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Some Expressions for Gravity without the Big G and their Possible

Wave-Theoretical-Explanation

Hasmukh K. Tank
Indian Space Research Organization, 22/693, Krishna Dham-2, Vejalpur, Ahmedabad-380015, India
E-mail: tank.hasmukh@rediffmail.com, hasmukh.tank 1 @ gmail.com

This letter presents some new expressions for gravity without the big G and proposes
their possible wave-theoretical-explanation. This attempt leads to some insight that: (i)
We need the proportionality-constant G because we measure masses and distances in
our arbitrarily-chosen units of kg and meters; but if we measure “mass” as a fraction of
“total-mass of the universe” M, and measure distances as a fraction of “radius-of-the-
universe” Ry then there is no need for the proportionality-constant G. However, large
uncertainties in the M, and R, limit the general application of this relation presently.
(i1) The strength of gravity would be different if the total-mass of the universe were
different. Then this possibility is supported with the help of wave-theory. (iii) This
understanding of G leads to an insight that Plancks-length, Planck-mass and Planck’s
unit of time are geometric-mean-values of astrophysical quantities like: total-mass of
the universe and the smallest-possible-mass #H,/c?. (iv) There appears a law followed
by various systems-of-matter, like: the electron, the proton, the nucleus-of-atom, the
globular-clusters, the spiral-galaxies, the galactic-clusters and the whole universe; that
their ratio Mass /Radius? remains constant. This law seems to be more fundamental
than the fundamental-forces because it is obeyed irrespective of the case, whether the
system is bound by strong-force, electric-force, or gravitational-force.

1 Introduction

Sir Isaac Newton presented the quantitative description of
gravitational attraction between two massive bodies, that the
force of attraction is directly proportional to the product of
two masses, and inversely proportional to the square of
centre-to-centre distance between them; and the value of
proportionality-constant G was found to remain the same
even in the case of planets. But there has been no explana-
tion for why the value of G is this much. Einstein also made
extensive use of G by treating it as a fundamental-physical-
constant. Based on my previous works, [1-5] and the works
of researchers cited in these papers, this paper presents some
alternative expressions for gravity, without the big G, and pro-
poses a wave-theoretical-explanation for gravity.

2 New expressions of gravity without the big G

(i) R.K. Adair, in his book “Concepts in Physics” [6] has
given a derivation, that the sum of ‘“gravitational-potential-
energy” and “energy-of-mass” of the whole universe is, strik-
ingly, zero! i.e.

>, GMoM,

M,
oc R,

=0

where M, and R, are total-mass and radius of the universe
respectively, and G is Newton’s gravitational constant; i.e.

GM;
Ry

= M()C2

ie. )
Roc
G=—".
My
So, by substituting Roc% /M, for G in Newton’s formula,
the gravitational potential energy U, stored in a system of
masses M and m separated by a distance r can be expressed
as:

Uy= —>—. (1)

Newton’s law when expressed as shown in the expression-1,
shows that: if we measure masses as a fraction of total-mass
of the universe M, and measure distances as a fraction of ra-
dius of the universe Ry then we do not need the big G.

However, large uncertainties in the My and R, limit the
general application of this relation presently.

A brief discussion will be in order, how the “total-mass-
of-the-universe” and “radius-of-the-universe” are derived;
and what would be the uncertainties of these?
Total-mass-of-the-universe:

E.P. Hubble’s experimental-observations of the “cosmologi-
cal-red-shift”, when interpreted in terms of “recession-of-
galaxies”, gives a linear relation:

UZH()D

where: v is the “velocity-of-recession” of a galaxy, Hy is
Hubble’s constant and D the luminosity-distance of a galaxy.
From this relation we can get an estimate of “sum-total-of-
kinetic-energy-of-the-universe” K,. This recession-of-gala-
xies, also known as: “expansion-of-the-universe”, can stop if
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and when “kinetic-energy-of-the-universe” K, becomes equal
to “gravitational-potential-energy-of-the-universe” U,. By
equating K, = U,, cosmologists have derived the value of
“total-mass-of-the-universe” M.

