter.

Hydrogen lines were known to be extremely broad fro .
the days of Henry Norris Russell and Donald H.yMenzeI, Whlgld8 Coronal Emission #16
had observed them in association with solar abundance [88]was discussed i§2.3.7, the K-corona is the site of con-
and chromospheric studies [205], respectively. Commagntiinuous emission which reddens slightly with altitude, but
on the strength of the hydrogen Balmer series, Henry Nomibose general appearance closely resembles the photspher
Russell would write ‘It must further be born in mind that spectrum [57]. This leads to the conclusion that condensed
even at solar temperatures the great majority of the atomsroétter must be present within this region of the Sun [57].
any given kind, whether ionized or neutral, will be in thestasStill, the nature of the corona is more complicated, as the
of lowest energy . One non-metal, however, presents a reaame region which gives rise to condensed matter in the K-

*This proof was first presented as the sixteenth line of ecieé#7,59]. TThis proof was first presented as the 31st line of evidences[H0
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corona is also responsible for the production of numerous Moreover, condensed matter can have tremendous elec-
emission lines from highly ionized elements (e.g. FeXltron dfinities. This is readily apparent to anyone studying
FeXXV [192]) in the E-corona [60]. lightning on Earth. Thunderhead clouds have been assdciate
When examined in light of the gaseous solar models, thvigh the generation of 100 keV X-rays [274, p. 493-495], but
production of highly ionized species requires temperatire no-one would argue that the atmosphere of the Earth sustains
the million of degrees [192]. Temperatures as high as 30 Mémperatures of K. Lightning can fornf‘above volcanoes,
have been inferred to exist in the corona [192, p. 26], eviensandstorms, and nuclear explosion&74, p.67]. It rep-
if the solar core has a value of only 16 MK [13, p. 9]. Flargesents the longest standing example of the power of efectro
have been associated with temperatures reachitig [@73], affinity, as electrons are transferred from condensed matter in
and radio sampling has called for values betweeh dfd the clouds to the Earth’s surface, or vise versa [274-276].
109K [245, p. 128]. Metallic hydrogen should exist in the K-corona, as Type-
Given the temperatures inferred in attempting to expldinnaterial has been ejected into this region (§2€3.8) by
the presence of highly ionized atoms in the K-corona, practivity on the photosphere [58]. Electrical conductiviity
ponents of the gaseous models deny that this region carilie region is thought to be very high [277, p.174]. Thus,
comprised of condensed matter. Harold Zirin summarizes the production of highly ionized elements can be explaified i
situation best;. . .there is something erroneous in our basigaseous atoms come into contact with this condensed matter.
concept of how ionization takes placg45, p. 183]. For example, iron (Fe) could interact with metallic hydroge
Rather than cause a dismissal of condensed matter, si\H) forming an activated complex: MH# Fe - MH-Fe".
extreme temperature requirements should lead to the aeallzxcited Fe could then be ejected with an accompanying trans-
tion that the gaseous models are fundamentally unsound [6@] of electrons to metallic hydrogen: MH-Fe> MH-ne+
Itis not reasonable to assume that the corona harbors temp€&"". The emission lines observed in the corona are then
atures which exceed those found in the core. Furthermorepteduced when the excited iron relaxes back to the ground
arrive at these extreme values, the corona must somehovgtgée through photon emission,"Fe— Fe™ + hyv. Depend-
heated. Thézoo” [148, p.278] of possible heating meching on the local electronfinity of the condensed metallic
anisms is substantial [148, p.239-251]. According to E.Rydrogen, the number of electrons transferre¢ould range
Priest, the hypothesized mechanisms are fundamentally nf&@m single digits to~25 [192] in the case of iroh.
netic in nature asall the other possible sources are com- The scheme formulated with iron can be extended to all
pletely inadequate273]. The problem for gaseous modelthe other elementSresulting in the production of all coro-
can be found in the realization that their only means of prdal emission lines. The governing force in each case would
ducing highly ionized atoms must involve violent bombardpe the electronfénity of metallic hydrogen which may in-
ment and the removal of electrons to infinity. These schentégase with altitude. Highly ionized species are not preduc
demand impossible temperatufes. through the summation of multiple electron ejecting bom-
It is more reasonable to postulate that elements witdiardments. Rather, multiple electrons are being stripped s
the corona are being stripped of their electrons when tH8jltaneously, in single action, by transfer to condensetd ma
come into contact with condensed matter. The producti: In this manner, thelectron starvedtorona becomes en-
of highly ionized atoms involves electrorfiaity, not tem- dowed with functionthe harvesting of electrons from ele-
perature. The belief that the corona is a region charaewrifn€nts in the solar atmosphere, thereby helping to maintain
by extremely elevated temperatures is erroneous. The d§neutrality of the solar bod0].
K-coronal spectrum is genuine. The associated photons areln this sense, the chromosphere and corona have compli-

directly produced by the corona itself, not by the photosphdnentary action. The chromosphere harvests hydrogen atoms
(see$2.3.7). and protons. The corona harvests electfons.

As for the transition zone (see Fig. 1.1 in [192]), it does
“The story which accompanies the mystical element coroniom (ot exist. This region was created by the gaseous models in
FeXIV) in the corona and its discovery by the likes of Harlsye¥oung, order to permit a rapid transition in apparent temperathees

Grotian, and Edlén [151-153] has been recalled [265—-2@&Inderful im-
ages of the corona have recently been produced from highiyed iron (e.g. tween the cool chromosphere and hot corona (see [62] for a

FeX-FeXIV) [269-272]. complete discussion). In the metallic hydrogen model, e a
It will be noted in §5.5, that the gaseous solar models infer widelparent temperatures in both of these regions are cool,-there
varying temperatures within theameregions of the corona when analyzing
coronal loops (see Fig. 22). How could it be possible to sustastly dif- *In this regard, it is important to note that most of the ionesent in
fering values in thesameregion of the solar atmosphere? These findings aitee “XUV spectrum are principally those with one or two valenéectons”
indicative that we are not sampling temperature, but rathestructures with [245, p. 173]. This observation is highly suggestive thatematic processes
distinct electron fiinities. These substructures take advantage of a wide arexg taking place, not random bombardments.
of species to transfer electrons. Evidence for such a solutan be found $A least one electron must remain for line emission.
in Fig. 1.10 of [192] which describes flare substructure draldssociated Iwhile the corona is primarily composed of metallic hydrogas will
variations in emitting species (arcade emitting in FeXIl ping emitting in be seen ir§5.4, it can provide a framework to allow for the condensatién
FeXXIV and Ca XVII). hydrogen in non-metallic form.

Pierre-Marie Robitaille. Forty Lines of Evidence for Conded Matter — The Sun on Trial 113



Volume 4 PROGRESS IN PHYSICS October, 2013

fore a transition zone serves no purpose [62]. The changaesticle travels towards the solar interior, it can simphy u
in atomic and ionic compositions observed in the solar aergo an elastic collision, propelling a stationary pésthme-
mosphere can be accounted for by 1) the varying ability méath it even further towards the core. Without a surface, no
molecular species to deliver hydrogen and protons to caret force can be generated to reverse this process: theugaseo
densed hydrogen structures in the chromosphere as a fiBun is destined to collapse under thEeet of its own grav-
tion of altitude, and 2) to changes in the electrdiinity of ity [48].
metallic hydrogen in the corona.

This scenario resolves, at long last, the apparent vialatio Atmosphere
of the Second Law of Thermodynamics which existed in the . g
gaseous model of the Sun. It is not realistic that the ceriter o Q7
the Sun exists at 16 MK [13, p. 9], the photosphere at 6,000 K,
and the corona at millions of degrees. A solution, of course, Q Q .
would involve the recognition that most of the energy of the 4}? g
photosphere is maintained in its convection currents and co 1
duction bands [37], not in the vibrational modes respomsibl .\‘ K . . '
for its thermal spectrum and associated apparent temperatu - z"@:‘l t " Y,'
But now, the situation is further clarified. The corona is not - -
being heated — it is cool. No violation of the Second Law of

Thermodynamics exists, even if photospheric convectiah drio- 17: Schematic representation of the generation of gesspre.
conduction are not considered As particles travel towards a real surface, they eventuaitjergo a

change in direction resulting in the creation of a net upwdotice.

4 Structural Lines of Evidence
. Donald Clayton, a proponent of the gaseous models, de-

The structural lines of evidence are perhaps the most phygisihes the situation as follow&The microscopic source of
cally evident to address, as they require only elementary Massyre in a perfect gas is particle bombardment. The reflec
chanical principles to understand. tion (or absorption) of these particles from a real (or imag-
ined) surface in the gas results in a transfer of momentum to
4.1 Solar Collapse #17 that surface. By Newton’s second I&# = d p/dt), that mo-
Should stars truly be of gaseous origin, then they are conentum transfer exerts a force on the surface. The average
fronted with the problem of solar collapseSomehow, they force per unit area is called the pressure. It is the same me-
must prevent the forces of gravity from causing the entichanical quantity appearing in the statement that the gimant
structure to implode upon itself. of work performed by the infinitesimal expansion of a con-
Arthur Eddington believed that stellar collapse could lained gas is dW= PdV. In thermal equilibrium in stel-
prevented by radiation pressure [9]. Photons could trandfe interiors, the angular distribution of particle momenis
their momentum to stellar particles and thereby suppartstrisotropic; i.e., particles are moving with equal probabés
ture. These ideas depend on the existence of radiationnwitini all directions. When reflected from a surface, those nmgvin
objects, a proposal which is counter to all laboratory undeormal to the surface will transfer larger amounts of momen-
standing of heat transfer. Conduction and convection are ttem than those that glancegfat grazing angle’s[14, p. 79].
sponsible for the transfer of energy within objects [70]isIt The problem is that real surfaces do not exist within gaseous
only if one wishes to view the Sun as an assembly of separst@'s andimagined’ surfaces are unable to be involved in a
objects that radiation can be invoked. real change in momentum:Electron gas pressuretannot
Eventually, the concept that the Sun was supported exgevent solar collapse.
sively by radiation pressure was abandoned. Radiation pres Unlike the scenario faced by Eddington with respect to
sure became primarily reserved for super-massive stars [ddar collapse, James Jeans had argued that liquid stags wer
p. 180-186]. Solar collapse was prevented u&tgrtron gas immune to these complicatiorigynd mathematical analysis
pressure13, p. 132], with radiation pressure contributing litshews that if the centre of a star is either liquid, or pafal
tle to the solution [13, p. 212]. s0, there is no danger of collapse; the liquid center proside
But the idea thaklectron gas pressurean prevent a starso firm a basis for the star as to render collapse impossi-
from collapsing is not reasonable [3, 35, 43, 48]. The genekde” [278, p. 287]. By their very nature, liquids are essentially
tion of gas pressure (see Fig. 17) requires the existenceef incompressible. Therefore, liquid stars are self-suppgrt
surfaces, and none can exist within a gaseous'Siinen a and a LMH Sun faces no danger of collapse.

“This proof was first presented as the third line of evidenc84313,48]. When gas particles strike the Earth’s surface, they undargommediate
fConversely, the extended nature of our atmosphere is bedigtained change in direction with upward directed velocities. Withthe presence of
through gas pressure precisely because our planet possessal surface. a true surface, a net change in particle velocity cannotroccu
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4.2 Density #18 mensions, like diameter or radius, no longer held any vglidi
Nonetheless, Father Secchi considered the dimensiong of th
Sun to be a question of significant observational importance
despite problems related to their accurate measure [10p- 20

Hot gases do natelf-assemblé Rather, they are well-known
to rapidly difuse, filling the volume in which they are con
tained. As a result, hot gaseoiabjects’ should be tenuous

in nature, with extremely low densities. In this respect, h%OZ, V.. ) )
gases fer little evidence that they can ever meet the require- 1002y, the radius of the Sur§96,342-65 km) continues
ments for building stars. to be measured [51] and with tremendous accuracy — errors

In an apparent contradiction to the densities expecteaolrﬁ the order of one partin 10,000 or even 2 parts in 100’009
gaseousobjects), the solar body has a substantial avera ee [281]for a table). Such accurate measurements oékpati

density on the order of 1.4/gm® [279]. In gaseous mod- Imensions typify condensed matter and can never character

els, the Sun is believed to have a density approaching 1592 9aseous objettThey serve as powerful evidence that
g/c® in its core, but only~10-7 g/cm? at the level of the the Sun cannot be a gas, but must be composed of condensed

photosphere [148]. In this way, a gaseous star can be Qgpter. o ) . ) _

culated with an average density of 1.£m°. But gaseous The situation relative to solar dimensions is further com-
models would be in a much stronger position if the averagicated by the realization that the solar diameter may el
density of the Sun was consistent with that in a sparse g&¥iable [282]. Investigations along these lines are oniy g

i.e. ~10"* g/om?, for instance. It is also concerning that th§tY Pursued [283], as the gas models are unable to easily ad-
average density of the Sun is very much coincident with tHss brief fluctuations in solar dimensions. The stabdfty
observed in the outer planets, even though these objeats I#&FE0US stars depen_ds on hydrostatic equilibrium andsrelie
much smaller total massésThe giant planets are no longePn @ perfect mechanical and thermal balance [13, p. 6-67].
believed to be fully gaseous, but rather composed of mel%‘?‘—_'“ng to maintain equilibrium, gaseous stars would cease

lic hydrogen [93-95], suggestions which are contrary to tR&!St _ _ _ _
existence of a gaseous Sun. Conversely, fluctuating solar dimensions can be readily

The Sun has a density entirely consistent with conden&dfiressed by a liquid metallic hydrogen Sun, since this en-
matter. If the solar body is assembled from metallic hydrogBty e€nables localized liquidas (or solifgas) transitions in
[35,39], it is reasonable to presume that it has a somewlt&interior (see [48,51,52] ar§b.1).
uniform distribution throughout its interidr. This would be
in keeping with the known, essentially incompressibleyrat 4.4 Oblateness #20

of liquids. James Jeans regarded the high prevalence of binaries ak one o
. the strongest lines of evidence that the stars were liq@ids [

4.3 Radius #19 28] Indeed, it could be stated that most of his thesis rested
Within gaseous models, the Sun’s surface cannot be real apdn this observation. As a spinning star became oblate, it
remains the product of optical illusions [2,4,51These con- eventually split into two distinct parts [27, 28]. Oblatese
jectures were initially contrived by the French astrongmean be considered as a sign of internal cohesive forcesrwithi
Hervé Faye. In 1865, Faye [280] had proposed that the Sumobject and these are absent within a gaseous star. As a
was gaseous [2,4] and would writ&his limit is in any case result, any oblateness constitutes a solid line of evidé#mete

only apparent: the general milieu where the photospheredgotating mass is comprised of condensed matter.
incessantly forming surpasses without doubt, more or less, The physics of rotating fluid masses has occupied some
the highest crests or summits of the incandescent clouds, dftthe greatest minds in science, including Newton, Maclau-
we do not know thefective limit; the only thing that onerin, Jacobi, Meyer, Liouville, Dirichlet, Dedekind, Riema,

is permitted to girm, is that these invisible layers, to whictPoincaré, Cartan, Roche, and Darwin [3]. The problem also
the name atmosphere does not seem to me applicable, wealstivated Chandrashekhar (Nobel Prize, Physics, 1983) fo
not be able to attain a height of 3’, the excess of the perihd@ne years of his life [284].

lion distance of the great comet of 1843 on the radius of the Modern studies placed the oblateness of the Sun at
photosphere’{280]. With those words, the Sun lost its trug.77x 1076 [287]. Though the Sun appears almost perfectly
surface. Everything was onhapparent’ (see§l). Real di-

IAs a point of reference relative to the accuracy of measunésnena-

*This proof was first presented as the fourth line of evideB&e36]. chinists typically work to tolerances of a few thousands wfirch. Ac-
"The Earth has a density of 5.5cg?; Jupiter 1.326 gm?®; Saturn 0.687 cording to a young machinist (Luke Ball, Boggs and Assosja@lumbus,
g/cm®; Neptune 1.638/gm?®; Uranus 1.271 gm® [279]. Ohio), a“standard dial caliper is accurate ta 0.001", and a micrometer

Setsuo Ichimaru had assumed, based on the gaseous modekheth provides greater accuracy ta 0.0001”. The Mitutoyo metrology company
core of the Sun had a density of 15@ig° when he considered that it couldwas founded in 1934, and they produce a digital high-acopsub-micron
be composed of metallic hydrogen [97-99]. He did not addiesE€ompo- micrometer that is accurate to .00002.”
sition of the solar body or atmosphere. IThis proof was first presented as the eighth line of evideB¢89, 36,

$This proof was first presented as the 21st line of evidenck [51 50].
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round, it is actually oblate [50].To explain this behavior, as-gases can support none. Moreover, if the solar surface is but
trophysicists invoked that the Sun possessed a constamt sah ‘illusion’, what point can there be in documenting the na-
density as a function of radial position [287]. This prodasa ture of these structures? But the problem is even more vex-
in direct conflict with the gaseous solar models [13, 14] whidng for the gaseous models, as films are currently being taken
conclude that most of the solar mass remains within the cefithe Sun in high resolution (see Supplementary Materials
tral core. An essentially constant internal density is {me&lg for [100] on the Nature website), and oillusions’ arebe-
what would be required within the context of a liquid metallihavingas condensed matter (s&€&1) [292, 293].
Sun [35, 39]. Father Secchi, perhaps the most able solar observer of the
At present, helioseismic measurements @@eindicate 19th century, drew with painstaking attention numerous de-
that the degree of solar oblateness may be slightly smattits on the solar surface which he viewed as real [1]. He
[288, 289], but the general feature remains. The degreeeaiphasized théthere is thus no illusion to worry about, the
solar oblateness may well vary with the solar cycle [29¢ihenomena that we have just exposed to the reader are not
As was the case for variations in solar radi§4.8), these simple optical findings, but objects which really existfHai
changes pose fiiculties for the gaseous models. That thigilly represented to our eyes using instruments employed to
Sun is slightly oblate provides excellent evidence forriné¢ observe them'1, p. 35-36, V.Il]. The authors of the won-

cohesive forces, as seen in condensed matter. derful SST Nature paper [100] seem to discard illusiéte
_ are, however, confident that the dark cores shown here are
4.5 Surface Imaging #21 real” [100]. Nonetheless, they maintain the language associ-

With the advent of the 1-m Swedish Solar Telescope (SS#ed with the gaseous modei4, dark-cored filament could

the solar surface has been imaged with unprecedented reddfyProduced by an optically thin cylindrical tube with hot

tion [100,291]! This resolution will increase dramatically inValls—perhaps a magnetic flux tube heated on the surface

a few years when the construction of the Advanced TechnBY.the dissipation of electrical current§100].

ogy Solar Telescope is completed in Hawaii [104]. Commenting on [100] in light of accepted theory, John
Using the SST, scientists repoftn these pictures we H- Thomas statesiComputer simulations of photospheric

see the Sun’s surface at a low, slanting anglgording a Magnetoconvection show very small structures, but the sim-

three-dimensional look at solar hills, valleys, and canglon ulations have not yet achievedscient resolution to deter-

[291]...“A notable feature in our best images of sunspots f8ine the limiting size. The horizontal mean free path — in

that many penumbral filaments, which are isolated from tREher words, the average distance traveled without interac

bulk of the penumbra and surrounded by dark umbra, shé¥@ — Of & photon in the solar photosphere is about 50 km,

dark cores”..“Inspection of our images shows numeroudnd so this might be expected to be the smallest observable

varieties of other very thin dark lines in magnetic regions€ngth scale, because of the smoothijfget of radiative en-

... “hairs’ that are seemingly emanating from pores int&'dy transfer. But sophisticated radiative-transfer adée

the closest neighbouring granules, ‘canals’ in the granul&dons show that fine structures as small as a few kilometers

tion near spots and pores, and running dark streaks crossigfgould in principle be directly observabl¢294].
penumbral filaments diagonally’100]. The problem for the gas models rests in their prediction
Since antiquity, solar observers have been fascinated wWitat the photosphere has a densitg @’ g/cm® [148]) which
structure on the surface of the Sun. Now, as telescopic r&s10,000 times lower than that of the Earth’s atmosphere at
olution continues to increase, they are documentigost Se€a level — surpassing some of the best vacuums on Earth.
in 3D, the existence of structure on the solar surface with iftructure cannot be claimed to exist in a vacuum and has
creased certainty. They resort to words likéls’ , ‘valleys’, never been demonstrated to be associated with the equations
and‘canyons’to describe the surface of the Sun and they f6f radiation transfer (see [292, 294] and references thprei
cus increasingly on substructures, like the dark coresef this inherently a property of condensed matter, without any
penumbra. How can this structural detail be compatible witiged for internal photons. As a result, modeling associated
gases? Structure remains a property of condensed matterVdiffti the analysis of structural entities on the solar swefac
which is fundamentally based on ideas of a gaseous Sun [292,
oS e St e s 294) avunfcly o beclany astng vluewihespectoL
the standard gaseoﬂz models w‘he[rein]r.nost of a star’s maagristed to thg derStandmg the complexmes (_)f the photosphere. The nhost e
core. As such, scientists have sought to find alternativensnesaccount for €gant solution rests in accepting that these structureare

this oblateness [286]. and comprised of condensed matter.
"This proof was first presented as the eleventh line of evieldac35,
36,42]. Solar surface imaging can include frequenciesidritgsible light. .
It continues to reveal the presence of new structures, retribed in§2. 4.6 Coronal HolegRotation #22
These, and those to come, are included herein as a sepamtd &vidence . . .
as solar surface imaging exposes more structural complexid temporal COronal holes (see Fig. 18) are believed to be regions of low-

evolution. density plasma that open freely into interplanetary spa2e |
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295,296]: They are associated with the presence of fast sotaB862]* At the time, he knew that chromospheric emission
winds (se€5.8). lines (se€§3.4,§3.5, and§3.6) could extend up to 14,000 km
When the Sun becomes active, coronal holes can apd8ap. 362]. For Eddington, the answer to chromosphere chro-
anywhere on the solar surface [52, 295, 296]. In contrastospheric extent rested upon radiation pressure, but the so
when it is quiet, coronal holes are viewed'@aschored’onto tion would prove insfficient [62].
the polar regions of the solar surface [297, p. 10]. Tars Bhatnagar and Livingston provide a lucid presentation of
choring’ constitutes a powerful sign that the Sun is compriséite chromospheric scale height problem within the contéxt o
of condensed matter, as this behavior directly implies batte gaseous models [277, p. 140-145]. They recall how ini-
long-term structure within the corona and the existence ofial ‘hydrostatic equilibrium’arguments could only account
true solar surface’Anchoring’ requires two distinct regionsfor a density scale height of 150 km [277, p. 141]. In order to
in the Sun which cooperate with each other to prodiingc- further increase this scale height to the levels observedsd
tural restriction hypothesized that the chromosphere had to be heated, either
through turbulent motion, wave motion, magnetic fields, or
5-minute oscillations [277, p. 140—145]. The entire exagci
demonstrated that the spatial extent of the chromosphere re
resented a significant problem for the gaseous models. The
great solar physicist Harold Zirin has placed thed&alil-
ties in perspective,Years ago the journals were filled with
discussions of ‘the height of the chromosphere’. It wasrclea
that the apparent scale height of 1000 km far exceeded that
in hydrostatic equilibrium. In modern times, a conveniemt s
lution has been found — denial. Although anyone can mea-
sure its height with a ruler and find it extending to 5000 km,
most publications state that it becomes the corona at 2000 km
above the surface. We cannot explain the great height or the
rroneous models... While models say 2000 km, the data say

Fig. 18: Schematic representation of coronal holes oveptiar
caps of a quiet Sun. This figure is an adaptation based on Fi
in [295]. Along with its legend, it was previously publisheo[52]. 0007 [193].
Obviously, a gas cannot support itself [62]. Hence, the

The corona possesses. a radially rigid rotation of 27.5 spatial extent of the chrompsphere con_stitutes one of thet mo
days synodic period from 2.5,R0 >15R,” [277, p.116] elegant observations rellafuve to the existence of a comdens
as established by the LASCO instrument aboard the SOS@)r photosphere. Within the context of the LMH model
satellite [298]. Rigid rotation of the entire corona striyng[3%, 39], the Sun possesses a condensed surface. This sur-
suggests that the solar body and the corona possess codddfgg Provides a mechanism to support the chromosphere: gas
matter. pressure (see Fig. 17) — the same phenomenon responsible

Coronal materidlcontains magnetic fields lines which, ifor the support of the Earth's atmosphere [48].
turn, are anchored at the level of the photosphere [6%}- It was demonstrated i§4.1, that electron gas pressure
choring’, once again, requires structure both within the solg@nnot prevent a gaseous star from collapsing onto itsedf, b
body and within the solar atmosphere. The condensed g that these objects lack real surfaces. However, a lig-
ture of the corona and coronal structures has already beishmetallic hydrogen Sun has a real surface, at the level
discussed ir§2.3.7,§2.3.8, ands3.8. It will be treated once Of the photosphere. When a gaseous atom within the solar
again in§5.5, and$6.6. The relevant structure of the soladtmosphere begins to move towards the Sun, it will even-
interior will be discussed i§5.1. The presence ¢dnchor- tually strike the surface. Here, it will experience a change
ing’ within coronal holes and the rigid rotation of the coron8 direction, reversing its downward vertical componerd an

is best explained by condensed matter. thereby placing upward pressure on the solar atmosphere, as
displayed in Fig. 17. Gas pressure can simply account for the
4.7 Chromospheric Extent #23 spatial extend of the chromosphere in condensed solar mod-

Eddington recognized the great spatial extent of the chron§&s [35,39]. Moreover, under this scenario, the chromosphe

sphere and pondered on how this material was supportedféght be supported by the escape of gaseous atoms from the
solar interior as manifested in solar activity (§¢e1). This

“The anchoring of coronal holes was first presented as the [R&ndf provides an acceptab|e mechanism in the condensed mode]sy

evidence [52], while the rigid rotation of the corona wasetreated as the . . . e
33rd [62]. These two proofs, being closely related o ondfaohave now as they do not need to maintain the hydrostatic equilibrism e

been combined. sential to the gaseous Sun. In any event, chromospheric heat
fSee the wonderful Fig. 106 in [1, p. 310, V. I] relaying thearma during
the eclipse of July 8, 1842 #This proof was first presented as the 34th line of evidenck [62

Pierre-Marie Robitaille. Forty Lines of Evidence for Conded Matter — The Sun on Trial 117



Volume 4 PROGRESS IN PHYSICS October, 2013

ing, from turbulent motion, wave motion, magnetic field$ashion, the corona has been designated as a site of electron

or 5-minute oscillations [277], is not required to suppbe t recapture within the Sun [60]. With increasing distancerfro

great spatial extent of the chromosphere in the LMH modethe solar surface, coronal atoms are increasingly strigbed
their electrons. This is an electroffiaity problem, wherein

4.8 Chromospheric Shape #24 metallic hydrogen in the solar atmosphere scavenges for ele

Secchi had observed that the diameter of the observable 8RS and strips them from adjacent atoms [60]. Therefore,
varied with filter selection (blue or red) during a solar psé the chromosphere [59] and corona [60] act in concert to re-
[1, p.320, V.1]. Currently, it is well established that thi d capture protons and electrons, bringing them back onto the
mensions of the chromosphere are perceived as vastly 8@lar surface.

ferent, whether it is studied ind] or using the Hell line at  In §3.4, it was proposed [59] that theotémission is the
30.4nm [243, Fig. 1]. The chromosphere also appears todhgct result of the recondensation of atomic hydrogeryéel
prolate [243]. This prolateness has been estimated#® = ered by molecular hydrogen, onto larger condensed hydrogen
5.5x 103 in Hell and 1.2< 1073 in Ho — more extended in Structures, CHS, within the chromosphere. Hell emissien re
polar regions than near the equator [243]. The shape of tiidts from the recondensation of atomic hydrogen, deliere
layer has been demonstrated to be extremely stable, withPiyghe helium hydride molecular cation [61], onto thesecstru
significant variation over a two year period [243]. tures (seg3.6).

The prolate nature of the chromosphere and the extendedin the lower chromosphere, neutral molecular hydrogen
structure which the Sun manifests above the polar axis cawists and can deliver atomic hydrogen with ease, resulting
not be easily explained by the gaseous models. A gaseiuda emission. However, with increasing height, it becomes
Sun should be a uniform object existing under equilibriumore scarce, as the corona captures electrons. Once dgprive
conditions, with no means of generating preferential ghowef its sole electron, hydrogen cannot emit.
in one dimension versus another. When the Sun is quiet, theln contrast, with increased elevation, the helium hydride
greater extent of the chromosphere above the poles is asstion can become more abundant, as atomic helium can now
ciated with the presence of large anchored coronal holesharvest lone protons. Of course, neutral helium hydridkén t
this region§(4.6). Coronal holes, in turn, manifest the preground state is not stable [256, 257]. Helium must first cap-
ence of fast solar winds (s&®.8). A link to the fast solar ture a lone proton (or first lose an electron to become el
winds is made in the gaseous Sun [243], despite the recogaipture neutral hydrogen) to form the stable molecule. This
tion that the origins of these wind§.8), and of the coronalreadily occurs with increased height. Thus, Hell emissions
holes with which they are associatdi@ (6), remains an areaare seen at the greatest chromospheric elevations. Siace th
of concern within these models [48,52]. helium hydride cation produced at these elevations can mi-

Even the oblate nature of the solar body had providgdate towards the solar surface, one is able to observed Hell
complications for the gaseous Su§4(4). This oblatenesslines all the way down to the level of the photosphere.
could be explained solely on internal cohesive forces and ro Such an elegant account, exploiting chemical principles
tational motion in the LMH model§4.4). But, the prolate to understand line emission, cannot be framed by the gaseous
nature of the chromosphere reflects something more compl@xdels relative to the prolate nature for the chromosphere.

According to the LMH model, fast solar wind$g.8) are This includes the possible causes for thffatential spatial
produced when intercalate atoms (el Fig. 19) are ac- extent of Hr versus Hell lines (see Fig. 1 in [243]).
tively being expelled from the lattice of the solar body [48,
52]. During this processes, some hydrogen is ejected, but un
like the other elements, it is often recaptured to help nadint
the solar mass. In this respect, the solar chromosphere Tiag dynamic lines of evidence involve time or orientation re
been advanced as a site of hydrogen recondensation in thdaged changes in solar structure, emission, flow, or magneti
lar atmosphere (sg®.4,85.6 and [59,61]). It appears prolatdield. Along with many of the structurag4) and helioseis-
because, at the poles, more hydrogen is being expelled, Tois (§6) lines of evidence, they are amongst the simplest to
more is recaptured over a greater spatial area. In analogogsalize.

Dynamic Lines of Evidence

*To fully understand this proof, it is necessary to simulrsty con- o
sider the origins of surface activitg%.1), coronal holessé.6), solar winds 5.1 ~ Surface Activity #25
(85.8), Hx emission §3.4) and Hell emission§@.6). If the reader believes it . . . P
difficult to follow, hg'she may wish to move to other lines of evidence and rd-he surface of the Sun is characterized by extensive activit

turn to this section once a more complete picture has beerdaThis proof The solar surface is often viewed‘ésiling’, or as dboiling
is listed as a structural proo$3), even though it results from dynamigs{ as’. But, gases anda gaseous Sun are unalieid. Gases

and spectroscopidg8) processes, because it is expressed as the steady S . Lo . .
appearance of the chromosphere when the Sun is quiet. In ##93unspot ?‘5 the result of such actions. Only |IC1UIdS can boil, while

number was near minimum and the data presented in [243] vepsrad at
that time. "This proof was first presented as the ninth line of eviden&ed8].
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solids sublime. lem is further complicated with the realization that grasul

Since gases cannot boil, in order to explain activity gbey the 2D laws of structure (s¢2.3.4) and that explosive
the solar surface, the gaseous models must have recourghenomena, associated witkark dot’ formation, can be ex-
magnetic fields and flux tubes. In the case of sunsg@$(3 plained solely on the basis of structural consideratio26]1
[4,40, 45]), faculae§?2.3.5 [45]), and magnetic bright pointdsee§2.3.4). To add to the suspension of disbelief, propo-
(§2.3.5), these fields are located within the solar body. In thents of the gaseous models maintain that the photosphere
case of the chromospher§5(6), flares §2.3.8), and coronal exists at the density of an ultra-low pressure vacus0(’
mass ejections§@.3.8), they arise from the corona. The ag/cm® [148]). With respect to surface activity, aliferts by
guments are fallacious, as magnetic fields themselves depé&e gaseous models to understand the observed phenomena
on structure for formation. Unable to account for their owgan be seen to collapse, when faced with the simple challenge

existence (se@5.3), they cannot be responsible for creatirijat their solar surface is only aiflusion’ [4]. Scientists are
such features within a gaseous medium. confronted with the intellectual denial of objective reali

The only prominent active features of the Sun, whose for- The LMH model [35, 36] can account for solar activity,
mation appears not to be inherenﬂy tied to magnetic ﬁe|§§,1ce it allows for structure and takes advantage of the con-
are granules§.3.4 [40, 45]). These are thought to be gegequences. Granular convection can be explained with ease,
erated by subsurface heat which is being transported to #ea LMH Sun possesses a true surface and the associated
upper visible layers [40, 118-122]. A changegas density’ tension required for Bénard convection [314-318].
is required within the photospheric vacuum. The emissive behavior of the Sun (sg23) strongly ar-

In actuality, those who model granules in the laborato8yes that the photosphere is comprised of a layered struc-
(see [40] for a detailed review) understand that they are b€ much like that found in graphite (see Fig.2) and first
represented as the products of Bénard convection [314,-3PgoPosed in metallic hydrogen [39] by Wigner and Hunting-

a process dominated by surface tension, not buoyancy [118, [88]. Layered materials like graphite are known to form

p.116]. The gaseous models, unable to provide for a r&ygercalation compounds [48, 79-83] when mixed with other

surface on the Sun, must reject Bénard convection. The prélgments (see Fig. 19). In the case of metallic hydroges, thi
implies that the non-hydrogen elements occupy interlater |

“Descriptions of a Sun which foiling’ can be found throughout the tic@ points [48], while the hexagonal hydrogen framework
printed word. Examples occur in 1) children’s books [299]p@pular writ-  remains intact. It is the science of intercalation compaund

ings [300, 301], 3) university level communications [30@58 4) scientific \which is most closely linked to the understanding of solar ac
news articles [306,307], or 5) scholarly publications [BB-313]: 1)The tivity [48]

sun is a boiling mass of hot gassd299, p. 21], 2)‘lt shows rather clearly - . )
that the Sun is a boiling mass of energy, vastly violent amstmtly chang- Within graphite, the dfusion of elements across hexag-
ing” [300]; “Convection is also at work transferring energy from thei@d onal planes is hindered (see [48] for references), while dif
tive zone to the photosphere, with a vertical boiling mdtgg01], 3)"The — f,5ion within an intercalate layer is facilitated. The same

surface of the Sun shows us a pattern of boiling gas arrangedistinctive inciol bei . ked within the | d llic h
cellular pattern known as granulation[302]; “Solar plasma emitted from principles are being invoked within the layered metallie hy

the Sun is a boiling  of the Sun’s atmospherd303]; “It is easy to think drogen layers thought to exist in the Sun. Graphite interca-
of the sun as benign and unchanging, but in reality the sun dymamic |ation compounds [79-83] are known to undergo exfoliation,
ball of boiling gases that scientists are only beginning noerstand”[304]; an often violent process (see [79’ p. 9] and [83, p. 406], @her

“Our Sun is an extremely large ball of bubbling hot gas, mp$tydrogen L . . . .
gas” [305], 4) “We don't yet have a model that explains these hilgef- sudden phase transitions in the intercalation region from c

frey R.] Kuhn said, although he suspects that they are caused by tive indensed to gaseous results in the expulsion of the inteecalat
action of boiling gas and the sun’s powerful magnetic fie[@06]; “The gtoms. In the Iaboratory, exfoliation can be associatet wit

researchers found that, as expected, this tumultuous negisembles a pot o 4o mandous expansion of lattice dimensions, as the gaseou
of boiling water: hot material rises through it, and cooleages sink’[307],

5) “Under poor to fair seeing conditions, sometimes the soiarbl appears eXpanSi_On of the intercalate layers acts to greatly inerézs
boiling, this gives some idea about the degree of air tunhe [115, p. 54]; separation between groups of hexagonal planes [79-83].

“The surface of the Sun boils in an active manner as the resutie contin- It is the process of exfoliation which can guide our un-

uous production of energy inside the SYB08]; “The hot corona boiling ¢ . . L
the surface of the Sun toward the cold void of interplanetgce consti- derStandmg of solar actvity. Exfoliation can be seen sute

tutes the solar wind[309]; “The current general idea on the global balancein the active degassing of the intercalation regions exgsti
. is that energy conducted down from the low corona must ‘pjb"ilmass within the Sun. When the Sun is quiet, it is degassing primar-
from the chromosphere.” [310]; “Near its surface, the Sun is like a pot of“y at the poles. This results in the fast solar winds (§§B)

boiling water, with bubbles of hot, electrified gas — actyallectrons and N . . .
protons in the forth state of matter known as “plasma” — clating up from and coronal holes (S@é.ﬁ [52]) in this region. It leads to the

the interior, rising to the surface, and bursting out inteasp” [311]; “The ~ conclusion that the hydrogen hexagonal planes in the polar
sun is a churning mass of hot ionized gas with magnetic fiblgsting their convection zonédsend to be arranged in a direction which is

way through every pore and core, djNen by energies boilimgfilom th_e'ln- orthogonal to the solar surface.
terior where the fusion of hydrogen into helium at a tempaebf 15 million

K liberates the nuclear energy that keeps the cauldron mglli{312]; “The However, in the equatorial convection zones, the hexago-
magnetic field guides these flows, thus influencing on theageehe radial
distribution in the ‘boiling’ layer” [313]. A solar layer beneath the photosphere.
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OO OO P OO O amounts of helium in its interior (see [47] for a detailed-dis
OMQ cussion). Rather, careful observation of the solar cycleats
that the Sun must be comprised primarily of hydrogen, as it
O%O constantly expels other elements from its interior. The no-
OWO table exception, as was seer§&3, relates to lithium [54].
0%0 Relative to solar activity, the liquid metallic Sun allows
for the buildup of true pressure in its interior, as inteatal
OWO elements enter the gas phase. This could account for changes
OWO in solar dimension§4.3) and shape§é.4, §6.3) across the
® e cycle. It also explains the production of solar flares in acco
dance with ideas coined long ago by Zdllner [3,189]. In a
robust physical setting, mechanical pressure is all thed-is
O%O quired, not energy from the corona. The same can be said of
OWO prominences, whose layered appearance (Fig. 20) highly sug
gests that they are the product of exfoliative forces within
OMWO Sun. Prominences reflect the separation of entire sheets of
oI FO—505C—-530 material from the Sun, exactly as found to occur when exfo-
o%o liative forces act within graphite [48].

Fig. 19: Schematic representation of a proposed metalticdgen
intercalation compound, wherein protons occupy the haxalgat-

tice planes and non-hydrogen elements are located in thec@ia-
tion region. Intercalation compounds are characterized isyage
index’, n, which accounts for the number of hexagonal planes be-
tween intercalate layers. In this cases6n This figure was previ-
ously published as Fig. 3 in [48].

nal hydrogen planes are hypothesized to be oriented plaralle
to the solar surface. Under the circumstances, atoms in the
intercalation regions cannot freelyflilise into the solar at-
mosphere. They remain essentialigpped within the Sun

as reflected by the presence of slow solar winds above the
equator. Over half the course of the eleven year solar cycle,
intercalate elements slowly increase in number until, final
the Sun becomes active (see Fig. 15) and exfoliative presess

begin. The intercalate atoms begin to break and displace g 20: An assembly of solar images obtained in the Hell line
hexagonal hydrogen planes, as they work their way beyaid3o.4 nm displaying the layered appearance of prominences
the confines of the photosphere. Coronal holes become W&SA describes this image as follow$A collage of promi-
ible at random locations throughout the Sun, indicating thences, which are huge clouds of relatively cool dense @asm
reorientation of hydrogen planes in the interior. With timguspended in the Sun’s hot, thin corona. At times, they capter

the Sun degasses its equatorial region and returns to the (gficaping the Sun's atmosphere. For all four images, emmissio
state. in this spectral line of EIT 304A shows the upper chromospher

In this regard, the series of images displayed in Fig. ftsa temperature of about 60,000 degrees K. The hottest areas
' appear almost white, while the darker red areas indicateleoo

are particularly telling, as they illustrate that heliunveés temperatures. Going clockwise from the upper left, the Esag

in the lower solar atmosphere increase significantly with sg.. ¢, 15 May 2001; 28 March 2000; 18 January 2000, and

lar activity (examine carefully the periphery of the cehtrd repryary 2001 Courtesy of SOH@EIT] consortium. SOHO
image obtained in 2001 compared with images obtainedidm project of international cooperation between ESA anSNA
1996 or 2005). The Sun appears to be degassing helium, @&p;/sohowww.nascom.nasa.ggalleryimagegromquad.html
previously concluded [48]. This further strengthens the ar Accessed on/20/2013).

gument that it does not, as popularly believed, possess larg

fDeuterium and tritium, as hydrogen isotopes, should renraithe

*Best performed using the high resolution image on the NASWexagonal proton planes. Like lithium, within a LMH modekibé Sun, they
SOHO website:  httg'sohowww.nascom.nasa.ggualleryimagegarge  should be retained within the solar body, with only small iens escaping
304cycle.jpg. in the solar winds.
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5.2 Orthogonal Flows #26 Dynamo behavior must always involve the flow of conduc-

The orthogonal nature of material flow in the photosphere a‘iil\ff ﬂ_UidS across mag_”eﬂc fields. This_, in turimduces
corona (see Fig.21) provides one of the simplest and mg@ctncal currents, which, under appropriate flow and mag-

elegant lines of evidence that the Sun is comprised of cdietic field configurations, can sustain the field againstidiss

densed matter.In 1863, Carrington established thefdren- pation” [319]. o ]
tial rotation of the photosphere [67, 68]. His studies resga  Perhaps the greatest driving force for understanding the

that solar matter, at the level of the photosphere, expmmnbehavior of dynamos in the Iabo_rat_ory has been the presence
a net displacement in a direction parallel to the solar sexfa®f Planetary and stellar magnetic fields [319-324]. It is not

Yet, solar winds §5.8) are moving radially away from thef€asonable to apply these studies to a gaseous Sun.

Sun. This orthogonal flow of matter at the interface of the Alldynamo laboratories rely on the use of molten sodium.
photosphere and the atmosphere just above it demandsTtiié substance acts as an incompressible conductive liquid
presence of a physical boundary. Such a surface is unavaietal [321-324}. To generate dynamdiects under exper-

able in the gaseous models, but self-evident in a liquid metfental conditions, flow is typically induced into the metal
lic hydrogen setting. using mechanical devices like pumps or turbines [321-324].