It has been estimated [7] that the universe would have col-
lapsed to hot-death much sooner than the present-age of the
universe if total-mass of the universe were more than M,; and
it would have cooled down to cold-death much earlier than the
present-age of the universe if its total-mass were less than M.
The present-age, of 14 billion years, imply that the total-mass
of the universe is indeed My. My = 1082 pion-masses.

It is surprising [8] that cosmologists are so far able to ex-
perimentally detect only the baryonic-matter, which is hardly
4% of the total-mass M,! At least 70% of the total-mass M,
is believed to be in the form of “dark-energy”, and remaining
26% in the form of “dark-matter”. “Dark-matter” is needed
to explain the “flattening-of-galaxies-rotation-curves”. That
is, the estimates of total-mass of the universe depend on 26%
share from “dark-matter”, and 70% share from “dark-energy”
which are yet to be detected.

Radius-of-the-universe:

The distance at which a galaxy can attain the velocity-of-
light, that is, when Hubble’s expression becomes: HyRy = c,
where c is the speed-of-light, this distance Ry is called: “the-
radius-of-the-universe”. Even if universe-tip may be moving
with speed higher than light-speed, the “visible” horizon will
be limited by the equation ¢ = HyRj [8]. So, the value of
radius of the universe is taken as 10%° meters, i.e. = 10%
classical-radius of the electron. Here H, is Hubble’s constant.

As far as accuracy of the values of Mj and R, are con-
cerned, there must be large amount of uncertainties. We can
not expect to improve current value of G form them. Our
expression of gravity without G can only help us to gain an
insight, that the strength of gravitational-force seems to de-
pend on total-mass and radius of the universe. Similarly, we
can gain some insight in to Planck’s natural units, and Mil-
grom’s new constant of nature ap, termed as the “critical-
acceleration” of Modified Newtonian Dynamics (MOND).
Now, let us move to some more expressions without the
big G.

(i1) Milgrom’s expression for the constant velocity v of the
stars at the out-skirts of a spiral-galaxy of mass M is conven-
tionally expressed as [7]:

v=(GMay)'"*. 2)

Since: G = Ryc? /My, and ap = ¢*/Ry, as discussed in [9],
the expression-2 can be re-expressed without G as:

Roc? 2 b
T M R_o]

i.e.

v =[M/My]"e. 3)

In the expression-3, ¢ is the speed of light in vacuum, and M,
and Ry are total-mass and radius of the universe respectively.

(iii) We can express the radii of the globular-clusters, the
spiral-galaxies and the galactic-clusters as:

M |72
oou
Ryiobu = 9—} Ro = [rGgoR0]"?, 4)
My
where 74, is gravitational-radius of the globular-cluster.
My 1172
Rgalaxy = o~ axy:| Ry = [rGgalRO]l/z’ (5)
| Mo

where 7,4 is gravitational-radius of the galaxy.

M gal—clust

1/2
M, ] Ry = [rGgal—cluisO]lﬂv (6)

Rgal—clu‘vt = [

where 7Ggai-cius 15 gravitational-radius of the galactic-cluster.

Even the classical-radius of the electron r, = €*>/m,c? can
also be expressed as:
. 12
re = [ﬁo] Ro = [rg-cRo]'"?, (7

where r_, is gravitational-radius of the electron.
Radius of the pi-meson r,; = Ng?/m,;c* can also be ex-
pressed as:

mo 112
Pl 1/2
rpi = [—] Ry = [rG-piRo]'"?,

v ®)

where rg_,; is gravitational-radius of the pi-meson.