External induction coils are present which can provide ini-
tial magnetic fields to help either “seed” or “drive” the stud
ies [321-324].

It is important to note that macroscopic structure is being
imposed in these systems. In every case, the flow of liquid
metallic sodium is being confined and directed by structure
(tubes, vats, canisters) [321-324]. Insulating mateidats
always present, whether provided by the presence of pressur
izing argon at 80 p.s.i. in a vat [321, 322] or by the inabil-
ity of molten sodium to direct its own flow when propelled
through pipes [323, 324]. Experimental geometries are-care
fully selected (see e.g. [323, Fig. 1]), including the léaat
of induction coils [321, 322]. Mechanical devices are pdovi
ing energy to drive these systems and external static miagnet
fields supplement the samplifg.

In this respect, Lowe and Wilkinson constructed the first
working model of a geomagnetic dynamo [328]. It was com-
posed of solid iron alloy cylinders, rotating within a casti
of the same material, wherein a small amount of mercury
maintained the required electrical contact [328]. In rilgy
5.3 Solar Dynamo #27 this design, Lowe and Wilkinson insisted thdbelf-exciting

As first noted by George Ellery Hale [107], the Sun possesgé@amols are vr?ry- corr|1mon En the Surf‘?‘ce of tc?e Earrt]h, _bUt
strong magnetic fields which can undergo complex windin se rely on the insulation between wires to direct the in-
and protrusions [12]. Magnetic fields are ubiquitous on théUced cuITents into an appropriate path; they are multiply
solar surface and within the corona. They are not manifesﬁﬂTneCted [328_]'_ ) i i
solely in sunspots§@.3.3). As seen if2.3.5, strong fields These conditions are unlike those in gaseous stars which,

can be observed in faculae and magnetic bright points, wrf?béthe"VeTV nature, are devoid of structure, have no atiit
weak fields are present above the granul&3.4) and in direct the induced currents into an appropriate patfB28],
coronal structuress@.3.8). and are incapable of acting as insulators. The situation has

Within the context of the gaseous models, solar magnd?fgen summarized as followS\Vhereas technical dynamos
fields are believed to be produced by the action of a powgp_nsst of a numl_aer of well-separated glectrlcally conduct
ful solar dynamo [319, 320] generated at the base of the c}fL Parts, a cosmic dynamo operates, without any ferromag-
vection zone near the tachocline layer, well beneath trar sd|€tiSm, in a nearly homogeneous medilg24]. With these
photosphere [12]. A dynamo represents a self-sustained af= , _ o _ _

lificati f tic field d di . ti it fConveniently, the density of liquid metallic sodiup~0.927 gcm?®
phi |C§. lon o ma_'gne '(E Ields, produced in conjunction wi &25, p. 4-128]) approaches that hypothesized to exiseatithocline layer
flow in conducting fluids. In the laboratory, they are Stugh the gaseous models of the Spn-0.2 ger [326]).

ied using quuid metals, typically molten sodium [321—324] $Much like in medicine, where MRI can be performed using oty t
Earth’s magnetic field<0.5 gauss) [327], itis impossible to perform dynamo
*This proof was first presented as the tenth line of evidenSe3f3]. experiments within the laboratory in the absence of anainitmbient static
"This proof was first presented as the twelfth line of evid8&. field magnetic field, as has been recognized (e.qg. [323]).

Fig. 21: Schematic representation of the orthogonal plpbigrsc
and coronal flows associated with Carrington§atiential rotations
[67] and the solar winds.
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words, astrophysical dynamos fell outside the realm of explaboratory dynamo experiments become linked to a substance
imental science, precisely because they are thought tbiexisvhich may come to have great importance on Earth [92, 98],
objects, like gaseous stars, unable to impart a physichi-aroot only in the distant stars.
tecture.

Astrophysics cannot hope that magnetic fields implart 5.4 Coronal Rain #28

!usionary’details and emissive properties to photospheric Mnocuous findings can lead to the greatest discovérigs.
jects (e.g. sunspots and faculae), while at the same timefes raspect, coronal rain [330-333] will not present aregxc
quiring that real structure exists in a gaseous Sun. ThisStijo, This subtle ect consists ofcool and dense matter”
ture must somehow enable the formation of powerful Magpiqh, is“ubiquitous” within the solar atmosphere and which
netic fields and the bw!dup of a solar dynamo._ The fact §”constantly falling towards the solar surface [330-338].
mains that the generation of strong magnetic fields on Eagh,iq 1o pe composed of*a myriad of small blobs, with
always requires the action of condensed matter. As they hé}ﬁ%s that are, on average 300 km in width and 700 km in
no structure, gases are unable to generate magnetic fietds RRgth” [333]. ' When these aggregate, they prodshew-
macroscopic level. They are simply subject to their actlon.q ' 1333]  Coronal rain has been associated with coronal

is improper to confer upon gases behavior which cannot eyggnq ang attempts have been made to link its existence to
be approached in the laboratory. loop substructure [334].

Itis hard to envision that hydrogen in non-metallic form, aq ¢oronal rain falls towards the surface, its rate of de-

as is currently hypothesized to exist in the gaseous stalfS, oot qoes not match that expected from gravity considera-

be able to match the conductivity observed in a real mef@lys 410ne [333]. From the standpoint of the gaseous solar
(see Fig. 2in [329]). Gases obviously cannot possess cen

. e P ) martl e
ing point, liquid sodium has a conductivity- 10" Q™M™ oy 5in coronal rain [332, 333]. But these arguments are not

[321-324]) which very much approaches that observed in (g, sistent with the belief that the lower chromosphere has a
solid [321-324]. Near this point and in the solid state, COBensity of only~10-12 g/cr® [115, p. 32] and that gas pres-
duction bands are responsible for the conductivity measute . annot exist§@. 1) in these r;mdels. How can conden-
in sodium? Hence, it should not be sur_prising th.a}t, jus_t astheion take place within a hot corona (@:7) while main-
metal r_nelts, some quan_tum mechanlcgl co_ndltlons mvoIv&%ing a gaseous state, which even at photospheric des)siti
in forming these conduction bands remains (i.e. there nesna), o 1d only be~10~7 g/cm? [148]? How can a vacuum retard
some interatomic order)._ Otherwise, a substantial chamgge rate of descent of these particles? With respect to the ex
conductivity would be evident. istence of coronal rain, the gaseous models of the Sun simply

With all these factors in mind, it is reasonable 0 SUggqy the necessary flexibility to provide a reasonable astou
gest that the structural lattice present in liquid metaiie ¢ ;g phenomenon.

drogen provides a superior setting to account for dynamo ac- Alternatively, the LMH model [35, 39], has advanced that

tion in the Sun. Metallic hydrogen should be able to SUPPndensed matter populates the outer solar atmosphere (see
real structure. Protons would occupy the hexagonal pla%%sS 6.52.3.7.§2.3.8,83.4,§3.5.§3.6,83.8,5§4.6,§4.7.84.8

(see Fig. 2) and electrons flow in the conduction bands nec§§5' §'5 6 §5 7 .a.né§6. 6’) .Ccyjo)(.je’nsé coronal and chro-
sary to generate magnetic fields. A LMH Sun should displgy, s heric ayers consequently stand as pillars of this iode

a density, throughout its interior, s_imilar to molten souiu 56—60]. In this regard, the presence of coronal rain can be
Conductive paths could be set up in the hexagonal hydro Ore readily explained if one permits true condensation to

(i.e. proton) planes which can benefit from the insulating a%cur within the solar atmosphere
tion of intercalate elements (see Fig. 19). As a direct conse As highlighted in§2.3.7 and§2 3 8 the K-corona should

quence, change_s i_n the.dynamo and in the magnetic ﬁeldﬂ'@’viewed as a region containingidise metallic hydrogen
]Eensny, IE assc&clatt |ofn W;tr;. trt1_e s?lar cycle, an \t/)\;ahacc??nh_-ﬂ' 60]. However, given the lack of pressure which exists in
or as a byproduct of exfoliative forces (s§%.8). €N € he K-corona, this metallic hydrogen cannot regeneragéf its

inr;[er;:alate elertnednlgs tare eerIIed fro:nh t:le sun, ::onducE/ her, coronal metallic hydrogen has entered the solar-atm

o e el e being expeed o e soar body dutng ety
. ) ' riods (se§2.3.8,§5.5,§6.6 and [57, 58, 60]).

anism to both build and destroy the solar dynamo. Further ! (sed 3 S ! D

. : o " Though coronal LMH would be unable to self-regenerate,
more, by turning to this substance as a solar building blo<|;tkShould be able to provide a surface upon which other ma-

*“Thermal vibrations can lower conductivity as temperatuaes in- terials could condense. This appears to be what is happening

creased, but thisfiect is neglected in this case since both solid and liquighith coronal rain.
phases can exist at the melting point. Thus, afigot of thermal vibrations
should be similar at this temperature in both phases. "This proof was first presented as the 23rd line of evidencg [53
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In this regard, it is important to note that coronal rain is
usually visualized in it and Call [334]. These emission lines
are chromospheric in nature (s&8.4 and§3.5). Their use
in detecting coronal rain strongly suggests that this nedter
unlike the coronal loops§6.5) with which it is often associ-
ated [334], is actually condensing chromospheric matérial
Thus, much like water vapor on Earth condenses in the
morning on the grass, hydrogen, in non-metallic form, ap-
pears to generate a dense condensate onto the coronal metal-
lic hydrogen framework. This could explain why coronal rain
can been seen flowing down coronal loops [334]. As the
two substances are distinct, the hydrogen condensateyslowl R fﬁi%ﬁgipm-zﬁ; o R—
drifts back down to rejoin the solar surface. Since coronal
rain remains attracted to the metallic hydrogen surfac#ssof Fig. 22: Coronal loops visualized in helium, oxygen, neatigicim,
corona, it is unable to simply respond to the forces of gyavihagnesium, or iron. Temperatures associated with eacheimage
and its descent appears to be retarded. been inferred from the gaseous solar models. They corrdspon
Consequently, the analysis of coronal rain and its beh&-20,000K, 250,000K, 400,000K, 630,000K, 1,000,000K, and
ior appears to provide wonderful examples of the interpl&P90-000K, respectively. NASA describes this image aoid,

between structure and function within the solar atmosphefgDS can produce images of the Sun at many wavelengths. I
- addition to hydrogen, the Sun’s atmosphere contains atoms o
It strongly suggests that two distinct forms of condensed h . . . :
ommon elements like helium, oxygen and magnesium. Inghe hi

droggn are present in this region: 1) dense molecular hy ,eQﬁperature conditions of the Sun’s atmosphere, thesesatonit
gen in the chromosphere [92] and 2) metallic hydrogen |ignt at diferent wavelengths depending on the temperature of the
the corona. Coronal rain is assisting in the harvest of hyss containing them. Therefore by tuning intgiatent wavelengths
drogen atoms from the corona. In unison, the metallic hydige can make images of material which is gfafient temperatures.
gen framework, upon which it is condensing, acts to scaverigs capability is illustrated in the picture above, wher®€ has
electrons from non-hydrogen atoms [56—-60], which it coutdken images of magnetic loops of material which extend igh
channel either to the solar body, or directly to coronal raifie Sun's atmosphere. These loops have been rendered nsilfe ea
In this manner, the corona functions to help preserve bath #sible by observing them when they occur near the limb of the
mass and charge balance of the Sun. Sun, and hence they are highlighted against the dark bacigro

of space. The elements and their characteristic tempezatare
indicated on the individual images. One of the surprises tha
5.5 Coronal Loops #29 the new SOH@DS data have produced is to show that loops at
Coronal loops can be readily observed, both in the contififerent temperatures can co-exist in the same regions of this Su
uum [178-180] (se€2.3.8) and using distinct atomic emisatmosphere. The white disk plotted on the oxygen image sthews
sion lines (se¢3.5 ands3.6), as shown in see Fig. 22. Theyarth to the same scale.Courtesy of SOHACDS] consortium.
representinhomogeneous structures’which appear to be SOHO is a project of international cooperation between ES& a

attached to the solar surface and which can extend well @f@%’i‘f} hmgrtt_pZi%t;cs)\;vg\:jw(.);g/cz%n;ér;asa.ggalIerySolarCoronﬁ
the outer atmosphere [335, p. 83—84]. They can be relativély ~ ™ '

small (1 Mm in length and 200 km thick) or have great phys-

ical extent (several million meters ta substantial fraction Fig. 22, as both chromospheric lines (84, §3.5,§3.6)

of the solar radius"with diameters of 1.5 Mm) [336]. While 5 coronal lines (se$3.8) can be detected within coronal
loops do not seem to possess substructure at the resolutjggﬁsl

currently available [336], they may display such featunes 0 - o4 100ps hold an interesting line of evidence for con-

scales of about 15km [336], a value well beyond current refs «aq matter. It has been observed titae hydrostatic

olutions. Based on the analysis of coronal rain, it has begnyje height . has always the same vertical extent, regardless
suggested that coronal loops have substructures smadler {y o\, much the loop is inclined, similar to the water level in

300km [_334]' ) i _communicating water tubes withffilirent slopes’[335, p. 84]
As discussed ir§5.4, coronal loops are associated W'ttbee Fig. 23).

the presence of coronf?\l rain. In this regard, the_ fqrmer MaY The vertical height to which some coronal loops appear
well represent a metalllg hydrogen frame\_/vork W'th'n the SfNed with matter does not change depending on inclination.
lar atmosphere unto which chromospheric matter, like COfgyq |41 is containing matter which behaves as a liquid. Con-
nal rain, can condense. This would appear to be confirmgdseyy ‘it the loop was merely plasma, tHéeets of vertical

*Chromospheric matter is likely to be comprised of condensatter extent Oln loop appgarance would béidult to justify. ) .
where molecular interactions between hydrogen atomsspgeg). In this regard, it may well be that the manner in which

Hellum (20,000°) Oxygsn (250,000°) Neor (400.000°

Calcium (630,000°) Magnesium [1,000,000%) Iron [2,000,000°)
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Fig. 23: Schematic representation of the vertical extensaafle
height (dashed line) in coronal loops. Material fills thegagp to
the scale height. If the loop is significantly inclined frohetver-
tical axis, then it can be somewhat evenly filled with matt€he
analogy can be made with water filling a tube which is more sg le
inclined [335, p. 84].

coronal loops appear tdill'’ with height might represent a
build up of condensed hydrogen onto these structures. As the
loops assume an increasingly vertical position, matefial o
chromospheric nature should slowly settle towards the base
of these structures, as it makes its descent down to re-enter
the solar interior (se#3.4,§3.5,§3.6). Gaseous solar models
are unable to rival this explanation.

Fig. 24: A series of images displaying spicules ir Bn the so-

5.6 Chromospheric Condensation #30 lar limb. These images are displayed through the courtedpeof
. . . L ... Big Bear Solar Observatory which have described the sesiésla
As discussed briefly i§3.4, the chromosphere s filled W'thows, Limb Spicules: The Figure shows the limb of the Sun at dif-

spicules [337] which seem to extend as disoriented hair R&ant wavelengths within the H-alpha spectral line (frort @m
yond the surface of the Sun.As demonstrated in Fig. 24,pluewards to 0.1 nm redwards of the line center). Some of the
spicules can be observed imxH They can also be seen irspicules (jets) extend above height of 7000 km. The images ha
other chromospheric emission lines, including those fram cbeen processed with a high pass filtenttpy//www.bbso. njit. edy
cium and helium (se§3.5,§3.6 and [150, p. 8)). images.htm| — Accessed ori3®/2013.

The gaseous models of the Sun have no simple means to
account for the formation of these structufeBroponents of
these models have expressed that two classes of spicuses exi Spicules seem to move up with nearly uniform speeds
Type Il spicules are short-lived (10-150s), thin200km), [206, p.61]. These speeds can actually increase with eleva-
and said to fade [338]. Type | spicules have a 3—7 mindten [150, p. 45-60]. Spicules can rise in jerky fashion opst
lifetime and move up and down [338]. It has been stated tigitite suddenly [150, p.45-60]. They céxpand laterally
Type Il spicules might be responsible for heating the corofisplit into two or more strands after being ejectef@37].
[338], but this claim, along with the very existence of Type All of this behavior, and the ability to document it, sug-
Il spicules, has been challenged [339]. Nonetheless, @esgests that spicules are not devoid of density against an even
the densities brought forth, spicules are still believedéo sparser background. Rather, they seem to be the product of
propelling matter into the corona. condensation. It is almost as if much of the material in the

Counter to these ideas, the metallic hydrogen model hofdlgomosphere exists in a state of critical opalescence, tha
that spicules are the product of condensation reactiores (Stfange state wherein matter is not quite liquid and noyfull
§3.4,§3.5,§3.6 and [59, 61]). They enable hydrogen atomgaseous [35]. Just a slight disturbance can cause the entire
gathered in the solar atmosphere, to rejoin the solar bduy. Bubstance to rapidly condense. Such a process would be es-
greatest clues for such a scenario come from the analysis@itially independent of direction (vertical or horizdpthut
spicular velocities which appear to be essentially inddpen

of gravitational forces [209—215], tablish a relationship between spicular velocities andvigational forces
(e.g. [337]).
*This proof was first presented as the seventh line of evidf8&6, $The author has previously described the situation as fell6@riti-
59, 61]. cal opalescence occurs when a material is placed at thecatifpoint, that

Spicules extend well into the lower corona where densitiesprding combination of temperature, pressure, magnetic field, amadity wherein
to the gaseous models, could be no greater #1n'° g/cm?®, i.e. the density the gagiquid interface disappears. At the critical point, a trgvaent lig-
of the upper chromosphere [148]. The associated densitiesl@ 2 of the uid becomes cloudy due to light scattering, hence the teiticalropales-
Earth’s atmospheric density at sea level 2x10°3 g/cm® [149]). cence. The gas is regaining order as it prepares to re-eritercondensed

*Some authors have attempted, although not very convingingles- phase”[35].

124 Pierre-Marie Robitaille. Forty Lines of Evidence for Conded Matter — The Sun on Trial



October, 2013 PROGRESS IN PHYSICS \Volume 4

would be guided by local fluctuations in material concentravidence that the ejected material and the surface uporhwhic
tions. This would explain the erratic behavior and oridntat it splashes are comprised of condensed matter.
of spicules.

The formation of spicular material suggests processes thet ~ Solar Winds and the Solar Cycle #32

are being observed near the critical point of a dense fo¥Bar winds have presented astronomy with a wealth of in-
of hydrogen [92] in the chromosphere. In moving from thgmation, especially when addressing variations in meliu
coronato the photosphere, thigeset of gravity becomes more,pndances [342-351]. Two kinds of solar winds can be
important and, though te_mp_eratures might not be changjagnitored. They are known as slow400knys) and fast
much (see§2.3.7), material in the chromosphere could Bg00_goo kiys) winds [349]. They dfer only slightly in their
falling sufficiently below the critical point to allow for rapid particles fluxes (2.% 108 cm 2 s L versus 1.& 108 cm 2 s°,

condensation [35]. respectively), though they can have significant variations

Whether or not critical phenomena are being expressgdir proton densities (8.3 criwversus 2.5 crt?, respectively)

in the chromosphere [35], it remains relatively certaintthﬁmg]' Fast solar winds are typically associated with caton
spicules themselves represent sites of condensation 8othg,g|eg [52,349].

lar atmosphere, as manifested both by their dynamic behav-gq; ihe gaseous solar models, the origin of solar winds

ior and by the emission lines with which they are associatgdnends on the presence of a hot corona, which thermally
(§3.4,83.5,§3.6 and [59, 61]). Itis highly likely that spiculesgyhands as gravitational forces decrease with distancd.[35
are not propelling matter into the corona, but rather, theyt 1, body of the Sun is not involved, as a gaseous Sun must

are enabling hydrogen, presentin the solar atmosphere; (G&main in perfect hydrostatic equilibrium, i.e. the forads

assume a condensed state and return to the solar bodyqlyity must be exactly balanced with electron gas and radia
this case, they act to harvest hydrogen and return it to ﬁ% pressure [13, p. 6-7].

photospheric intergranular lanes [59], as illustratedvatio In bringing forth a solution for the origin of solar winds,

Fig. 14. . . _ . Parker [352] would carefully consider earlier findings [353
As with coronal rain, the chromospheric matter whicBs ) giermann had studied the orientation of comet taits an
makes up spicules should be comprised of dense hydroggRa|,ded that coronal particles were flowing away from the
which is non-metallic, as it retains some hydrogen-hydnogg, o pody [353]. At the same time, Unsold and Chapman
molecular interactions within its lattice [92]. This defflseEm o4 ced that the Sun was expelling charged particles respon

of hydrogen, upon entering the pressurized environment@fje for geomagnetic storms and computed the associated

t_he solar interior, could then be transformed back to themelyosities [354]. Parker would make the logical link between
lic state [59]. these events, but required for his solution that the spame-oc
5.7 Splashdown Events #31 pied by coronal matter expapdeq as it moyed away from the
Sun [352]. In order to permit this expansion, he postulated
Following violent flares, matter can be seen falling, in &rgnhat the corona must exist at millions of degrees [352]. He
fragments, back onto the solar surfdcghe phenomenon re-pelieved that the outer corona could remain very hot, since
sembles a huge mass of liquid projected into the air and theRapman had calculated, a few years before [355], that ion-
crashing back to the ground. A particularly impressive évgged gases could possess tremendous conductivities. -There
was witnessed on June 7, 2011 [340, 341]. Solar matefile, heat could be channeled from the lower corona to the
was ejected, as a great, almost volcanic appearing event,Qfter solar atmosphere, to drive the solar winds.
curred on the photosphere. Solar matter was projectedttarin - Ag a result, the gaseous models have required the impos-
the corona, reaching heights well in excess of 500,000 kgih|e from the corona. The latter must be heated to temper-
Upon reaching a certain impressive altitude, the ejected phtyres well beyond those of the solar core (§8€8) using
tospheric matter was seen to fall back onto the solar boﬂ)’ocesses based on magnetic fields [148, p. 239-251]. Then,
Striking the surface, the descending material produced§tr jt myst transfer this energy in two directions. First, theora
brightening at the impact points. must be able to drive all violent activity on the solar sur-
These events elegantly support the contention that flaggss [12], like flares and coronal mass ejections ($&d
and CMEs are driven by the buildup of pressure within the sgnq [179]). Second, it must allow energy, through its eletat
lar interior, not by transferring energy from the coronadll8 conductivity [355], to reach the outermost layers of thesol
Most importantly, following the ejection of material from aytmosphere. In this manner, the corona itself can proviele th
flare, the return of mass towards the solar surface can be gigrmal energy required to drive the solar winds [352].
tinctly visualized. The associated impact points providaic But, if energy can dissipate into the outer corona through
*There could be substantial opposition to the idea thatatiphenom- elevated conductivity, how can it be available to drive aoef

ena are being observed in the chromosphere. However, sgiouhation  activity? How does the directionally opposite flow of headin
seems to reflect the scale lengtfeets which characterize these processes
"This proof was first presented as the 24th line of evidenck [53 #This proof was first presented in [47, 48, 52].
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conductive material, like the corona, not constitute aatioh sitioned orthogonally to the solar surface [52]. This would
of the Second Law of Thermodynami¢d?urthermore, why enable the rapid ejection of intercalate atoms from thersola
require that heat be transferred into the corona from ther sohterior at the poles when the Sun is quieéh the convection
interior prior to its application elsewhere in the Sun? Wigone below the solar equator, the intraplanar axis (A in&jig.
not simply let the solar body do the work? would be rotated by 90 becoming parallel to the solar sur-
In any event, to maintain the requirements of hydrostafce. This would act to restrict the degassing of interealat
equilibrium [13, p. 6-7], the Sun must let its ultra-low deratoms, resulting in slow solar winds above the equator.
sity vacuum-like corona maintain every unexplained preces A clearer understanding of solar winds provides new in-
It does so by transferring energy from the solar interior usight into helium abundances [47]. It has been argued that
ing magnetic fields, even though gases are unable to generateent estimates of solar helium levels are largely oderes
such phenomengb.3. mated [47]. Evidence suggests that, during active pertbds,
The requirements that the corona is hot also introduces 81 is expelling helium from its equatorial region, not ireta
problem of the cool K-coronal spectrum (sg&3.7), which ing it (see Fig. 15) [47].
must, in turn, be explained with relativistic electrons.wHo  Helium levels in the solar wind can vary substantially
could relativistic electrons survive in a conductive med® with activity. When the Sun is quiet, the average/Hiea-
Resorting to this proposal hampers the search for the undigrin the slow solar wind is much less than 2%, often ap-
lying causes of the solar cycle. proaching<0.5 % (see Fig.1 in [348]). However, when the
Conversely, Christophe Robitaille has theorized that tBein is active, the ratio approaches 4.5% [348]. Relative he-
Sun is expelling non-hydrogen elements synthesized witliimm abundances can rise substantially with solar actiliitg
its interior (private communication and [48])In the LMH flares [347], and the HE ratio increases dramatically during
model, the Sun possesses a true graphite-like layereddattjeomagnetic storms [343]. Extremely low MHeratio values
(see Fig. 2) over much of its volume, except perhaps, in the0.01, rising to 0.08, with an average of 0.037 have been
core? Itis known in graphite, that layered lattices can accomeported, when the Sun was quiet [343],/Heatios can vary
modate the intercalation of atoms [18], as has been illtestragreatly, especially in slow solar winds [343, 346]. Therefo
in Fig. 19. In this case, protons occupy the hexagonal planastronomers have assumed that solar winds cannot be used to
electrons are flowing in conduction bands, and non-hydrogessay this element [347]. However, it is more likely that tvha
atoms are found in the intercalation regions. These atoim¥eing observed has not been correctly interpreted.
can freely difuse in the intercalation zones, but would expe- Extremely low He¢H ratios challenge the premise that the
rience restricted diusion across hexagonal hydrogen plan&sin has an elevated helium abundance [47, 241, 242], send-
(see Fig.19). Such simple considerations, within the cdng shock waves throughout cosmology (see [47] for more
text of intercalate structures, can readily account fosstilar detail). As helium can be essentially absent from the so-
winds [47,48,52]. lar wind, astronomers, rather than infer that the Sun has a
In this model, the tremendous pressures within the solaw helium abundance, assume that the elements must not be
interior provide the driving forces for the solar wind. Nonproperly sampled. Helium must be gravitationally settling
hydrogen atoms in intercalation regions are being expel@ Sun (see [48] for a detailed discussion) or is being de-
from the solar body by simple mechanical action, in acc@troyed on the way to the detectors by processes occurring in
dance with known exfoliative processes in graphite [48}. Fthe corona [347, p. 298].
instance, an atom traveling at 800etould leave the cen-  The fast solar wind is thought to represent a less biased
ter of the Sun and escape at the surface in only fifteen mippraisal of elemental abundances [347, p.295], predisely
utes [52]} cause helium is being ejected from the Sun and subsequently
During quiet solar periods, the known presence of fast stppears abundant. Aellig et al. report that the fast soladwi
lar winds over coronal holes [52, 349] could be readily ekas a helium abundance of 4-5% throughout the course of
plained. It requires that the intraplanar axis (A in Fig. 2heir five year observation (see Fig. 2 in [348]).
of metallic hydrogen, in the polar convection zone, be po- These results can be readily explained when considering
that the Sun is condensed matter. When the Sun is quiet, itis

*It is already dificult to accept that a low density vacuum could transfe e . . . .
its energy to the solar surface. This scheme becomes evea strained degassmg its intercalation regions, p”mamy from tthpO

when coronal energy is permitted to flow freely, using cotidagaths, away Large amounts of helium can accordingly populate the fast
from the Sun. The only solution implies a violation of theskitaw of solar wind. When solar activity is initiated, the Sun begims

Thermodynamics, i.e. energy is being created in the miditlesocorona. degas its equatorial regions. Much of this helium then tgave

fLithium provides one notable exception, as see§drB and [54]. . .
A body center cubic structure, as proposed in computatistualies of along with slow solar winds to our detectors, and those con-

dense plasmas by Setsuo Ichimaru [97]Y would be approp‘[‘.a@e solar centrations are IlkerSe elevated. HOWEVGI', When the Sun IS
core (seg6.5).

$This compares to thousands, perhaps millions, of years fiiogon to ICoronal holes persist above the poles during periods ofcestigolar
leave the core of the gaseous Sun §28.1 and [42]). activity (see§4.6).
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quiet, virtually no helium reaches our detectors in the slow
solar winds, as this element is how trapped in the equatorial
intercalation regions. This scenario provides strong vaeti
tion for concluding that the Sun is actively degassing meliu
and that the true internal abundances of this element must be
much lower than currently estimated [47,241, 242].

Not only can the LMH model account for the production
of solar winds, but it advances an underlying cause of the
solar cycle: degassing of the solar body [48,52]. When the
Sun is quiet, fast solar winds are able to degas the convectio
zones below the poles. This helps to explain why sunspots are
never seen at these latitudes. However, during this petied,
equatorial regions are experiencing restricted degassimg
is due to the parallel orientation of the hexagonal hydrogem. 25: Variations in sound speed within the Sun. Red region
planesin layered metallic hydrogen lattice, with respethé are hotter than the standard solar models, while blue regiwa
solar surface. Such an orientation prevails in the undaglyicooler. Thisimage has been provided courtesy of S@Mhelson
convection zone when the Sun is quiet. Solar activity is ifdoppler Imager] consortium. SOHO is a project of intermagicco-
tiated when active degassing of the equatorial planes begftperation between ESA and NASA. (hffpohowww.nascom.nasa.
This occurs in association with a rotation or partial breaf9v9alleryimagegmdio25.html — Accessed on 12013).
down of the hydrogen planes, as was seen when discussing
sunspots§2.3.3). This is the reason why coronal holes can
appear anywhere on the solar surface when the Sun is active,

as discussed if4.6. When accounting for solar winds, coro-

nal holes, and solar activity, the LMH model far surpassesifiotosphere, with a density of oniyl0™7 g/cn® [148], can
insight anything &ered by the gaseous models. act as a resonant cavity. Within the gaseous models, the Sun

has no distinct surface, hence it cannot provide a physical
6 Helioseismic Lines of Evidence boundary to sustain solar oscillations.

. . . Fig. 25 displays slight diierences in sound speed with the
Seismology remains a science of the condensed state. &Hdard gaseous model. A detailed analysis of such stud-
SO, propongnts of the gaseous models_ adhere t_o the p%\'gfcan be profitable. Bahcall et al. [361] have also compared
that helioseismology can claim otherwise. In this sectlotrI'J],e
a group of six helioseismic conclusions will be briefly e
amined. Each provides compelling evidence that the Su
comprised of condensed matter. It might be argued that ot
helioseismic lines of evidence could be extracted. Only

have been selected for their scientific impact.

oretical results with experimental helioseismic firggifor
XStandard gaseous models. Absolutely amazing fits are ob-
dined throughout the solar interior, but the authors fail t
Fvide comparisons for the outer 5% of the Sun (see Figs. 12
fd 13in [361]). Yet, all observational data is being aceqlir
precisely from this region. Therefore, any perceived eixper
6.1 Solar Body Oscillations #33 mentaltheoretical agre_ement has little validity.
As was concluded i§3.1, the Sun presents the observer
The Sun acts as a resonant cavityt sustains oscillations, with a distinct surface in the UV and X-Ray bands. This sur-
as sound waves travel (see Fig. 25), within its interior [35¢ace is covered by low-frequency 3 mHz oscillations [362].
360]. The most prevalent solar oscillation has a period gfidence for a distinct surface has also been presented by
5 minutes, but many more modes exist [356—-360]. Thus, tf¢mma-ray flares (s€8.2). The Sun behaves as a resonant
solar surface is reflecting internal audio waves and thise€&wcavity in the audio bands, implying a true surface. But the
the entire solar body taing’, as it succumbs to seismic acgaseous models must maintain that the solar surface is but
tivity. an'‘illusion’, to somewhat poorly account for limb darkening
Though scientists currently utilize helioseismology t-ju (see§2.3.2). Unfortunately, illusions make for poor resonant
tify the gaseous models [356-360], the conclusions would &yities. It is more logical to infer that the Sun has a digtin
better suited to a condensed Sun. It is not reasonable thati@ace over the entire span of relevant wavelengths (d¢adio
*In this regard, it should be remembered that the chromospdradt the X'ray)’ as prowded by condensed matter.
corona are working to actively recapture hydrogen, prqtans electrons. Despite denial that the Sun is either liquid or solid, as-
This would act to elevate the Hé ratio detected in any solar wind. In ad-tronomers refer to solar seismic event<'similar to earth-
idn'gg?(’ (:L“:f:i;higs)”nqa'i ﬂﬁgﬁjfe'”lirgfZﬁae'astglgf%fgf ::ﬂ“’teggﬁe\s;zge quakes’[362]. Such analogies are in keeping with the known
as composed almost entirely of hydrogen. truth that seismology is a science of condensed matter. The
"This proof was first presented as the fifth line of evidence38542]. same can be said for the Sun.
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6.2 Mass displacement #34 Attempts to generate these waves, not only in a gas, but in an

On July 9, 1996 a powerful X-ray flare disrupted the solg}tra-low-densny vacuum, challenges scientific reason.

surface, as illustrated in Fig. 26 [362, 363This image was g 3 Higher Order Shape #35

obtained through Doppler methods. Consequently, material ] ] )
moving towards the observer appeared brighter, while mategismological studies have revealed that the Sun is not per-

propagating away from the detector seemed darker. Thdgrstly oblate §4.4) but rather, is characterized by higher order
fore, the flare itself was bright. quadrupolar and hexadecapolar shape terms which appear de-

pendent on the solar cycle [364]Higher order shape terms
involve forces beyond those produced with simple rotation o
a homogeneous liquid mass. They imjahyernal structure
within the SunHence, they stand as a sublime indication that
the solar body possesses real structure beyond the core.

It would be extremely dficult to justify that fully gaseous
objects could ever sustain observable internal structfral
fects. Yet, the higher order quadrupolar and hexadecapolar
shape terms must arise from internal structure. Conversely
within the context of the LMH model, higher order shape
terms would be expected. It has already been mentioned that
the hexagonal hydrogen plane orientation (see Fig. 19geat t
level of the convection zone, could account for coronal fiole
solar winds, and the solar cycle (s¢&.8). Hexagonal hy-
drogen planes could give rise to large layers, moving over
one another, whose orientation relative to the solar serfac
could slowly vary from equatorial to polar regions (i.e. par
allel versus orthogonaf) This would give rise to true under-
lying structure in the convection zone, as expressed indnigh
Fig. 26: Doppler image of a solar flare and the associatedrdistorder shape terms.
bance on the solar surface acquired by the NAS®A SOHO satel-
lite [362]. Courtesy of SOH{Michelson Doppler Imager] consor- 6.4 Tachocline and Convective Zones #36
tium. SOHO is a project of international cooperation betwESA
and NASA.

The Sun possesses a convection zone characterizeétény di
ential rotation [356—360].While a gas can easily be thought

Kosovichev and Zharkova [362] support the notion, celf undergo Fﬁerential rotaFion, the Sun is characterized b)_/
tral to the gaseous models, that flares are being excited vfiPther region: a tachocline layer separates the convectio
coronal energy. They suggest thathigh-energy electron Zone from the solid solar core (s§€.5). .
beam(is) heating the cool chromospheric ‘target’ 'Surface _The tac_hocllne region acts as a_shear layer within the Sun.
activity is driven, not from the interior of the Sun, but fron] NiS layer is known to be prolate in nature [360, 365-367].
the coronal vacuum. Nonetheless, the displacement of mdta€ tachocline is generally thicker and shallower at theéig
rial observed in Fig. 25 strongly supports Zoliner’s ideas Iatl.t_udes [360, 366]. It seems to display some temppral- vari
garding the nature of solar flares, as previously discussed@pility across the solar cycle [366], strongly suggestorg.e
§5.1 and$5.7. It appears that the flare was produced whégain, that structural changes are taking place withindlaa s
pressurized material was ejected from the solar body bey&fgly (See$5.8 ands6.3). _ o
the photospheric surface. When considering the tachocline layer, it is important to

But, when the flare emerged, it produced enormous trafecall that s_hear stresses requi_re the presence of a physica
verse waves on the surface of the Sun. The crest to crest Bidne- For instance, the equation for shear stressfates
tances are on the order of 10 Mm. Kosovichev and Zharkd{}t 7=F/A, where F=force and A-Area. It is not possible
[362] describe these tra_nsverse Wave‘g‘wmbl”_]g ripples "This proof was first presented in [50], as supportive§éf4. How-
from a pebble, thrown into a ponddnd maintain that the ever, solar oblateness does not depend on the use of hefiaslegy for its
behavior can be explained with computations involving gégermination §4.4) and has been invoked by Jeans [27, 28] as providing a
models. Still, they visualiz&ipples on a pond”, a direct ref- mechanism to generate binaries [3]. As for higher order shiafs indica-

) ' . . ! . tive of forces which dfer from those involved in creating oblateness. Upon
erence to behavior which can only be observed in condengggnsideration, higher order shape now stands on its owrseparate line

matter. Gases can sustain longitudinal, not transversesvawf evidence.

#This resembles tectonic shifts on Earth. Such a paralleldrasn by
*This proof was one of the earliest [4,29] and was presentethestime, Luc Robitaille (personal communication).

as the sixth line of evidence [35]. §This proof was first presented as the nineteenth line of ecel¢50].
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to have a shear stress without acting on a surface, or an oiga{214, 369-372] have successfully detected seismic svave
nized lattice plane of atoms, as provided by condensed maitethis region of the Sun and the presence of both incompress-
Imaginary planes cannot experience shear forces. ible and compressible waves is now well-established. These
Consequently, the shear nature of the tachocline, and #ine viewed as magnetohydrodynamic waves (MHD) in na-
fact that it displays a prolate nature, provides clear ewide ture#
that the solar body is physically structured. Furthermidre, The existence of incompressible transverse waves in the
appears that this is an area of the Sun which can undesgtar atmosphere [214, 369-372] suggests, once again, that
changes with the solar cycle. These results are most grabes region of the Sun contains condensed matter. These have

fully explained by the LMH model. been observed in spicules [214] and within the chromospheri
level [372]. Their detection implies that the densitieshafte
6.5 Solar Core #37 solar layers are well in excess of those which typify Earthly

As was suggested §6.4, the core of the Sun undergoes soli¢(fcuums. _ o

body rotation [368]. This conclusion, has been reached by a AS & point of interest, it is known that comets can send

virtual who’s whoof authority in helioseismology [368]. |nShock waves throughout the solar corona and chromos_phere.

the central portion of the Sufi, . . the rotation rate appears On January 29, 2013 (see [373]), a comet begins to disrupt

to be very little, if at all. Its value is 430 nHZ368]. the solar atmosphere when it is more than-]Bway from
Solid body rotation in the solar interior directly implie$n® Sci?r surface. At this location, the corona has no densit

that the body of the Sun cannot be gaseous. This rotatigrt0'> g/cn, the density of the upper chromosphere [148]),

requires the presence of powerful cohesive forces withn fccording to the gaseous models. Itis unfeasible that eaxult

Sun. None can exist in a gaseous object. low-pressure vacuum could be able to respond to the entry of
The observation is more in line with Setsuo Ichimaru&cometin this manner. The ability of comets to trigger shock

conjecture §2.3.1 ands5.8) that the central portion of the/ave propagation throughout the solar atmosphere indicate

Sun can be considered to exist as a one-component plag?ﬁéth's is a region of elevated density. This conclusian is

of metallic hydrogen [97, pp. 103 & 209]. Ichimaru adopte£ePing with the LMH model of the Sun.

the body-centered cubic structure in his studies [97-9€]] a  lemental Lines of Evidence

this lattice configuration would make sense at the center of

the Sun. 7.1 Nucleosynthesis #39

In this respect, Ichimaru based the density of metallic hiyas peen gloriously stated that the elements were formed i
drogen in the core on conclusions dgrlved from gaseous mgqks stard. In this, there appears to be much truth [374-388].
els. If the photosphere of the Sun is truly condensed, thefym its inception, stellar nucleosynthesis has always bee
the values he adopted (56.ZcgP [98, p.2660]) would be closely linked to stellar evolution [129, 374-378].
much too elevated. In a liquid model, the density cannotvary The idea that the Sun could synthesize helium was first
much throughout the solar body, remaining near Jehg proposed by men such as Gamow [377, 378], Bethe [379—
(i.e. slightly lower at the photosphere and slightly highrer 381], von Weisacker [382] and Hoyle [383, 384]. The p-p
the core). Atthe center of the Sun, we are merely withessigction, wherein two protons combine to make a deuteron,
achange in lattice structure from a layered Type-I lattioro \yhjje relying on positron and neutrino emission, would come
most of the photosphere, to a more metallic layered Typgdl pjay a vital role in*He synthesis within low mass stars
lattice in the convection zone, and finally to a body-cerniergm’ p.118]. For stars with a greater mass than the Sun,
cubic lattice in the core. Intercalate atoms would be presgfyine and von Weisacker, in 1938 and 1939 [380-382], ad-
within Type I'and Type Il layered lattices. If they changenTo \anced thatHe was being formed in a simple cycle involving
the condensed to the gaseous phase, these intercalate W%@en, carbon, and oxygen (CNO).
could slightly reduce the average densities of these layers Early on, Hans Bethe had argued tfrad element heavier

The LMH model is more in keeping with physical obsethan4He can be built up in ordinary stat§381]. With those
vations within the Sun. It is not reasonable to advance ”Wérds, the Sun was crippled and stripped of its ability to enak
gases rotate as solid bodies. Condensed matter enable§%|ement beyond helium.
formation of a solid core which can account for the observed” ggethe had reached his conclusion based on the probability
rotations. of nuclear reactions in the gas phase and at the temperatures
of ordinary stellar cores [381, p.435]. If this was true, how
did the Sun come to acquire the other elements? For Bethe,
Helioseismology has been extended to the outer solar atriie answer appeared straightforwdfthe heavier elements
sphere [214, 369-372]. Coronal and chromospheric studfound in stars must therefore have existed already when the

6.6 Atmospheric Seismology #38

*This proof was first presented as the twentieth line of exidgb0]. *See [372] for a brief, but well compiled, literature review.
"This proof was first presented as the 29th line of evidenck [58 $This proof was first presented in [44, 48].
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star was formed’[381]. Extremely large and hot, first genmodel, dense structures enable the synthesis of heavy ele-

eration stars, had, soon after the Big Bang, created theyheaents which is not restricted to the solar core, but expresse

elements [389]. These elements merely represented contamthe convection zone where the intercalation regions @n b

ination in the Sun, a product of objects extinguished lorigund.

ago. A metallic hydrogen framework can restrict protons to lat-
At the time that the CNO cycle was outlined [380-382fice points in the hexagonal plane and confine other atoms to

the discovery of metabolic cycles was creating a fury in-biche intercalate layer [48]. Solar pressure and latticeatibns

ogy. Just a few years before, in 1932, Hans Krebs (Noleeluld act in concert to enhance the probability of nuclear re

Prize, Medicine and Physiology, 1953) had discovered thetions. Two adjacent protons, in the hexagonal hydrogen

urea cycle [390]. He would go on to outline the tricarboxyliplane, could give rise to a deuterium atom, with the asso-

acid (TCA or Krebs) cycle in 1937 [391], the discovery fogiated positron and neutrino emission [388]. This deutariu

which he gained international acclaim. It cannot be doubteguld then react with another, leading directly to the sgaif

that these great pathways in biology influenced astrophlsief “He. Alternatively, it could fuse with a proton, leading to

thought. Cycles seemed all powerful. the formation ofHe. Both*He and the light helium isotope,
Biological cycles initially concealed their many lesson8He, would be immediately ejected into the intercalation re-

It would take years to fully understand that they were highgyion [48]." Over time, the intercalation region could sustain

regulated entities. Biological cycles required a complementher nuclear reactions and become the birthplace of all nat

of reactions and cofactors (small activator molecules os)o urally occurring heavy isotopes. The Sun and the stars gain

which could either sustain the levels of intermediates er ahe ability to synthesize all of the elements [44, 48].

tivate key enzymatic reactions. Similar regulation woutd b |n this regard, it is well-known that solar flares can give

difficult to envision in the case of the CNO cycle. As a resiffemendousHe abundance enhancements [180]. Eruptive

can this cycle truly occupy central positions in the synthesgjares have been known to produittée/*He ratios approach-

of “He in the stars? Why confound the process by resortipg 1 [186], and thousand-fold enhancements of this ratio

to a cycle, when simple reactions between hydrogen atoRage been observed [392]. These findings can be better un-

should be sfiicient for all stars? derstood in a solar model whereiile is being preferably
Itwould seem fortuitous that precisely the proper amour§ianneled into intercalation regions ofete. 3He could then

of carbon, nitrogen, and oxygen has been distributed witkjzplay an enhancement ovéte when released into the solar

stellar interiors, to permit these reactions to take plalfe. atmosphere during activify.lt would be dificult to account

stars are truly gaseous, how do they ensure that these eenfep the finding for the gaseous models, but the result can be

are not destroyed, or used up, by competing nuclear reactigasonably explained using the LMH model.