And the radius of nucleus of an atom r, can also be ex-
pressed as:

€))

where rg_, is gravitational-radius of the nucleus-of-atom.
The expressions (4) to (9) can be jointly expressed as [8]:

My mp me m, Mg Mgy My  Hyc
2T 2T 2T 2T R T, TR T g
Ry rp 7ot Ry R, Ry G

We shall consider a possible “wave-theoretical-explana-
tion” for the expressions (4) to (9) in the section-4.

Since the classical-radius of the electron r, = e2/m,c?,
radius of the pi-meson r); = Ng? /m‘,,,-c2 and the radius of nu-
cleus of an atom r, can also be expressed in the similar man-
ner by inserting the masses of the electron, the pi-meson and
the nucleus in the right-hand-sides of the above expressions,
though they are bound by electric-force, strong-force and the
nuclear-force respectively, it suggests a possibility that the
currently-believed fundamental-forces may not be truly fun-
damental; rather, the law followed by them, as expressed in

4 H.K. Tank. Some Expressions for Gravity without the Big G and their Possible Wave-Theoretical-Explanation
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the expressions (4) to (9), may be more fundamental than the
“fundamental-forces”; and the strengths of forces may be get-
ting decided by these expressions (4) to (9). It also suggests
a possibility that when a “black-hole” has some “mass” then
it has to have a “radius”.

(iv) We can express the cosmological red-shift z. smaller

than unity as:
D

= R_O'

And we can express the accelerated-expansion of the uni-
verse, the deceleration of the cosmologically red-shifted
photon, the deceleration of the Pioneer-10, 11, Galileo and

Ulysses space-probes and the “critical-acceleration” of
MOND as [9]:

Ze (10)

C2

apg = —.

R (11)

3 Some insight into Planck’s units

From the law of equality of gravitational-potential-energy and
energy-of-mass of the universe we found that: G = Ryc?/Mp.
Now let us make use of this expression to get some insight
into Planck’s units of length, mass and time:
Planck’s-length L* = [hG /312,
Substituting Ryc? /M, for G in the above expression,

Planck’s-length L* = [hRoc? | Myc31Y?;
i.e. Planck’s-length

h 1/2

L= [—Ro} 5

Moc 12)

i.e. Planck’s-length L* is a geometric-mean of: Compton-
wavelength and Gravitational radius of total-mass of the uni-
verse, because Ry = GM,/c?.

Planck-mass M* = [he/G]'/?;

i.e. Planck-mass M* = [(h/Roc)(My)]'/?; i.e. Planck-mass

13)

That is Planck’s unit of mass is a geometric-mean of:
total-mass of the universe and smallest-possible-mass, corre-
sponding to Hubble’s constant (hH,/ ). Similarly, Planck’s
unit of time 7™ is a geometric-mean of: age-of-the-universe
T and the period (h/Myc?): i.e.

(14)

) o2
T =|Ty

IW()C2

4 Possible wave-theoretical explanation for gravity

Let us assume that there are some most-fundamental-parti-
cles, and a long-range fundamental-force. We can take the
mass of the “most-fundamental-particle” as a unity, and think
that all the massive objects are collections of the “most-fun-
damental-particles”.

Now, by a “particle” we mean an entity which is localized
in an extremely small space; so, a “particle” can be math-
ematically represented in the space-domain as an impulse-
function. This impulse-function can be Fourier-transformed
into the “wave-number-domain”. Then assuming a constant
velocity of transmission of these waves, at the velocity of
light, we can represent these waves in the “frequency-
domain” as a wide band of frequencies. A particle of matter
has a wide band of frequency-spectrum and a definite phase-
spectrum. When this wide band of waves travels in space,
then a “particle” becomes manifest only at a place and time
when-and-where all the spectral-components add construc-
tively, and have a particular, definite phase-relation, otherwise
the particle remains dissolved in the un-manifest-state.

Secondly, we can not expect any coherence between the
spectral-components of one and the other “particle”. That
means, that when two or more such fundamental-particles
come close to each-other, the wide bands of their waves add
like the incoherent superimposition of wideband-noise.

We know that the superimposition of » number of wide-
band noise-sources of unit-amplitude is square-root-of n; like
the vector-sum of n mutually orthogonal unit-vectors. That
is:

N() = |[(N1(0) + (N2 () + (N3(1) - + (N (1))’

Now, if the strength of “coupling-constant” of a funda-
mental-force is, say, €%, which is the strength of electric-force
of the proton, then the strength of “coupling-constant” of a
new “fundamental-force”, which is actually due to “incohe-
rent-superimposition”, within the system of n fundamental-
particles will be: (n'"2¢%)/n. Since the total-mass of the uni-
verse My is 1030 proton-masses, the strength of gravitational-
force between the two protons is expected to be:

12

GMgm,, = (Total-number of protons in the universe)'/? e?

i.e.
G V10802
12 1080
i.e.

Gm), = 1072, (15)
[Note: This is just an order-of-magnitude-estimate.]

Now, if the force within a system is stronger than grav-
ity by a multiplication-factor, say, k-times, then the density
of matter within that system is also logically expected to be
k-times higher. That is, in our example of proton and the uni-
verse:

mp

12 4_3

&2 [Mo] / 3Ty
> =|— =

Gm2  |m, M,

4 3

3R,

i.e. i R

62 [M0:| / mpRo

2 | = 3

Gm, m, Myr,
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ie. i
3
Mo _ R
mp
i.e.

fo_ < 16
r, Gm? (16)

[%]/ R _ @
14

mp

i.e.
My

Yo _ M
0 =
RO

>
"p

a7

The expression-16 was noticed as the “large-number-
coincidence” [LNC], whereas here we derived it with the help
of wave-theory.

Sivaram [10] had noticed a relation between masses and
radii of the electron, the proton the nucleus-of-atoms, the
globular-clusters, the spiral-galaxies, the galactic-clusters and
the universe as shown in the expression-18 below. The ex-
pression-18 is similar to the expression-17 derived by us us-
ing wave-theory. So our derivation based on wave-theory
matches with the observations presented by Sivaram.

My _ Mgal—clust _ Mgal _ Mglobu _my
2 T 2 TR T 2 2
RO Rgal—clust Rgal Rglohu n ( 1 8)
_ My _me _ Hoc
R 12 G
pi

Even the mysterious-looking Weinberg-formula can be
re-written, and explained, as follows: Weinberg’s formula is:
m’. = h*Hy/c G , which can be re-written as: m,;/(h/m;c)*
= Hyc/G. Weinberg’s formula has an imbalance of one order
of magnitude which can be corrected by replacing Compton-
wavelength of the pion by radius of the pion, i.e. m,; /Rf”. =
Hyc/G. So the mysterious-looking Weinberg-formula is also
a part of the expression-18.

5 Conclusion

Now we have an explanation for why we need the gravita-
tional constant G. The strength of gravity seems to depend
on the total-mass M, and radius Ry of the universe. How-
ever, large uncertainties in the My and Ry limit the general
application of this relation presently. Secondly, gravity may
not be an independent “fundamental-force”; it may be arising
due to “in-coherent super-imposition” of wave-amplitudes of
very wide-band of waves of total number of fundamental-
particles contained in the universe. The theory also explained
the large-number-coincidence, and the mysterious-looking
Weinberg formula. We also gained some insight into Planck’s
units that: Planck-length, Planck-mass and Planck’s unit of
time are geometric-mean-values of astrophysical quantities
like: total-mass of the universe and the smallest-possible-
mass hHy/c?.
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A Theoretical Description of U(5)-SU(3) Nuclear Shape
Transitions in the Interacting Boson Model

A.M. Khalaf* and T.M. Awwad

*Physics Department, Faculty of Science, Al-Azhar University, Egypt. E-mail: Ali-Khalaf43@hotmail.com
TDepartment of Physics, Faculty of Girls, Ain Shams University, Egypt. E-mail: tawwad12@hotmail.com
We investigated the evaluation of nuclear shape transition from spherical to axially rota-
tional shapes using the Coherent state formalism of the first version of interacting boson

model (sd IBM). The validity of such model is examined for rare-eartfSigGd/Dy
isotopic chains by analyzing the potential energy surface (PES’s). In this region, a
change from spherical to well-deformed nuclei is observed when moving from the
lighter to heavier isotopes.