— something which can be prevented or exploited to advan-

tage in biology? Unlike a biological cell, with its intricat

means of forming, separating, and transferring metatslite

the gaseous star cannot control the course of a single reéhc-Earthly Lines of Evidence

tion. Everything must occur by chance. This complication i, earthly lines of evidence may be the most powerful. They

directly oppqsed to the subastgnce of cycles. are certainly the most far reaching. Climate dictates our fu
Concerning nucleosynthesis, proponents of the gaseQys and the survival of humanity.

models require the improbable. Hobbled by theory, they must

. . ; Thus, it is fitting to close this discussion with the climatic
claim that first generation stars created the heavy elemeﬁﬁ% of evidence. This acts to highlight that there is much

Moreover, they advance that, while mankind has succeysftMore to studying the Sun than intellectual curiosity. Astsuc

synthesized many elements, the Sun is unable to build a{Wé‘Young Sun Problenand the great Maunder minimum of
thing beyond helium. First generation stars which no Iong[?]re middle ages are briefly discusded

exist had done all the work [389]. These conclusions, once
again, call for the suspension of disbelief. It is much more "3He could also emit a positron to make tritiufH. Remaining in the

reasonable to assume that the Sun has the ability to syréhegixagonal plane, this hydrogen isotope could then reabtandingle proton
all the naturally occurring elements, based on their presemm make*He, which could then be expelled into the intercalate region
in the solar atmosphere. This requires simply that the reaction of a deuterium atoth eproton

. . . . is preferred over its reaction with another deuterium atdrhis would be
In turning his attention to dense plasmas, Ichimaru rec bected in a hyrogen based Sun.

nized that they could provide additional freedom in elemen- $the solar neutrino problem has not been addressed in this asa

tal synthesis [97-99]. These ideas have merit. In the LM exposition would involve too much discussion. fce it to state that

difficulties involved in obtaining proper neutrino counts hyghliggest that
*Note that the author has proposed a cyclgdr6. In this case however, the Sun is sustaining other nuclear reactions beyond thglsisynthesis of

the formation of triplet He has not been left to chance. Ihisdirect product “He.

of a systematic chemical reaction. The other reactant icyhke, hydrogen, IThese constitute a single line of evidence as they are btatedeto

is present in excess. climatic changes on Earth.
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8.1 Climatic #40 over time. The LMH model is much more in accordance with
8.1.1 The Young Sun Problem observational facts in this regaid.

The gaseous models infer that, when the Sun was you8d,.2 The Maunder Minimum

it was much cooler than it is at present [393-395]. Once . i )
thoughtto be faint and dissipating much less heat onto the i 9r€at minimum appeared in the Sunspot cycle during the

face of the Earth, a gaseous Sun became increasingly wil dle ages. This minimum was first recognized by Sporer
over time. Thus, the Sun was once thought to be faint, diy! _Maunder [400-404]. _lt is known today as Mau_nder
pating little energy onto the Earth. Two billion years ade t mlnlmum[4_103]. Many be_lleve tr]at the Maunder minimum
mean temperature of the Earth’s surface would have been\qggass_omate.d with htt_le ice age on Earth [403]. The con-
low the freezing point of water [393]. A paradox arises, sin& USion is particularly imely, since the Sun may be engrin
geological studies have revealed that water existed orn E&ROtNer minimum in 2013, as solar activity apparently drops

in liquid state as early as 3.8 billion years ago [393—-395]. to avtgotyear Iowt[:OS]. L . dels. th
In order to resolve this problem, Carl Sagan was one of at causes these minimae=inh gaseous models, the an-

the first to advance that the answer could be found in tfm\é{ers will be dificult to ascertain, as these ideas have dif-

Earth's atmosphere [395]. If the young atmosphere was ré%u“y allc.countmg for any solar activity. AS. for the LMH
model, it is based on the tenant that solar activity must he fu

In COz, then the greenhouséect and global warming [396] 8menta|ly related to degassing of intercalate atoms.aperh

provided an explanation [393-395]. Everything appearedt e Maunder minimum arises because the Sun has been thor-

be resolved [393]. ) ;
. . - . oughly degassed, either through an unknown internal mecha-
Still, some remained unsatisfied with the greenhouse so-
nism or an external force.

lution. Several stated that a young Sun was more massive . . .
: : . In this regard, it may be important to recall that comets
and accordingly, hotter [393, p. 457]. In this scenario aun S
lost enormous amounts of material over the years thrdagh"lepear to send shock waves through the solar atmosphere as
they come near the Sun [373]. These shock waves could be

vigourous, pulsation driven, §olar w-|no[393, P 457].' The der%;assing our star beyond normal, hence reducing the need
young Sun could have been fifteen times more luminous t?‘gj

. . 3{uture solar activityShock degassingay seem unlikely.
now, simply as a consequence of these changes in mass [393, I .
0. 458]. owever, comets do have periodic motions around the Sun.

One or more could cyclically return to cause sufieets. In

But, itis difficult to conceive how a gaseous star, wolent%is respect, the comet ISON is arriving in just a few days

expelling mass despite great gravity, will cease to do S0[266]. It will be interesting to note the shock wave it com-
gravitational forces decrease. Nonetheless, these lukss i mands as it orbits the Stin

have survived, although with less dramatic changes in mass
loss [397]. In this approach, the gaseous young Sun was 83t Conclusion
faint, but bright [397]. This was more in keeping with warrq_

Iroughout these pages, a trial has unfolded relative to the
temperatures both on the Earth and on Mars [397] Greeé]nstitution of the Sun. Prudent consideration of the qoest

house &ects could not simultaneously explain these findingr quires the objective analysis of solar data. Observation

In the end, the LMH model has a distinct advantage re?— . . .
. .must be gathered and rigorously considered in light of known
ative to the young Sun problem. Only the gaseous equat|?8|‘“bs

of state demand that a star like the Sun must become incre%(_)ratory flndln_gs. Sugh were the lessons imparted long ago
. . ; ) when Gustav Kirchhfd first contemplated the nature of the
ingly luminous as it evolves.But over time, a Sun based o

. Sun [26].
condensed matter, should cool from the most luminous (ClaSSKirchhoff’s approach has now been repeated. A wealth

O) to the coolest- stqr type (I'e.' Class M). of information has been categorized and meticulously eval-
Some may highlight that, if our Sun was once an O. ?laﬁated. Data spanning every aspect of the solar science has
star, th_ere should be no water on Earth. '_I'he_s_upposmorbbsen included. Not a single fact was deliberately omitted or
not valid. When the Earth was young, smen_tmc consenﬁqgored' Rather, the full complement of available evidence
states that it was molten (see e.g. [399]). This can be ear s been weighed and described. The Sun itself was permit-

explalneq if the Sun was once an O Clafss star, but not | &g to dfer full testimony. In completing this exercise, a total
was a faint gaseous object. The Earth, like our Sun, coole

fThe mystery of the appearance of water on a planet that was onc
*The author has previously addressed Lane’s law and thesiseddumi- molten has not been properly addressed by anyone to theraukinowl-

nosity gained by the gaseous stars as they evolve [3]. Wither to stellar edge.

evolution, the LMH model will advance that stars cool as teegive and do *Shock related degassing of the Sun should be viewed as someth

not increase in luminosity. The brightest stars (ClasseadD? are actually positive. A star unable to properly degas might well exteliaas discussed

the youngest, while the faintest are the oldest (Class Mis iBhcompletely in [48], and become a red giant or a supernova. Thereforeksiegassing

contrary to current beliefs in astronomy. Stellar evolutwill be addressed may well be necessary, even if Earthly temperatures subséguall for

in considerable in detail in an upcoming work [398]. rather long periods of time.
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of forty lines of evidence have been addressed in seven briaages, might be best understood as an ever-present need to
categories. Each has spoken in favor of condensed mattereject elements from its interior.

Of these, the Planckian lines of evidence, as outlined in Finally, a conclusion must inevitably be drawn. Can a
§2, will always merit the preeminent positions, since they djaseous Sun truly survive, based solely on mathematical ar-
rectly reveal true lattice structure at the atomic level.e Tiyuments, when not a single observational line of evidence
solar spectrum, limb darkening, and the directional emisslends it support? In the end, such an arsenal of observationa
ity of many structures (sunspots, granules, faculae, ntamgneroofs has been supplied that there can be little doubt in the
bright points, spicules, the K-corona, and coronal stmasti answer. Formulas can never supersede observational finding
highlight that metallic and non-metallic material can berfd Hence, only a single verdict can be logically rendered. The
within the Sun. Sun must be comprised of condensed matter.

The spectroscopic lines of evidence may well be the most The consequences are far reaching. They call for a new
elegant. It is not only that they provide obvious clues fgyeginning in astronomy. Nonetheless, there is hope that a
a solar surface, but that they finally expose the underlyipgformulation of astrophysics can bring with it a wealth of
cause of line emission within the chromosphere and cororaewledge and discovery. As scientists turn their thouthts
In this regard, molecular hydrogen and the metal hydridggondensed Sun, may they renew their fervor in the pursuit
strongly suggest that the chromospheric flash spectrum gad understanding of stellar observations.
flects the presence of condensation reactions in the selar at
mosphere. Yet, it is triplet helium which has rendered theyjjogue

most definitive declaration. It appears that an activated he ) _
lium cycle does indeed exist in the chromosphere, har\gesth‘io more appropriate closing words can be uttered than those

hydrogen atoms and enabling them to rejoin the solar s@f-Cecilia Payne, she who established that we live in a hy-
face. In concert, the cool-LMH-containing K-corona scafirogen based universe [86]The future of a subject is the
enges electrons, thus helping to preserve solar neutrgiiy Product of its past, and the hopes of astrophysics should be
associated light emission from highly ionized ions speaksifPlicit in what the science has already achieved. Astro-
the power of spectroscopic observation. physics is a young science, however, and is still, to some
The structural lines of evidence remain the simplest &tent, in a position of choosing its route; it is very much
understand. The many arguments concerning solar collag@e?e desired that presenffert should be so directed that
density, dimension, shape, appearance, and extent, auk sifi€ chosen path may lead in a permanently productive direc-
taneously straightforward and disarming. tion. The d|r¢ctlon in which progress lies will depend on the
Perhaps the most intriguing lines of evidence are dynarm@tenal available, on the development of theory, _and on the
manifestations of solar activity. Surface activity, thling trend of thought ... The future progress of theory is a harder
action of the Sun, and the orthogonal arrangement of its pYbPiect for prediction, than the future progress of observa
tospherigcoronal flows leave no opportunity for a gaseod©n- But one thing is certain: observation must make the
Sun. The existence of a solar dynamo, with its requiremd@y for theory, and only if it does can the science have its
for the interplay between conductors and insulatoffiers no 9reatest productivity ... There is hope that the high premis
more. Coronal rain and loops, along with spicular velositi@f astrophysics may be brought to fruitionCecilia Payne-
and splashdown events, require the presence of conderfa@g0schkin [407, p. 199-201].
matter. Slow and fast solar winds point to an object con-
stantly striving to expel material, emphasizing the dyramficknowledgment

aspects of a condensed Sun. The Swedish 1-m Solar Telescope science team is recognized
Few sciences are more tied to condensed matter than sgisrigs. 3, 7, and 9. The SST is operated on the island of La
mology. The Sun with its oscillations, mass displacemenigyima py the Institute for Solar Physics of the Royal Swedish
shape, internal layers (convection zone, tachocline, ar8£ Academy of Sciences in the Spanish Observatorio del Roque
and atmospheric waves, has highlighted that it belongsan . |5 Muchachos of the Instituto de Astrofisica de Casaria
company of SOI.'dS and Ilqmds_ . NASA/SDO and the AIA science team acquired the data
Elemental lines of evidence call for a complete rev's'(%ﬂsplayed in Fig. 11. NAS/SOHO and the EIT, CDS, and

of scientific thought relative to how the Sun derives its eRIDI science teams. were responsible for Figs. 15, 20, 22
ergy. First generation stars must join the company of ot 26. The Big Bear Solar Observatory is recognized for
untenable theories, as an unchained Sun is finally permitg? 24+

to synthesize all of th? elemen_ts. L Luc Robitaille is acknowledged for the preparation of all
The sole earthly line of evidence was climatic. In ages er figures

past, the Earth was molten. The Sun must have been mucﬁ!'l '

more luminous than it is today, leading to the conclusiot tha «agency URLs — httpwww.ist.astro.su.se; httgisdo.gsfc.nasa.gov:

it was born as an O-class star. Its temporal variations acrbp;/sohowww.nascom.nasa.gov; htteww.bbso.njit.edu.
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In this paper we present a short history of logics: from patér cases of 2-symbol or
numerical valued logic to the general case of n-symbol orerigal valued logic. We
show generalizations of 2-valued Boolean logic to fuzzydpglso from the Kleene'’s
and Lukasiewicz’ 3-symbol valued logics or Belnag'symbol valued logic to the most
generaln-symbol or numerical valued refined neutrosophic lodiwo classes of neu-
trosophic normf-norn) and neutrosophic conornm-{conorn) are defined. Examples
of applications of neutrosophic logic to physics are listedhe last section. Similar
generalizations can be done fe#Valued Refined Neutrosophic Sehd respectively

n-Valued Refined Neutrosopjhic Probability

1 Two-Valued Logic
1.1 The Two Symbol-Valued Logic

Itis the Chinese philosophyin and Yangor Femininity and
Masculinity) as contraries:

Fig. 1: Ying and Yang

It is also the Classical dBoolean Logi¢ which has two
symbol-values: truth T and falsity F.

1.2 The Two Numerical-Valued Logic

It is also the Classical dBoolean Logi¢which has two nu-
merical-values: trutd and falsity0. More general it is the
Fuzzy Logi¢c where the truthT) and the falsity F) can be
any numbers ifj0,1] such thafl + F = 1.

Even more general, andF can be subsets ¢®,1].

2 Three-Valued Logic
2.1 The Three Symbol-Valued Logics

1. Lukasiewicz 's LogicTrue, False, and Possible.

2. Kleene’s Logic True, False, Unknown (or Undefined).

3. Chinese philosophy extended ¥n, YangandNeuter

(or Femininity, Masculinity, and Neutrality) - as in Neu-

of neutralities, as well as their interactions with dif-
ferent ideational spectra. This theory considers every
notion or idea<A> together with its opposite or nega-
tion <antiA> and with their spectrum of neutralities
<neutA> in between them (i.e. notions or ideas sup-
porting neither<A> nor <antiA>). The <neutA>
and<antiA> ideas together are referred toasonA>.
Neutrosophy is a generalization of Hegel’s dialectics
(the last one is based cpA > and<antiA> only). Ac-
cording to this theory every ideaA> tends to be neu-
tralized and balanced byantiA> and<nonA> ideas

- as a state of equilibrium. In a classical wayA>,
<neutA>, <antiA> are disjoint two by two. But, since

in many cases the borders between notions are vague,
imprecise, Sorites, it is possible thafA>, <neutA>,
<antiA> (and<nonA> of course) have common parts
two by two, or even all three of them as welSuch
contradictions involves ExtenicsNeutrosophy is the
base of all neutrosophics and it is used in engineer-
ing applications (especially for software and informa-
tion fusion), medicine, military, airspace, cybernetics,
physics.

The Three Numerical-Valued Logic

. Kleene’s Logic True (1), False 0), Unknown (or Un-

defined) (/2), and uses “min” for\, “max” for v, and
“1-" for negation.

. More general is thBeutrosophic Logi§Smarandache,

1995], where the truthT) and the falsity ) and the
indeterminacy ) can be any numbers if®, 1], then

0 <T+ 1+ F < 3. More general: TruthT), Falsity
(F), and IndeterminacylJ are standard or nonstandard
subsets of the nonstandard interjzad, 1.

trosophy. Neutrosophy philosophy was born from neg-  Foyr-valued Logic

trality between various philosophie€onnected with

Extenics(Prof. Cai Wen, 1983), and Paradoxism (I'—"‘?"1 The Four Symbol-Valued Logic

Smarandache, 1980Neutrosophys a new branch of

philosophy that studies the origin, nature, and scope

1. ItisBelnap’s Logic True (T), False F), Unknown (),

and Contradiction@), whereT, F, U, C are symbols,

Florentin Smarandache. n-Valued Refined Neutrosophicdagil Its Applications to Physics 143
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not numbers. Below is the Belnap’s conjunction opeb Seven-Valued Logic

ator table: 1.

—Hlo|c| D
mimmmm
C/mcmcC
OO0 nmno
—H0O|c|mH

Restricted toT,F,U, and toT,F,C, the Belnap connec-
tives coincide with the connectives in Kleene’s logic.

. LetG = Ignorance. We can also propose the following 2.
two 4-Symbol Valued LogicqT, F, U, G) and(T, F, C,
G).

Seven Symbol-Valued Neutrosophic Logic
[Smarandache, 1995]:

I is refined (split) adJ, C, G,butT also is refined a&4
= absolute truth an@s = relative truth, and- is re-
fined asF4 = absolute falsity and’r = relative falsity.
Where: U = neither ("4 or T'g) nor (F4 or Fg) (i.e.
undefined)C = (TaorTg) A (FaorFg) (i.e. Contra-
diction), which involves the Extenics;

G = (T4orTg) V (FaorFg) (i.e. Ignorance). All are
symbols.

But if T4, Tr, Fa, Fgr, U, C, Gare subsets db, 1],
then we get a&Seven Numerical-Valued Neutrosophic
Logic.

. Absolute-Relative 2-, 3-, 4-, 5-, or 6-Symbol Valuegl n-Valued Logic

Logics[Smarandache, 1995]. L&t be truth in all
possible worlds (according to Leibniz’s definitiof);

be truth in at last one world but not in all worlds; and
similarly let 4 be indeterminacy in all possible worlds;
Ir be indeterminacy in at last one world but not in all
worlds; also letF’s be falsity in all possible worlds’s

be falsity in at last one world but notin all worlds; Then
we can form several Absolute-Relative 2-, 3-, 4-, 5-, or
6-Symbol Valued Logics just taking combinations of
the symbol&'s, Tr, 14, Ir, Fa, andFg. As particular
cases, very interesting would be to study the Absolute-
Relative 4-Symbol Valued Logid{y, Tr, Fa, Fr), as
well as the Absolute-Relative 6-Symbol Valued Logic
(Ta, Tr, 14, Ir, Fa, FR).

3.2 Four Numerical-Valued Neutrosophic Logic

Indeterminacy | is refined (split) as 8 Unknown, and C

= contradiction. T, F, U, C are subsets of [0, 1], instead of
symbols; This logic generalizes Belnap’s logic since orts ge
a degree of truth, a degree of falsity, a degree of unknown,

and a degree of contradiction. SinCe= T' A F, this logic
involves the Extenics.

4 Five-Valued Logic

1. Five Symbol-Valued Neutrosophic Logic [Smarandache,

1995]: Indeterminacy | is refined (split) as £ Un-
known, C= contradiction, and G= ignhorance; where
the symbols represent:

T = truth;

F = falsity;

U = neither T nor F (undefined);

C =T A F, which involves the Extenics;
G=TVF.