1 Introduction shape phase transition in even-even nuclei using the IBM with
- intrinsic state formalism. The outline of the present paper
:2 :}nC?rr: )(/)er?arii ttr:)e isctuigytﬁ;quézr::rr?hpZ?Sneuglzg?'tgﬂjé%%gis follows: In Section 2, we construct the IBM Hamiltonian
Pe P . 5 terms of Casimir operators and using coherent state to get
Some evidence of nuclear shape transition have b

; : otential energy surface (PES). In section 3, we check that
observed. For instance, several isotopes have been foun L ﬁ) 9y ( )

; : . Its of the IBM with coherent state to agree for dynamical
undergo shape phase evolution of first order from Sphe”ﬁ%its U(5), SU(3) and O(6) in the limit of large N. In sec-
vibrator to deformed axially symmetric rotor and phase tran- ' i

o X ; ion 4 we applied our model to the rare earth/SiayGd/Dy
zg;ct)r[]l(fss]econd order from spherical vibrator to deformed isotopic chains which evolve a rapid structural changes from

I . . L _ spherical to well-deformed nuclei when moving from lighter
The Hamiltonian describing this transition is a repulsivg e heavier isotopes.

boson pairing Hamiltonian that has the particularity of be-
ing exactly solvable allowing the study of very large system3. Coherent State Potential Energy Surface
The study of phase shape transitions in nuclei can be t%%t
done in the interacting boson model (IBM) [4] which repra-
duces well the data in all transition regions [5—11].

The possible phases that can occur in the IBM have been H = €CiU(5)] + KiCo[U(5)]
classified in a triangular Casten diagram [12], the three phases +K2Co[O(5)] + K3Co[O(3)] (1)
correspond to the breaking of U(6) into its three subalgebras
U(5), SU(3) and O(6) [13]. Th&(5) critical point symme- +KaC2[S UR)] + KsC[O(6)]
try [14] was developed to describe analytically the structure HereC,[Glis the n-rank Casimir operator of the Lie group
of nuclei at the critical point of the transition from vibrationab’ with

start by considering a general standard two-body sd IBM
miltonian in the Casimir forms as:

U(5) to prolate axially symmetric SU(3) shapes. In addition C4[U (5)] = Py )

the symmetry E(5) [15, 16] have been introduced to describe o

the nuclei at the critical point corresponding to second or- Ca[U (9)] = A (Rg + 4) @)

der transition, nuclear examples of which were used [17]. P RPN P

Recently, the critical point in the phase transition from ax- C[0(5)] = 4[E(L L)+ T3 Ts] )

ially deformed to triaxial nuclei called Y(5), has been ana- ot

lyzed [18]. In all these cases, critical points are defined in the Cl0@ =21 ®)

context of the collective Bohr Hamiltonian [19]. CISU(I)] = 2 [2 (Q Q) N §(|: I:)} ©)
Since the IBM was formulated from the beginning in 3 4

terms of creation and annihilation boson operators, its ge- C,[0(6)] = Z[N(N +4)— 4P ls)] @

ometric interpretation in terms of shape variables is usually

done by introducing a boson condensate with two shape méereriy, P, L, O, Ts and T4 are the boson number, pairing,
rameters3 andy. The parameteg is related to the axial angular momentum, quadrupole, octupole and hexadecapole
deformation of the nucleus, while measures the deviationoperators defined as:

from axial symmetry. The equilibrium shape of the nucleus

is obtained by minimizing the expectation value of the Hamil- Ag = (d" d)© (8)
tonian in the intrinsic state. 1. 1
In this paper, we discuss some aspects of the nuclear P= E(d d) - 5(55) )