2. If T, K U, G G are subsets ¢0, 1] then we get:&ive
Numerical-Valued Neutrosophic Logic
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1. The n-Symbol-Valued Refined Neutrosophic Logic

[Smarandache, 1995]. In general:

T can be split into many types of truth®;, T, ..., Tp,
andl into many types of indeterminaciesg;, I, ..., I,
andF into many types of falsitiest’; , Fs, ..., Fs, where
allp,r,s > 1areintegers,angd+r + s = n.

All subcomponentdl’;, I, F; are symbols for; €
{1,2...,p}, ke {1,2...,r},andl € {1,2..., s}.

If at least onel, = T; A F; =contradiction, we get
again the Extenics.

2. The n-Numerical-Valued Refined Neutrosophic Logic.

In the same way, but all subcomponefis I, F; are

not symbols, but subsetsf@;1], forall j € {1,2...,p},

allk e {1,2...,r},andalll € {1,2..., s}. Ifall sources

of information that separately provide neutrosophic val-
ues for a specific subcomponent are independent sources,
then in the general case we consider that each of the
subcomponent$;, I, F; is independent with respect

to the others and it is in the non-standard]seY, 1].
Therefore per total we have for crisp neutrosophic value
subcomponents;, I, F; that:

p T s
0 T4y Ity R <nt (1)
j=1 k=1 =1

where of courser = p + r + s as above. If there

are some dependent sources (or respectively some de-
pendent subcomponents), we can treat those dependent
subcomponents together. For exampl&yifand’; are
dependent, we putthem togetheras< To+15 < 1.

The non-standard unit intervgt0, 17| , used to make

a distinction between absolute and relative tfirlde-
terminacy/falsehood in philosophical applications, is
replace for simplicity with the standard (classical) unit
interval[0, 1] for technical applications.

For at least ond, = T; A F; = contradiction, we get
again the Extenics.

. n-Valued Refined Neutrosopddécland Its Applications to Physics
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7 n-Valued Neutrosophic Logic Connectors While for then-conorm one has the opposite priorities:

1. n-Norm and n-Conorm defined on combinations of T>I>F, orfor the refined case:

t-Norm and t-Conorm
The n-norm is actually the neutrosophic conjunction
operator, NEUTROSOPHIC ANDA); while the n-

conormiis the neutrosophic disjunction operator, NE\gy definition A<B means that all products between A and B
TROSOPHIC ORY4,). go to B (the bigger).

One can use the t-norm and t-conorm operators from | et's say, one has two neutrosophic values in simple (non-
the fuzzy logic in order to define the-norm and re- refined case):

T>T>..>T, >0 >1 > ..

>1, > F > F, > .. > F;. (5)

spectivelyn-conorm in neutrosophic logic: (Ty, I, F) (6)
n —norm((T})j={12,...p}> and
(T )e=q12,erp (Fi={1,2,..53) (Ty, Iy, Fy) (7)
= ([t = norm(Tj)];—t1,2,...p}» ) _ N
[t — conorm(Ik)lx_g10, 43 s Applying the n-norm to both of them, with prioritiesI | <
[t — conorm(Fl)]l:{l,zw,s}) F, we get:
and (Tz)ImFZ) An (Ty)Iwa)
= (ToTy, Tely + Tyl + .1y, (8)

n — conorm((T})j={1,2,...p}» (Tk)k={1,2,...,r}»
(F1)i={1,2,....s})
= (it =eonorm(Ty)l;_gy2,...5p» @) Applying the n-conorm to both of them, with priorities

[t —norm(lk)l—1o > T>1>F weget:
[t — ”Orm(Fl)]zzl,z,...,s)

ToeFy + TyFp + I Fy + [y Fp + Fp Fy).

(chy ICC, Fcc) vn (Ty; va Fy)
= (ToTy + Tply + Tylp + To Fy + Ty Fy, 9)
Il + I,Fy + I,Fy, F Fy).

and then one normalizes if needed.

Since the n-nornje-conorms, alike t-nornisconorms,
can only approximate the inter-connectivity between
two n-Valued Neutrosophic Propositions, there are manyin a lower bound (pessimistic) n-norm one considers the
versions of these approximations. priorities T < | < F, while in an upper bound (optimistic)
For example, for the n-norm: the indeterminate-norm one considers the prioritiesIT < F.
(sub)component$;, alone can be combined with the Whereas, in an upper bound (optimistic) n-conorm one
t-conorm in a pessimistic way [i.e. lower bound], otonsiders T> | > F, while in a lower bound (pessimistic)
with the t-norm in an optimistic way [upper bound]nh-conorm one considers the priorities-F>1.

while for the n-conorm: the indeterminate (sub)com- Various priorities can be employed by other researchers
ponentsl; alone can be combined with the t-norm in depending on each particular application.

pessimistic way [i.e. lower bound], or with the t-conorm

in an optimistic way [upper bound]. 8 Particular Cases

In general, if one uses in defining an n-ngnAtonorm |f in 6 a) andb) one has all;, = 0,k = {1,2,...,7}, we get

for example the t-normmin {z, y} then itis indicated then-valued Refined Fuzzy Logic

that the corresponding t-conorm usedrbez {z, y}; If in 6 a)andb) one has only one type of indeterminacy,
or if the t-norm used is the produey then the corre- j e k=1, hencel; = I > 0, we get then-Valued Refined
sponding t-conorm should ket y — zy; and similarly |ntuitionistic Fuzzy Logic .

if the t-norm used isnaz {0, =z + y — 1} then the cor-

responding t-conorm should bein {z +y, 1}; and 9 Distinction between Neutrosophic Physics and Para-
so on. doxist Physics

Yet, itis still possible to define the n-norm and n-ConogAjstly, we make a distinction between Neutrosophic Phsysic
using diferent types of t-norms and t-conorms. and Paradoxist Physics.

2. l';l-n?rr]m and n-conorm baseqdont;r)]norlt.les.t . 1. Neutrosophic Physics
(;r (?[E-norglwe can CinS' ertne prlc()jrlty. f< ' ith Let <A> be a physical entity (i.e. concept, notion,
where the subcomponents are Supposedto conformwi object, space, field, idea, law, property, state, attribute

similar priorities, i.e. theorem, theory, etc.xantiA> be the opposite o A>,
N<Te<.<Tp<h<I<.. 4 and <neutA> be their neutral (i.e. neithetA> nor
<I,<F <F,<..<F;. ) <antiA>, but in between).

Florentin Smarandache. n-Valued Refined Neutrosophicd agil Its Applications to Physics 145
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Neutrosophic Physics is a mixture of two or three of e semi-transparent optical components are neither opaque
these entitiescA>, <antiA>, and<neutA> that hold nor perfectly transparent to light;

together. e quantum states are metastable (neither perfectly stable,
Therefore, we can have neutrosophic fields, and neu-  nor unstable);

trosophic objects, neutrosophic states, etc. « neutrino-photon doublet (E. Goldfain):

2. Paradoxist Physics _ e the “multiplet” of elementary particles is a kind of “neu-
Neutrosophic Physics is an extension of Paradoxist trosophic field” with two or more values (E. Goldfain,
Physics, since Paradoxist Physics is a combination of 2011):

physical contradictorieg A> and <antiA> only that
hold together, without referring to their neutrality
<neutA>. Paradoxist Physics describes collections of
objects or states that are individually characterized by
contradictory properties, or are characterized neither by
a property nor by the opposite of that property, or are
composed of contradictory sub-elements. Such objects
or states are called paradoxist entities.

e A*“neutrosophic field” can be generalized to that of op-
erators whose action is selective. Tlgeet of the neu-
trosophic field is somehow equivalent with the “tunnel-
ing” from the solid physics, or with the “spontaneous
symmetry breaking” (SSB) where there is an internal
symmetry which is broken by a particular selection of
the vacuum state (E. Goldfain). Etc.

These domains of research were set up in 1865 Many types of logics have been presented above._ For'Fhe
within the frame of neutrosophy, neutrosophic Iggic0st general logic, the n-valued refined neutrosophic Jogic
sefprobability'statistics. we presented two classes of neutrosophic operators to de use

in combinations of neutrosophic valued propositions in
10 n-Valued Refined Neutrosophic Logic Applied to physics.
Physics Similar generalizations are done forValued Refined

There are many cases in the scientific (and also in humahis'ﬁgmrosorjh'c Set, and respectively n-Valued Refined

. . . éutrosophic Probability.
fields that two or three of these iteresA >, <antiA>, and P y
<neutA> simultaneously coexist. Submitted on October 24, 2012ccepted on October 26, 2013

SeveraExamplesof paradoxist and neutrosophic entities:
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Path Distribution Energy and Possible Consequences

JaneZApringer
Cankarjeva Cesta 2, 9250 Gornja Radgona, Slovenia, EU.IEinfa@lekarna-springer.si

Previously Progress in Physics, 2013, v. 4, 83}&he investigated the geometric dis-
tribution of the frequencies of the path of the electron ia ¢ihhound state of Hydrogen
atom. In this paper one shows that the resultiffedence detected on the fifth decimal
of the inverse fine structure constant is accompanied byitference in the quantized
energy up to 0.04 eV. Theflierence in charge as well as energy of the distributed and
non-distributed electrons could explain the origin of vam Waals intermolecular in-
teractions.

1 Theoretical background The diference in energy is then expressed as:

The distribution of the path of the electron changes the in- 1
. . 0% ;
verse fine structure constant [1]. Let us see what is accompa- AEy = (w _ 1] Eo. (6)
nied to that change. The inverse fine structure constantean b @0 _sided
expressed as:

1 2shc The diference in energy betweeq the energy equiyalents of
T T2 (1) the mass of the electron at theffdrent number of sides of
The energy equivalent of the mass of the elecEprcan be d|str|b_ut|onA.Ek (4) is also the dference of the distribution
. energie\Ey:
expressed as [2]:
2 & AEx = AEq = AEq_gistribution — Ek-distribution - (7)

Ee = MeC (2

The distribution energy of the non-distribution is assuned
The inverse fine structure constant and the energy equiv-pe zero:

alent of the mass of the electrén are in inverse proportion

T drepre

Eo-distribution = 0. 8
since combining (1) and (2) the next relation is given: O-distribution ®)
So the distribution energy of the path of the electron of the
ol = hc 3) arbitraryk-sideddistribution is given by:
2 Eere
Ex-distribution = —AEq = —AEy. 9)

Other parameters staying untouched the inverse fine steuctu

constante™* is changed due to the change of the electraihe negative distribution energy means that energy issetba
chargee and consequently the energy equivalent of the M3sSne case when the electron path becomes distributed, and
Ee. Energetically more favorable is the greater inverse figg {he contrary, the energy is spent in the case when the elec-
structure constant* since it belongs to the smaller chame ron path becomes non-distributed. The distribution of the
and energy equivaleiif. Therefore the proposed d'St”bUte‘éith of the electron does not need to be atom-radius depen-
path of the electron in the ground state of Hydrogen atom [Jd (it is distribution-radius dependent) [1] so what gl

is more favorable than non-distributed one. Having greatgf Hydrogen atom could hold true also for other atoms.
a1 possesses lowdf.. The most favorable is the infinite-

sid(_ad distributi_on with the I_arggarl and the Io_wesEe. En—_ 2 Calculation of the Distribution Energy

ergies of the discrete distributions are quantized. Tiffedi o ] o
ence in energy between the non-distributed elecEgrand | he non-distribution energfo-distrioution is zero by defini-
on the arbitrary number of the even-sidedistributed elec- tion (8).

tron Ey is given by: On the two decimals rounded energy of the two-sided
distribution can be calculated with the help of equations (6
AEy = Eg — Eq. (4) and (9) knowing the CODATA value of the energy equivalent
of the mass of the electrdf, = 51099891 eV, and the appro-
Because of the inverse proportion@ft andE, holds: priate distributed inverse fine structure constargk, .=
5 137.036006 andr,™, .= 137.036014 [1]:
Ysided _ Eo (5)
aa—lsided Ex ' E2-distribution = —0.03 eV. (10)
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On the two decimals rounded energy of the infinite-sided diEhe diferent energy and charge of the distributed and non-
tribution can be calculated in the same way knowing the idistributed electrons could explain the origin of the memti
verse fine structure constaﬂ;{gdedz 137.036018 [1]: ed intermolecular interactions.

Eco-distribution = —0.04 eV. (11) Dedication

The infinite number of the quantized distribution energres Thls fragmentis dedicated to my wife Ivka.

the range of 0.04 eV can be calculated onkadides of the Submitted on October 7, 203Accepted on October 23, 2013
ground state of Hydrogen atom. Of course this paper brings
no statement of how many of them are physically true. References

. 1. épringer J. Geometric Distribution of Path and Fine StnectRrogress
3 Instead of conclusion in Physics 2013, v. 4, 83-84.
The proposed quantized distribution energies of the elactr 2. Haken H., Wolf H.C., Brewer W.D. The Physics of Atoms andQta:
seem to have physico-chemical consequences. Ranged up tghtoduction to Experiments and Theory. 2005, Springerp.
0.04 eV (10), (11) are of the same order of magnitude as thé &téﬂﬁ‘;'fémmﬂiﬁifj,‘fﬁ';ﬂZ?éfj?;?fﬁ?&fﬁgﬁ
typical energies from 0.4 kol to 4 kJmol of the van der Waals|nteractions. Retrieved October 2013. _
Waals interaction between atoms [3]. Indeed:

4kJ 004 eV

mol ~ molecule’ (12)
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Deklaracija akademske svobode
(Clovekove pravice na znanstvenem podi&ju)

Original text published in EnglishProgress in Physics, 2006, v.1, 57—60. Izvirno an-
glesko besedilo: Dmitri Rabounski, glavni urednik re\#jegress in Physics. E-mail:
rabounski@yahoo.com. V sloven3gino prevedla Jdinger in DarinkaSpringer
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1 clen: Preambula politinih, religioznih in kapitalskih smernic in da zretweno

Zacetek 21. stoletja bolj kot katero koli drugo obdobje l\J/StVa”amje ni nic manjsa clovekova pravica kot drugate

S " T ravice in silni upi, zapisani v mednarodnih sporazumih in
zgodovini Elovestva odseva globino in pomembnost vlo

- L X - ednarodnem pravu.
znanosti in tehnologije pri stvareh, ki nas kot ljudi zadeva . o . . .
) ) Vsi znanstveniki naj spostujejo to deklaracijo v znak-=soli
Nadvse prevladujota narava moderne znanosti

S . 9 L d3rnosti z mednarodno znanstveno skupnostjo in z namenom,
tehnologije je privedia do splosnega prepricanja, da 48 p se prebivalcem sveta omogogile pravice za neovirano
b(_)doca_pomemt_)nejsa O.dk”tj.a mogoce dose_C| v gla\’_n%}:\nstveno ustvarjanje na podlagi individualnih sposstno
al .ZgO” v _vel|k|h_ vladn|_h_ al|_ korporapvno ﬂng[\cwamhin naravnanosti. Za napredek v znanosti gre, za to naj si kot
.raZ|sk0vaIn|h.§kup|nar_1, ki Imajo ha VO”(,) nezashsanogdr%podobm drzavljani prizadevajo po svojih najboljSihdab v
instrumentarij in nebroj pomoznega osebja. tem nespodobnem svetu, in za blagor CloveStva. Znanost in

Obicajna predstava pa je vendarle izmiSljena in lazro #hnologija sta bili ze predolgo Zrtvi zatiranja.
cali dejansko naravo, kako se do znanstvenih odkritij vicgésn

pride. Veliki in dragi tehnolo3ki projekti, kakor koli Zeo 2 glen: Kdo je znanstvenik

zapleteni, niso ni¢ drugega kot izid uporabe poglobljenih . i ) ) )
znanstvenih uvidov manj8ih skupin predanih raziskO\xaIc%n"’ms‘t_ven'kJe osebe_l, ki se _ukvar_J_az. z_nanostjo. V‘Q_"?‘,l_(do' ki
ali samostojnih znanstvenikov, ki pogosto delajo v odmak?‘lc-’deluje z znanstvenikom pri razvijanju in prediaganjyinle

jenosti. Znanstvenik, ki dela sam, je sedaj in bo v prihodnl%Odatkov pri raziskavi a_‘" njeni upo_rabi, je tudi znanstken
kakor je bil ze v preteklosti, sposoben priti do odkritja, K °rmaina izobrazba ni predpogoj za to, da kdo postane

lahko bistveno vpliva na usodo &lovestva in spremenicgipli Z1anstvenik.
celotnega planeta, kjer tako nepomembno prebivamo.

Do velikih odkritij se po navadi dokopljejo posamezniki,
ki delajo na podrejenih delovnih mestih znotraj viadnihrageZnanstveno raziskavo je mogoce izvajati na sploh kjerkoli
cij, raziskovalnih in izobraZevalnih ustanov ali komaioih denimo v sluzbi, med potekom formalnega izobrazevanja
podjetij. Posledi¢no direktorji podietij in institucipzisko- in med sponzoriranim akademskim programom, tako v
valca pogosto omejujejo in zatirajo, saj stremijo k drugimn ¢ skupinah ali kot posameznik, ki neodvisno raziskuje doma.
jem in Zelijo znanstveno raziskavo nadzorovati, odkiitge
uporabiti organizaciji ali sebi v prid ter sami sebe povali. 4 Clen: Svobodna izbira raziskovalne teme

Zgodovina znanstvenih odkritij je prepolna zatiranja iMnogim znanstvenikom, ki se poteguijejo za visje strokovne
posmehovanja, ki ju je izvajala sprevrnjena elita; Selenazive ali so udeleZeni pri drugih raziskovalnih programi
poznejsih letih so bili primeri razkriti v pravi uci zada v akademskih ustanovah, kot so na primer univerze in %ole
nezadrznega pohoda prakticne nujnosti in intelekt@gdnea izpopolnjevalni tudij, starejsi akademikjati adminis-
razsvetljenja. Takisto je znanost omadezevana in osénanjtratorji prepretujejo delo na raziskovalni temi po lasthiri.

s plagiatorstvom in namernim popacenjem, ki so ju zaradi 2¢e sicer zaradi primanjkljaja ustrezne opreme in prostorov
visti in pohlepa izvajali brezobzirneZi. In tako je tudirdss. pat pa iz razloga, da akademska hierarhijalirdrugi urad-

Namen te deklaracije je ohraniti in nadaljevati temeljmuiki enostavno ne odobravajo tak3nih raziskav, saj bi dahk
doktrino, da mora znanstveno raziskovanje potekati tapevrnile previadujoco dogmo in favorizirane teorije @dio
brez prikritega kot odkritega represivnega vpliva birakkih, ogrozile financiranje drugih projektov, ki jim predlagana

Clen: Kje nastaja znanost
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Volume 4 PROGRESS IN PHYSICS October, 2013

raziskava nemara odvzame veljavo. Avtoriteta ortodoksvemnju pomocnika povsem po lastni presoji brez kakrsSnega
vecCine pogosto onemogoci mote€ raziskovalni projeddtpt koli vmeSavanja kogar koli.
da niti avtoriteta niti proracun nista prizadeta. Ta vsaid
praksa je hamerna ovira za svobodno znanstveno misel. Ker
je povsem neznanstvena in zlo€inska, ji ne moremo gledati
skozi prste. Zaradi skrivnega ljubosumja in pridobitniskega interesa
Znanstvenik, ki dela za katero koli akademsko ustanovg9derna znanost prezira odprto razpravo in odlocno pre-
avtoriteto ali agencijo, mora biti pri izbiri raziskovalteme ganja tiste znanstvenike, ki dvomijo o ortodoksnih staitis
popolnoma svoboden, omejen sme biti le z materialno p@anstveniki z izrednimi sposobnostmi, ki opozorijo na po-
poro in intelektualnimi sposobnostmi, ki jih zmore nudzpi  Manjkljivosti v trenutni teoriji ali interpretaciji podibv, so
brazevalna ustanova, agencija ali avtorite®® znanstvenik zelo pogosto oznateni za tudake, saj je tako mogotevaiho
raziskuje kot &lan raziskovalne skupine, naj bodo vloge @talisCa z lahkoto ignorirati. Javno in zasebno so zasme-
rektorjev raziskav in vodij skupin le svetovalne in posvéovani, sistematicno pa se jim onemogoca tudi udelezba n
tovalne narave glede na izbiro ustrezne raziskovalne teaf@nstvenih kongresih, seminarjih in kolokvijih, tako ga n

¢len: Svobodno nestrinjanje pri znanstveni razpravi

znanstvenikov v skupini. hove ideje ostanejo brez poti do obcinstva. Nacrtno psnar
janje podatkov in napacno interpretiranje teorij dafj@simi
5 ¢len: Svobodna izbira raziskovalnih metod brezobzirneZzem pogosto sluZita kot orodje za prikrigdako

tehni€nih kot znanstvenih dejstev. lzoblikovali so se med
$4f odni odbori znanstvenih nastopaceyv, ki prirejajo imeis

jajo mednarodne kongrese, kjer smejo svoje referate negled
na vsebinsko kakovost predstavljati le njihovi privrZzent
Bdbori z zatekanjem k prevaram in lazem iz javne blaga-
jne izvlecejo velikanske vsote denarja za financiranje svo
jih sponzoriranih projektov. Da se denar lahko Se naprej
: C nemoteno steka na racune za njihove projekte in jim tako
miselne svobode in ni dopustna. zagotavlja dobro platane sluzbe, se vsakrdno znarstven

Nekpmerualm ali akademski znangtvenlk ima pvrf"w,'(i?temeljeno nasprotovanje njihovim predlogom utia z visem
obdelati raziskovalno temo na kateri koli razumen nacia ”hjim razpolozljivimi sredstvi. Oporetnim znanstvenikse
kakrsnimi koli razumnimi sredstvi, za katera sam meni,(mlaﬁa podlagi njihovih ukaZO\} vrogajo odpovedi: drugim se
pajuéinkovitejéf_;\. Koncna odloCitev o nacinu potekziskave ¢ pomogjo mreze skorumpiranih pajdadev prepredi qiosto
je le znanstvenikova. _ _ _do akademskih imenovanj. V spet drugih okolitinah se

Ce nekomercialni ali akademski znanstvenik deluje kBFlemogo(:ijo kandidature pri programih za pridobitevjevi

¢lan nekomerciaine ali akademske skupine znanstvenikqynnie strokovnosti, na primer doktorskega naziva, in to
naj imajo vodje projektov in direktorji raziskav zgolj seet ;4o jzrazanja idej, ki spodkopavajo moderno teorije, n

valne in posvetovalne pravice in naj ne slabijo, omejujcajo%e

Pri izvedbi raziskovalnega programa znotraj akademsk
okolja administrativho osebje ali starejsi akademiki pstg
silijo k uporabi drugacnih raziskovalnih metod od tistii,
jih je znanstvenik sam izbral. Razlogov za to ni mogo
poiskati drugje kot v osebnih preferencah, pristranskosti
stitucionalni politiki, urednidkih zapovedih ali kolekmi av-
toriteti. TakSna precej razSirjena praksa je namernkaaie

. X o ; i ede na to, za kak3no staro ortodoksno teorijo Ze gre.
na kakrsen koli drug nacin posegajo v uporabo razisk@/alfymeling dejstvo, ki pravi, da nobena znanstvena teorija ni

meto_de in obdelavo raziskovalne teme znanstvenika znolgionena in nedotakljiva, in je zategadelj odprta za razpr
skupine. in ponovno preverbo, popolnoma ignorirajo. Prav tako ig-
norirajo dejstvo, da ima nek pojav ve¢ mogocih razlagen s
Skodozeljno obregnejo ob vsako, ki ni v skladu z ortodok-
snim mnenjem; da pa bi opravicili svoja pristranska mngenja
Prakso moderne znanosti bremeni znacilno institucianain se brez obotavljanja posluzujejo neznanstvene argurignta
valstvo, ki ga spremljata osebna zavist in ohranjanje wgted  Vsi znanstveniki naj imajo pravico do svobodne razprave
vsako ceno brez upoStevanja raziskovalne resnicnastleT o svojih raziskavah in raziskavah drugih. Naj bodo
jstvo znanstvenikom pogosto preprecuje sodelovanje s kdwirez strahu pred javnim ali zasebnim objektivno neutemel-
petentnimi kolegi, tako namesCenimi v rivalskih ustaaiovjenim posmehom oziroma brez bojazni, da bodo na pod-
kot drugimi brez sleherne akademske pripadnosti. Tudgi neupravic¢enih navedb postali tarCe obtoZevanjaa-o
takSna praksa je namerna ovira znanstvenemu napredku. lovaZevanja, ponizevanija in sicerSnjega zanic¢evahjice

V primeru, da nekomercialni znanstvenik potrebujeaj ne bo postavljen v polozaj, kjer bi bila zaradi izrgzan
pomoc¢ drugega znanstvenika in slednji vanjo privoli, se gaanstvenih staliS¢ ogroZena njegovo prezZivljanjeigted.
sme brez zadrzka prositi za kakrSno koli in vsakrsno ppm®8voboda znanstvenega izrazanja naj bo najpomembnejsa.
pod pogojem, da nudenje pomoci ne presega okvira raziskiporaba avtoritete za ovrzbo znanstvenih dokazov ni
valnega proratunae pomot ni vezana na proratun, se snzeanstvena in naj se je ne uporablja za zavezovanje ust,
znanstvenik svobodno odlociti zanjo in pritegniti k samel zatiranje, ustrahovanje, preganjanje ali kakrsno koligdr

6 Clen: Svobodna udelgba in sodelovanije pri razisko-
vanju
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priganjanje oziroma ustvarjanje pritiska na znanstvenikmpdobnega, si tretje osebe pripisujejo soavtorstvo &ank
Namerno zamolCanje znanstvenih dejstev ali dokazov z &eavim avtorjem tak3nih ¢lankov preostane le ugovorjm nj
janjem ali opustitvijo dejanja in namerno prirejanje pdadat pa tvegajo, da bodo na nek nacin kaznovani, celo v obliki
v podporo dokazom ali za diskreditiranje nasprotnegasstali zavrnitve pri kandidiranju za viSji raziskovalni naziv sbde-

je znanstvena prevara, ki velja za znanstveni zlo€in. elaclovanje v raziskovalni skupini, kot se pogosto dogaja. kéeli
dokazov naj vodi vso znanstveno razpravo, najsi bodojili je bilo v takSnih okolis€inah v resnici zavrnjenihe pre-

dokazi prakticni, teoreticni ali preplet obojega. tresljive prakse ne moremo veC dopustiti. Avtorstvo naj se
pripise le za raziskavo odgovornim osebam.
8 Clen: Svobodno objavljanje znanstvenih dognan; Noben znanstvenik naj ne predlaga drugemu, ki ni sode-

Obzalovanja vredna cenzura znanstvenih ¢lankov je ms{ng th r"?‘kZ'SK?V" (;a b||.postatl sotavtor g_larjka,.m nober;
dana3snje dni stalna praksa uredniskih odborov pomerélbnezn‘.”ms ven nlaf( ne _olzlo ! soall/ orstva se .|,V|ce nl|< pol\rln%m i
revij in elektronskih arhivov ter navez njihovih domnevni eje prispeval k raziskavi, 0 kateri govor clanek. Noben

strokovnih razsodnikov. Razsodnike zve€ine varuje an _ans_lt(venll; a(;' znaknstve:{mca naj n(;e_ Ft).”VOII' \(/jpnsno npr_(_ed—
imnost, tako da avtor ne more preveriti njihove domnev VNIkoV akademske ustanove, podjela, viadne agericije a

strokovnosti. Objava znanstvenega dela se dana3nje tini tere koli druge osebe, da bi si prisvojili soaviorstvo za

nsko zavrne v primeru, ko se avtor ne strinja s preferenérﬁt;t'fkavo’ kj?r n!rknajo dpomllembnlhbzaslug, prav tako naj
teorijo in veCinsko pravovernostjo ali jima celo naspjetu noben znanstvenik né dovoll uporabe neupravicenega soav-

[Flstvav zameno za kakrsno koli darilo ali drugo podkupnin

Brez vsebinskih razlogov se marsikateri ¢lanek samode[ng”, kakor Kol i wenika. da bi bil kot
zavrne, zgolj €e je njegov avtor na seznamu necislanih o'l C€ Naj kakor koll ne sifi znanstvenika, da bi bil kot seav

urednikih, razsodnikih ali drugih strokovnih cenzorjihbQ '©F Pripisan kdor koli, ki ni pomembno prispeval k raziskavi
staja €rni seznam disidentskih znanstvenikov, s katersga v tlanku.
bino so seznanjeni povezani uredniski odbori. Vse to je . . . .
velikanska pristranskost in graje vredno zatiranje sveboi]O Clen: Neodvisnost pripadnosti
nega misljenja ter si zasluzi obsodbo mednarodne znamstvDanes je veliko znanstvenikov zaposlenih na podlagi
skupnosti. kratkoro€nih pogodb. S prekinitvijo pogodbe o zaposlitvi

Vsi znanstveniki naj imajo pravico predstaviti dognanjagasne tudi akademska pripadnost. Med uredniskimi od-
svojih znanstvenih raziskav ali v celoti ali delno na udori pogosto previaduje politika, da se Clankov tistih Zre
treznih znanstvenih konferencah ter jih objaviti v tiskaniakademske ali komercialne pripadnosti ne objavlja. Zaradi
znanstvenih revijah, elektronskih arhivih in drugih médij takSne izklju€enosti znanstvenik nima dostopa do mneggih
Nobenemu znanstveniku naj se ne zavrne objava €lankara¥, zmanjsajo se mu tudi moznosti za predstavitev govoro
porocila, predlozenega za objavo v znanstveni revigkel in razprav na konferencah. To neCedno prakso je treba us-
tronskem arhivu ali drugem mediju zgolj zato, ker njgaviti. Znanost se ne prepoznava po pripadnosti.
govo delo zaseje dvom o trenutnem vecinskem prepric¢anju, Zaradi umanjkanja pripadnosti akademski ustanovi,
je v nasprotju s pogledi uredniskega odbora, spodkopavenstvenemu institutu, vladnemu ali komercialnemurabo
temelje trenutnih ali bodoc€ih raziskovalnih projektowdih toriju ali kateri koli drugi organizaciji naj noben znanstik
znanstvenikov ali je v nasprotju s kakrsno koli politi€hae bo prikrajSan za moznost predstavitve svojih €lankov
dogmo, verskim prepriCanjem in osebnim mnenjem drugega. konferencah, kolokvijih in seminarjih, za objavljanje v
Prav tako naj ne bo noben znanstvenik uvrs€en na Ckaterem koli mediju, za dostop do knjiznic ali znanstvenih
listo ali kako drugaCe cenzuriran, nih€e pa mu tudi naj pablikacij, za udelezbo na znanstvenih simpozijih in zaiz
preprecuje objavljanja. janje predavan;.

Noben znanstvenik naj zaradi obljube prejemanja daril
ali kakrsnih koli podkupnin ne ovira, spreminja ali se kakdl Clen: Prost dostop do znanstvenih informacij

drugace vpleta v objavijanje del drugega znanstvenika. VeCina specializiranih  znanstvenih  knjig in veliko

znanstvenih revij ustvarja malo ali ni¢ dobicka, tako da
jih komercialni zaloZniki niso pripravljeni izdajati kze

V znanstvenih krogih je komaj Se skrito dejstvo, da imakeeli denarnih prispevkov, ki jih nudijo akademske ustanove,
soavtorjev raziskovalnih ¢lankov malo ali skoraj ni¢ apr vladne agencije, Clovekoljubni skladi in podobni. V taks

iti z objavljeno raziskavo. Veliko nadzornikov podiplomekolis€inah bi morali komercialni zalozniki dovolitirpst
skih Studentov, denimo, se ne brani pripisa za soavtorstl@stop do elektronskih razli€ic publikacij in si prizadévza
¢lankov, ki so jih pod njihovim formalnim nadzorom napisafim nizjo ceno tiskovin.

podrejeni znanstveniki. V veliko taksnih primerih je deja  Vsi znanstveniki naj si prizadevajo, da bi bili nji-
ski pisec inteligentnejSi od formalnega nadzornika. Vgilnu hovi raziskovalni €lanki brezplacno dostopni za meddam
primerih, spet zaradi slave, slovesa, denarja, ugledzealir’ znanstveno skupnost; ¢e ne gre drugace, pa vsaj za mifomal

9 ¢len: Soavtorstvo znanstvenih del

Deklaracija akademske svobod&lgvekove pravice na znanstvenem podrotju) L3



Volume 4 PROGRESS IN PHYSICS

October, 2013

ceno. Vsi znanstveniki naj se lotijo oprijemljivin ukrepov
in ponudijo svoje strokovne knjige po najnizji mogoc€i ¢en
saj bodo znanstvene informacije le na tak nacin na votf Si
mednarodni znanstveni skupnosti.

12 cClen: EtiCna odgovornost znanstvenikov

Zgodovina pri€a, da so znanstvena odkritja lahko v raln tak
za dobre kot zle namene: za blagor enih in v pogubo drugih.
Ker se napredka znanosti in tehnologije ne da ustaviti, je
treba zagotoviti razmere za omejitev zlonamerne rabe. Le
demokrati¢no izvoljena vlada brez verskih, rasnih in dug
predsodkov lahko obvaruje civilizacijo. Le demokrati¢no
izvoljena vlada, sodis¢a in odbori lahko obvarujejo prav
ico do svobodnega znanstvenega ustvarjanja. Danes ra-
zlicne nedemokrati¢ne drZzave in totalitarni reZinvidjajo de-
javne raziskave na podrocju jedrske fizike, kemije, vigije,
genetskega inZeniringa in Se kje, z namenom, da bi naredil
jedrsko, kemijsko in biolo3ko orozje. Noben znanstverak
prostovoljno ne sodeluje z nedemokrati¢nimi drzavantoin
talitarnimi rezimi. Vsak znanstvenik, ki je prisiljen seldvati

pri razvoju oroZja za tak3ne drzave, mora najti naciargd-
stva za upocasnitev napredovanja raziskovalnih progvamo
in zmanjSati znanstveni ucinek, tako da lahko civiliaén
demokracija na koncu prevladata.

Vsi znanstveniki so moralno odgovorni za svoje
znanstvene stvaritve in odkritia. Noben znanstvenik naj
samovoljno ne sodeluje pri na€rtovanju in izdelavi ogoZ|
kakrsne koli vrste za kakrsno koli nedemokrati¢no daza
ali totalitarni rezim ali dovoli uporabe svojih znanstien
vescin in znanja za razvoj Cesar koli takSnega, kar tmkda
na kakrSen koli na€in ogrozalo €lovestvo. Znanstkeraj
zivi, kakor veli naslednje reklo»Sleherna nedemokraticna
vladavina in kr3itev ¢lovekovih pravic sta zlocin!

Posvetilo (Dedication)

Ta prevod je posvecen Manici, prevajalCevi drugi haeprie-
vajalkini necakinji, ter ekipi dvigalcev utezi Plamen.

This translation is dedicated to Manica, Translators’ sec-
ond daughter and niece, respectively, and to the weighdift
team Plamen.

V Gornji Radgoni, 14. julija 2013
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LETTERS TO PROGRESS IN PHYSICS

On Meta-Epistemic Determination of Quality and Reality in Scientific Creation

(An Address to Those Against Real Science, Scientific Creat,
Intellectual Freedom, and Epistemic Culture)

Indranu Suhendro

The Zelmanov Cosmophysical Group
httpy/www.zelmanov.org
This is an open letter entitled as “On Meta-Epistemic Deteation of Quality and Re-
ality in Scientific Creation”. An address to those againat seience, scientific creation,
intellectual freedom, and epistemic culture. Inspired iy Declaration of Academic
Freedom.

Sufice it to say once and for all that you — and so many otkig dfair, and, most recently, the Argfair, the Wolfram af-
ers like you — are not epistemically qualified to assess &fait, and the Perelmanffair (alongside other sucHftairs in
categorize in any way my person, my work, nor any of nthe annals of art and philosophy); whether you deem your-
highly dignified and most devoted colleagues (as profoundiglf a scientist or a lay person, you would better not assert
silent and understanding as they are), nor our scientifaatything potentially misleading in this category, espigcia
philosophical group as a whole, both positively and negaublicly. As Michael Crichton once lamented, science is not
tively, whether in whole or in part. Such an attempt — pathe same, and should never be equal to, “consensus science”
ticularly such a smug, narrow, shallow, pseudo-intellattu— with consensus (often very falsely, abusively masquarad-
vacuity, which has foamed and mushroomed throughout daig as “democracy” and “objectivity”) often being the first
tain loose forums, online anditine — is essentially epistem-and last hiding place (refuge) for scoundrels, mere biaped o
ically superficial, hollow, arbitrary, and inauthentic, matter portunists and féliates, and pseudo-scientists —; science is
how much pompous sophistication it displays (by this, | sirsimply about one person (or a few), one thinker, one scigntis
ply mean sophisticated solipsism, verbal and mental, stemeing correct (in the sense of expanding horizons), no mat-
ming from the widespread, persistent epistemic problemtef how much public opposition and alienation (e.g. Faustia
solipsistic syllogism and syllogistic solipsism). It hasgtining and Kierkegaardian epistemic alienation) he faces, thas co
whatsoever to do with the determination of Quality (qualitgributing not only to the discovery of new facts, but also to
in-itself) and Reality (reality-in-itself) in the realmiosense. the discovery of new ways of thinking and new landscapes of
The real tragedy of this world, at large (includingdeation.
academia), consists in the lack of epistemic characten-of i That is why in this passage, | shall very militantly em-
sight and creation (especially scientific creation); ofeipen- phasize upon the sublime adjective “epistemic” repeatedly
dence and freedom; of objectivity and universality; of hetgie (though | generally do not repeat myself): a truly revolatio
and integrity; of solitude and originality; of “qualic” id¢ion, ary science not only contains a new methodology and a new
imagination, intellection, and identity; of a true sense phenomenology, but also a new epistemology and epistemic-
epistemicity and existentialism; of the ontic-epistemmityr ity, a new ontology and onticity — it introduces new, vaster,
of sight and sense — in other words, of Quality and Reaore profound “paint”, “brush”, “canvas”, and “dimensiqgn”
ity. These profound characteristics, throughout histbaye along with a whole new sketch.
never been, and will never be, embodied in the collective ma- Thus, for instance, using the word “fringe” over-
jority, let alone the very imitators (in contrast to realat@s) simplifyingly and over-homogenizingly when describing a
and their stooges. These belong only to the truly solitary, ivery peculiar scientist or a scientific group, without evett
dependent, authentic few among intellectuals capable bf Being to base it on correct epistemic qualifications, isdéan
just filibustering and pan-handling raw fragments of knowbus, non-scientific, and non-sensical, far removed frorh rea
edge, but also of critically and figuratively substantigtail scientific attitude (whether it is perpetrated by acadermics
types of knowledge and understanding. Such an individuapiliticians first-hand or by lay people). It is a latent trait
Very, very rare. characterless pan-academic memesis and mimicry (e.g. as
If you have never heard, nor comprehended, notorioeentrasted with the “mnemonist sense” of the Soviet scien-
affairs in science such as the Erasmti&ig the Abel af- tist A. Luria) and of pseudo-objectivity, pseudo-sciersag
fair, the Galois &air, the Bolyai #&air, the Wagenerféair, pseudo-skepticism (e.g. in the sense of the sociologistiof s
the Dewey #&air, the Alfven dfair, the Sidis &air, the Pir- ence M. Truzzi).
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Besides, basically there are two kinds of “fringes” (reentific progress and revolution.
ferring to both “mere outsiders” and “those who are self- Suppression, abuse, slander, and any other kind of ill-
conscious on the boundary”) with respect to the majdreatment done by the majority towards anything intellectu
ity (“mob consciousness”) in any given domain of thoughaily new and blossoming by a minority in this category can
1) the utterly wrong “crackpot” one, which is just basidruly be likened to child abuse: for here we are dealing with
quickly self-dispersing non-sense without any signifiegnahe infancy and growth — as well as the very ground, seeds,
and 2) the subtle, mercurial “vortical” one — frontier sciroots — of future scientific clarity, superstructures, aodrf-
ence laden with extreme originality, creativity, syntisegsind dations.
daringness —, which DOES have true, profound, substantial Science evolves, revolves, snarls, twists, and surmounts
epistemic qualification, novelty, merit, and life (i.e. spa on tensed — indeed epistemically intense and maudlin —
and direction) in the sublime heart and vein of science, pbEdges and ridges, on suave pavements and narrow lanes, on
losophy, and art. lone fulcrums and horizons, as well as in broad day-light

Without this in the very life of the sciences, all good huand in long stringent evenings, in the silent wet limits of
man endeavors, speculations, and ideas are as good agheeworld, in poignant cracks and labyrinths; and the spirit
ing sufocated, dwarfened, and nullified, and thus organicatty scientific revolution, let alone dialectics, is embodibis
dead, instead of epistemically, creatively breathinginly way, through critical, paradoxical, synthetic, epistenuigi-
and winging. It is this cross-roads, frontier-type, revmo- versal free thinking. Any form of dogmatic suppression
ary, vortical kind of science that matters the most in thagbenand stymie in science in any epoch (i.e. in antiquity, mod-
timate, genuine progress of science, let alone all of hutpanérnism, post-modernism, and “post-post-modernism”) is in
a merit to be most fairly appreciated in its own universaktjmtolerable, a cumbersome instance which usually easily show
not simply in a temporary “age” dominated by some conteritself perfidiously in cases of epistemically hideous over-
poraneous power-structures and political interests. funding, over-politicization, over-elitism, over-sydmmcy,

To paraphrase Schopenhauer, every genuine — tralyer-patronizing, and over-establishment.
epistemically original and weighty — truth, along with its If one is not uniquely, naturally well-versed in these
markedly lone proponents (included are the geniuses dmgico-dialectical strands of thinking, one is simply not a
mavericks concerned not with merely “adding color and iceal scientist and creator capable of any profound insigtit a
to a pre-existing drink and cup”, but with opening new froreenith. Such an attitude should also underlie a real, tmly e
tiers, dimensions, and grounds entirely), eevescently lightened scientific enterprise and editorship: irrespeaf
conscious of three stages pertaining to the reactionaty, athe individual views of the editors and reviewers of a sci-
sive behavior of the crowd, the majority, whether practjcalentific guild, one must allow diverse new ideas to flourish
in power or not: first, it is ignored; second, it is ridiculedand co-exist (as long as they are true new ideas, and not ob-
rejected, slandered, and violently opposed; third, it is adous “pieces of crackpottery”, in the minimum epistemic
cepted as “self-evident” — and yet this last phase is oftsanse). This should naturally, winnowingly manifest spent
only in conjunction with Oppenheimer’s (and Kuhn’s) warmeous scientific-epistemic certainty and solidity, far ozed
ing, “they (the proponents of fortress status-quo) do not deom the prevalenttype of superficial insecurity, fear, anp-
convinced ever, they simply die first”. pression.

In this sense, and only in this sense, there is no such aWhile a scientist, | am also an acutely epistemic artist,
thing as a “single scientific method”. Serious paradigms dadependent philosophical mind, keen observer-partitipa
exist at the frontiers not as mere parallels and alternativand free thinker, and this indelible quality wholly undesli
with respect to each other, but already as profound alteignatmy scientific path. Insight, originality, creativity, andls
paradigms. tude are the things that matter the most to me — not mere

Genius, one with genuine academic freedom, is thenformity, suitability, respectability, and normalcy.l dis-
very faculty responsible for novelty in individual sciditi play my work of art (e.g. painting, sculpture, and musical
creation and collective scientific production, including; score), and if it is indeed my very own authentic creation and
evitably at a very fundamental level, new scientific thegelf-conscious novel expression of profundity and ecaentr
ries, syntheses, and results as well as new ways of marigg4 need not list any so-called “references”: the object —
ing science altogether. This is because the structure efiscthe work — is ALREADY there in its entirety, and it is lone,
tific revolution takes place simultaneously at methodadalji universal, and transparent as it is, possessing both aoveriz
phenomenological, axiological-ethical, epistemolofjiead and a horizon. True originality shines througfoetlessly, es-
even ontological levels. One cannot separate individual oecially as regards scientific creation (and not mere “weVie
entific creation and collective scientific production frohet or “documentation”). There is no flierence in this matter,
underlying philosophy and sociology of science. This wawhether | create scientifically, artistically, or philosopally:
self-aware epistemology serves as the very gradient on Wieen | create something, | create it in a most comprehen-
slope of knowledge all the way to the mountain peak of saive scientific, artistic, and philosophical sense. Thsuees
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real quality. Reality alone — and the Universe — is the pazatters not whether we reveal such things or not. What mat-
rameter, not fallible and unqualified observers. It goeswitters is the science. We are a core body of just a few acutely
out saying that my “predecessors” in this drive naturally ipistemic- progressive science creators throughout thielwo
clude Einstein, who did not bother to do the “administrativEhat said, our group has more than one headquarters in the
non-essentials” (listing so-called “references”) in h0% world. What essentially matters is the real scope, puigsanc
and subsequent revolutionary papers, and Wittgensteia, wenaissance, and dimension of our scientific productivity a
hardly referred to some other work in his 1918 masterpiegeardianship. We, a unique combination of the “very young”
Tractatus Logico-Philosophicus. and “very old”, epistemically and experientally, are serv-

Pueril, arbitrary comments such as the ones you angd science, philosophy, artistry, and humanity with alt ou
the many often perpetrate in a popular forum, and in catrength, in necessary absolute freedom.
tain other forums, are but mere psychological detours, in- Indeed, some of us have had core scientific experiences
finitely away from real objectivity, verging on typical charas far back as the two world wars and the cold war along the
acter assassination and individual abuse. Given a Reamontours of history, scientific creation, existential afigon,
brandt painting, or at least a Modigliani one, or indequblitical turbulence, and cultural-scientific adminisioa. A
the work of any pan-Renaissance artist, one should tmitof us have synthesized first-hand the landscapes of both
speak of the “person” of the artist in such a cowardly, biore Soviet and American science, East and West, and be-
ased, envious way or hastily resort to ill-chatter, but,tfirgond. We are neither “big” nor “small”; we are infinite and
and foremost, one should behold and withhold, witness anfinitesimal. We know the world within and without, within-
withstand, his very art, ALREADY laid bare and transthe-within and without-the-without. We alone know who we
parent for all its mystery and mastery. If one still doeme. We know history and the human tendencies very well.
not know what one is trying to comprehend or appredive truly know where we have come from and where we are
ate here, one should at least possess silent humility heading. We are quintessentially scientific and humanistic
fore the horizon and verizon of things: the qualitative dis- We do not populate typical non-scientific forums (espe-
tance between substantial ideas and mere opinions is iof&lly countless on the internet), where mere bipolar, dias
nite and asymmetric. It is ethically, universally very lamepinions are inevitably found in abundance: we are scientis
to form mere borrowed opinions, to downplay certain com the most extreme sense of epistemic integrity and predis-
tributions, and to resort to ad hominem attack, as is oftpasition. We do not have time for trinkets, no matter how
the case. Opinions are mere opinions, not real ideas, gepular or trendy. We cherish creative solitude, univéssal
alone absolute truths. | repeat: “Doxa” is never the sarmbjectivity, independence, and democracy, so uniqueliy-so
as “Eidos”. One is here speaking of the determination atehsely, in a single, most variegated meta-epistemic frame
qualification of Reality and Quality, i.e. of “unicity” andwork, in order to be able to fully, impartially contributetive
“qualicity”. betterment of our world in the way we know the most.

Again, certain such popular treatments verging on the Do not bother to respond to this letter: you and so many
immoral and the ethically ill are epistemically very trivothers are not qualified to do so properly. Doing so shall
ial, categorically replete with misleading logical erroo(- only reveal, again and again, the very epistemic limitation
sequitur), ad hominem attack, individual abuse, hype&mwu have at your core, and hence the very lack of substance
semiotics, hypernarration, oxymornonism, pseudo-seienkngering therein. Besides, this address is not a mere-intel
pseudo-skepticism, pseudo-philosophy, pseudo-objggtiviectual rambling or raving, it is simply meant to be a celes-
solipsism, and epistemic shallowness. tial sonnet akin to an ocean symphony and a contrapuntal

You know nothing about us first-hand, absolutely nothinmelody, with “all the secret knowledge of harmony and coun-
You have only seen shadows and facades, and have only héamubint”. Now, we shall withdraw into infinite silence, as
petty rumors, slander, and gossip (while we never seek easdal, ever-pugnaciously dwelling in the realm of purerscie
mies and pettiness in any case). We protect our individualiific creation.
and wish to advance common scientific freedom and objectiv- Thus | hereby declare, once again, all-time individual and
ity so universally much, perhaps “too much”, that we rarebpllective academic freedom in science, from science, ito sc
enlist “who we are”, other than simply delivering our objee@nce, for science.
tives. An objective of ours is not mere “inter-subjectivity * * *
but truly epistemically qualified. Dedicated in the name of truth, beauty, science, creativity

As regards “who we are”, we are simply peculiar gefireedom, and genius to Grisha Perelman. And to a much bet-
eral relativists and cosmologists as well as core theaaetic ter world rid of the rigid and frigid excess of characterless
and experimentalists. Also, we have never enlisted all quolitics, solipsism, suppression, tyranny, and confoymat
helpergsupporters one by one as well as our real “addressdst tranquil, vivid, living world-organism genuinely fdiof
at length — only a decoy tertiary one for mere administratigelf-growth and of ideation, individuation, charactduglity,
and convenience purposes, not scientific purposes — foaiitd honesty.
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Appendix: Overture on Character and Independencé

Talent warms-up the given (as they say in cookery) and makes
it apparent; genius brings something new. But our time lets
talent pass for genius. They want to abolish the geniusy deif
the genius, and let talent forge ahead.

Kierkegaard

Philosophy becomes poetry and science imagination, in the

enthusiasm of genius. _ )
Disraeli

In every work of genius, we recognize our own rejected
thoughts; they come back to us with a certain alienated
majesty.

R. W. Emerson

Genius is the ability to act rightly without precedent — the
power to do the right thing the first time.
Elbert Hubbard

Society expresses its sympathy for the geniuses of the past
to distract attention from the fact that it has no intentién o
being sympathetic to the geniuses of the present.

Celia Green

There is in every [such] madman a misunderstood genius
whose idea, shining in his head, frightened people, and for
whom delirium was the only solution to the strangulatiort tha
life had prepared for him.

Antonin Artaud, of Van Gogh

The case with most men is that they go out into life with one
or another accidental characteristic of personality ofalvhi
they say: “Well, this is the way | am. | cannot do otherwise”.
Then the world gets to work on them and thus the major-
ity of men are ground into conformity. In each generation a
small part cling to their “I cannot do otherwise” and loseithe
minds. Finally there are a very few in each generation who in
spite of all life’s terrors cling with more and more inwardse

to this “I cannot do otherwise”. They are the geniuses. Their
“l cannot do otherwise” is an infinite thought, for if one were
to cling firmly to a finite thought, he would lose his mind.

Kierkegaard

It is easy to live after the world’s opinion; it is easy in soli
tude to live after your own; but the great man is he who, in
the midst of the crowd, keeps with perfect sweetness the in-
dependence of solitude.

R. W. Emerson

| call that mind free which protects itself against the usurp
tions of society, which does not cower to human opinion,
which feels itself accountable to a higher tribunal than 's1an
which respects itself too much to be the slave of the many or

the few.
Channing

The genius dfers from us men in being able to endure isola-
tion, his rank as a genius is proportionate to his strength fo
enduring isolation, whereas we men are constantly in need of
“the others”, the herd; we die, or despair, if we are not reas-
sured by being in the herd, of the same opinion as the herd.

Kierkegaard

Talent is hereditary; it may be the common possession of a
whole family (e.g. the Bach family); genius is not transmit-
ted; it is never difused, but is strictly individual.

Otto Weininger

The age does not create the genius it requires. The genius is
not the product of his age, is not to be explained by it, and
we do him no honour if we attempt to account for him by it
... And as the causes of its appearance do not lie in any one
age, so also the consequences are not limited by time. The
achievements of genius live for ever, and time cannot change
them. By his works a man of genius is granted immortality on
the earth, and thus in a threefold manner he has transcended
time. His universal comprehension and memory forbid the
annihilation of his experiences with the passing of the mo-
ment in which each occurred; his birth is independent of his
age, and his work never dies.

Otto Weininger

It is the genius in reality and not the other who is the creator
of history, for it is only the genius who is outside and uncon-
ditioned by history. The great man has a history, the emperor
is only a part of history. The great man transcends time; time
creates and time destroys the emperor.

Otto Weininger

Genius is the ability to escape the human condition; Human-

ity is the need to escape.
Q. Uim

Some superior minds are unrecognized because there is no

standard by which to weigh them.
Joseph Joubert

Thousands of geniuses live and die undiscovered — either by

themselves or by others.
Mark Twain

Geniuses are like thunderstorms. They go against the wind,

terrify people, cleanse the air.
Kierkegaard

A genius is one who can do anything except make a living.
Joey Adams
Could we teach taste or genius by rules, they would be no

longer taste and genius.
Joshua Reynolds

*Courtesy: Kevin Solway’s extensive philosophical library
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Genius is the highest morality, and, therefore, itis every®
duty. Genius is to be attained by a supreme act of the will, in
which the whole universe isfrmed in the individual. Ge-
nius is something which “men of genius” take upon them-
selves; it is the greatest exertion and the greatest pitige, t
greatest misery and the greatest ecstasy to a man. A man may
become a genius if he wishes to. But at once it will certainly
be said: “Very many men would like very much to begi-
nal geniuses’, and their wish has noffect. But if these men
who “would like very much” had a livelier sense of what is
signified by their wish, if they were aware that genius is iden
tical with universal responsibility — and until that is gpesl
it will only be a wish and not a determination — it is highly
probable that a very large number of these men would cease
to wish to become geniuses.

Otto Weininger

Universality is the distinguishing mark of genius. There is
no such thing as a special genius, a genius for mathematics,
or for music, or even for chess, but only a universal genius.
The genius is a man who knows everything without having
learned it.

Otto Weininger

Genius is the capacity for productive reaction againstone’
training.
Bernard Berenson

It is frequently the tragedy of the great artist, as it is @& th
great scientist, that he frightens the ordinary man. If he is
more than a popular story-teller it may take humanity a gen-
eration to absorb and grow accustomed to the new geography
with which the scientist or artist presents us. Even then, pe
haps only the more imaginative and literate may accept him.
Subconsciously the genius is feared as an image breaker;
frequently he does not accept the opinions of the mass, or
man’s opinion of himself.

Loren Eiseley, in “The Mind as Nature”

| swear to you, sirs, that excessive consciousness is aseisea
— a genuine, absolute disease. For everyday human exis-
tence it would more than fiice to have the ordinary share

of human consciousness; that is to say, one half, one quar-
ter that that which falls to the lot of a cultivated man in our
wretched nineteenth century [...] It would, for instance, b
quite enough to have the amount of consciousness by which
all the so-called simple, direct people and men of actioa liv

Fyodor Dostoevsky

Great geniuses have the shortest biographies. Their usin
can tell you nothing about them.
R. W. Emerson

The genius is not a critic of language, but its creator, as he
is the creator of all the mental achievements which are the
material of culture and which make up the objective mind,

the spirit of the peoples. The “timeless” men are those who
make history, for history can be made only by those who are

not floating with the stream. It is only those who are uncon-
ditioned by time who have real value, and whose productions
have an enduring force. And the events that become forces of
culture become so only because they have an enduring value.

Otto Weininger

Talent, lying in the understanding, is often inherited;igen
being the action of reason or imagination, rarely or never.

Samuel T. Coleridge

When a true genius appears in this world, you may know him
by this sign, that the dunces are all in confederacy against
him.

Jonathan Swift

Precisely because the tyranny of opinion is such as to make
eccentricity a reproach, it is desirable, in order to break

through that tyranny, that people should be eccentric. Ec-
centricity has always abounded when and where strength of
character has abounded; and the amount of eccentricity in a
society has generally been proportional to the amount of ge-
nius, mental vigor, and moral courage it contained. That so
few dare to be eccentric marks the chief danger of the time.

John Stuart Mill

Genius is its own reward; for the best that one is, one must
necessarily be for oneself... Further, genius consisthén t
working of the free intellect., and as a consequence the pro-
ductions of genius serve no useful purpose. The work of ge-
nius may be music, philosophy, painting, or poetry; it idnot
ing for use or profit. To be useless and unprofitable is one of
the characteristics of genius; it is their patent of noilit

Schopenhauer

Great passions are for the great of souls. Great events can
only be seen by people who are on a level with them. We
think we can have our visions for nothing. We cannot. Even
the finest and most self-sacrificing visions have to be paid fo
Strangely enough, that is what makes them fine.

Oscar Wilde

Fortunately for us, there have been traitors and there have
been heretics, blasphemers, thinkers, investigatorerdonf
liberty, men of genius who have given their lives to better th
condition of their fellow-men. It may be well enough here to
ask the question: What is greatness? A great man adds to the
sum of knowledge, extends the horizon of thought, releases
souls from the Bastille of fear, crosses unknown and mysteri
ous seas, gives new islands and new continents to the domain
of thought, new constellations to the firmament of mind. A
great man does not seek applause or place; he seeks for truth;
he seeks the road to happiness, and what he ascertains he
gives to others. A great man throws pearls before swine, and
the swine are sometimes changed to men. If the great had
always kept their pearls, vast multitudes would be barbaria
now. A great man is a torch in the darkness, a beacon: in
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superstition’s night, an inspiration and a prophecy. Gresd

is not the gift of majorities; it cannot be thrust upon any man
men cannot give it to another; they can give place and power,
but not greatness. The place does not make the man, nor the
scepter the king. Greatness is from within.

Robert Ingersoll

No one stffers so much as he [the genius] with the people,
and, therefore, for the people, with whom he lives. For, in
a certain sense, it is certainly only “byfBering” that a man
knows. If compassion is not itself clear, abstractly concei
able or visibly symbolic knowledge, it is, at any rate, the
strongest impulse for the acquisition of knowledge. It ifyon
by sufering that the genius understands men. And the genius
sufers most because heffers with and in each and all; but
he sufers most through his understanding. . .

Otto Weininger

He is a man otapacity who possesses considerable intellec-
tual riches: while he is a man génius who finds out a vein

of new ore. Originality is the seeing naturefdrently from
others, and yet as it is in itself. It is not singularity dfes-
tation, but the discovery of new and valuable truth. All the
world do not see the whole meaning of any object they have
been looking at. Habit blinds them to some things: short-
sightedness to others. Every mind is not a gauge and measure
of truth. Nature has her surface and her dark recesses. She
is deep, obscure, and infinite. It is only minds on whom she
makes her fullest impressions that can penetrate her shirine
unveil her Holy of Holies. Itis only those whom she has filled
with her spirit that have the boldness or the power to reveal

her mysteries to others.
William Hazlitt

Genius is present in every age, but the men carrying it within
them remain benumbed unless extraordinary events occur to
heat up and melt the mass so that it flows forth.

Denis Diderot

The ego of the genius accordingly is simply itself universal
comprehension, the center of infinite space; the great man
contains the whole universe within himself; genius is the li
ing microcosm. He is not an intricate mosaic, a chemical
combination of an infinite number of elements; [...] as to
his relation to other men and things must not be taken in that
sense; he is everything. In him and through him all psychical
manifestations cohere and are real experiences, not an-elab
rate piece-work, a whole put together from parts in the fash-
ion of science. For the genius the ego is the all, lives as the
all; the genius sees nature and all existences as wholegthe r
lations of things flash on him intuitively; he has not to build

bridges of stones between them.
Otto Weininger

I made art a philosophy, and philosophy an art: | altered the
minds of men and the colour of things: there was nothing |
said or did that did not make people wonder... | treated Art

as the supreme reality, and life as a mere mode of fiction: |
awoke the imagination of my century so that it created myth
and legend around me: | summed up all systems in a phrase,
and all existence in an epigram.

Oscar Wilde, inDe Profundis
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Simple Explanation for why Par allel-Propagating Photons
do not Gravitationally Attract
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In this article it is shown that photons of light, when tramglin parallel, do not attract
one another gravitationally. This has been shown prewousing general relativity,
however here it is only assumed a Newtonian approximatidhe@ravitational attrac-
tion between photons. The explanation for the lack of gadigihal attraction is simple:
as co-moving objects accelerate in parallel, the flow of tismetarded, as observed by
a stationary observer, according to special relativitynégeso is the tendency for the
objects to move toward one another. As the velocity of theaijapproach, the time
required for the objects to approach one another approacfieity, and so there is no
gravitational attraction between objects which move palrat the speed of light.

1 Introduction Thus, according to a stationary observer, it takes longer fo
In 1931 Tolman, Ehrenfest and Podolsky [1] were first to pug]-e two ObJeCFS to approach one another, when t.he|r gerhter-o
-mass frame is moving at some non-zero velocity. Since the

lish studies on how light interacts with light gravitatidiya > ) .
Among other things, they found that when photons move fC1or ¥ V1 —v%/c? — coasv — ¢, the time required for the
two particles to come together as- ¢, approaches infinity.

parallel beams, there is no gravitational attraction betwe : ) : : .
them. The authors did not give a physical explanation fEPe time required for the objects to deviate from their paral

this peculiarity. In 1999, Faraoni and Dumse [2] studied t|l1%| trajectories is hence also infinite. The conclusion here

problem of gravitational attraction between photons and c&hat for two particles moving at the speed of light, sinceetim

cluded that for photons moving in parallel, the reason fer thopf':\gtgtmnl|nttthe|rt_cen_ter—?f—mass "‘f"”t”e |ts rKJIPhemst;Iaix
lack of gravitational attraction is due to an exact caneellgrl‘zwI a |obna a rac;)n IIS asc;] nc(;r_1eX|§ en 'f oug h?s
tion of the gravitomagnetic and gravitoelectric force swmsn taken to be perpendicular to the direction of propagatius, t

them. Both sets of authors used a linear approximation to ﬁ?@d't'on can be relaxed without changing the conclusion of

metric to come to their conclusions. Here, we come to th8 gravitational attraction.

same conclusion, but it is argued that the lack of graviteti A ttraction between coplanar non-parallel photons
can be entirely explained in Minkowski spacetime with as-

sumption of the Newtonian approximation for gravity. Thi¥ both of the references, the authors found that for non-

is reasonable, since the gravitational fields between pisotarallel propagation, the gravitational attraction be&wpho-
can be expected to be very weak. tons is non-zero. This can be reasoned, for some simple,cases

as follows: suppose the two particles, in this case photoes,
returned to their original positions, but upon releaseppro
gate away from one another at a relative angle>20, ac-
Consider two free particles separated by distaniodtially at  cording to a stationary observer. Then, the center of mass
rest in empty space with respect to an observer. The obsefi@mne propagates at a velocity= ccosf < ¢ and so grav-

will find that after a time intervat, the objects will come itational attraction between photons is retarded by a facto
together due to their mutual gravitational attraction. cginof 1/ sing, according to a stationary observer. For example,
the objects are regarded to be small, it iffisient to assume at 29 = 187, the photons trajectories are antiparallel to one
Newtonian mechanics in the calculationtphowever calcu- another, and there is no retardation since the center of mass

lation of the exact value is not necessary for the purposefigfme is stationary. The same applies for photons convgrgin
the argument here. at these nonzero angles.

Next, consider what happens when the two ObjeCtS are  sypmitted on: September 10, 201&ccepted on September 15, 2013
returned to a distance apart from one another, accelerated
to some terminal velocity perpendicular tok, and then re- References
leased. Upon release, the objects initially move paradlel t1. toiman R.C., Ehrenfest P., Podolsky B. On the gravitafidield pro-
one another, with distance between, but as before, begin  duced by lightPhysical Review, 1931, v. 37, 602-615.
to attract, and eventually come together. However, in tiHs i 2. Faraoni V., Dumse R. M. The gravitational interaction ight: from
stance, the time required for the two objects to come togethe Weak to strong fieldsGeneral Relativity and Gravitation, 1999,

. ) . . .31(1), 91-105.
in accordance with special relativity,tis= t/ /1 — v2/c2 > t. v-31(D)

2 No attraction between parallel photons
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