A. M. Khalaf and T. M. Awwad. A Theoretical Description of U(5)-SU(3) Nuclear Shape Transitions in the Interacting Boson Model 7
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L= \/ﬂ)[dT % a](l) (10) The PES associated with the IBM Hamiltonian of equa-
tion (1) is given by its expectation value in the coherent state
A ~(3) and can be written as:
Ta = [d" xd| (12) N
2
_'|;4 — [dT % &](4) (12) V(ﬂ, )’) - aO 1+,82ﬁ
where s (d N(N-T) 2 (22)
(s)and d'(d) are monopole and quadrupole boson + ~ (al + aB°+
creation (annihilation) operators, respectively. The scalar (]3-+ﬁ )
product is defined as agh® cos(3) + ap’)
T f = Z(_l)m-f-l_ v L m (13 where the cofficientsa; are linear combinations of the pa-
= R rameters of the Hamiltonian and terms which do not depend

. ong andor y have not been included.
vyhereTL,M corresgonds to th&l component of the operator _ .
T.. The operatodm(-1)"d_, and$ = s are introduced to 3 Shape Structure of the Dynamical Symmetries

ensure the correct tensorial character under spatial rotationgie analysis of the three dynamical symmetry limits of the

The Connection between the IBM, PES, geometric shapg#/ provides a good test of the formalism presented in the
and phase transitions can be investigated by introducing a gfsvious section.

herent, or intrinsic state which is expressed as a boson con-

densate [20] L 3.1 The U(5) Symmetry
IN,B,7) = —— (bZ)N 10y (14) The Hamiltonian of the vibrational limit)(5) can be written
VNI down by puttingks = ks = 0 in equation (1). This has the
with consequence that id remain only the terms which conserve

both the number of d-bosons and the one of the s-bosons. The

bl = 1 (s*+,8 cosy df + i,B siny(d;’+d"'2)), (15) Hamiltonian operator of this approximation reads:
V1+p? V2
H[U (5)] = €C4[U (5)] + K1C5[U (5)]+
|0y is the boson vacuum and the varialeandy deter- UGl iU G + KaCo[U (3] (23)
mine the geometry of nuclear surface. Spherical shapes are K2C2[O (9)] + KzC2[O(3)].

characterized by = 0 and deformed ones b > 0. The o
angley allows one to distinguish between axially deforme-lc—ihIS yields the PES

nucleiy = 0° for prolate andy = 60° for oblate deformation N N(N-1)
and triaxial nuclei 0 <y < 60°. E(N.f) = e 1 +ﬁ2ﬂ2 +f (1+p2)? B (24)
The expectation values of the Casimir operators equations
(2—7) in the ground state equation (14) is: This energy functional ig— independent and has a mini-
mum atg = 0, Special case fau (5) limit, when
N 2
<Cl[U (5)]> = 1+,32ﬁ (16) H = eCl[U (5)]’ (25)
5N N(N-1) N
(C[U (B)]) = 2 1 17 - 2
AAUED = 7 +ﬁ2ﬁ 115 (17) E(N,3) el+'82,8 . (26)
(C[OGD = 7 +ﬁ2ﬁ (18) 3.2 The SU(3) Symmetry
12N In the parametrization equation (1), t&dJ(3) limit corre-
(C[OQR)) = 1 +ﬂ2ﬁ (19) sponds te = K; = K, = Ks = 0 and the Hamiltonian reads:

20 AN(N-1) HISU(3)] = KsCa[O(3)] + KaC2[SUB)].  (27)

Cy[SU(3 — is Vi
(C[SUER)D 3 3 (14527 20) This yields the PES
(4,62 + Eﬁ“ +2V288 cos(ax)) E(N.B,y) =
2 N , 4 N 11 ,
ok + 30| g (5 5] o
IN(N-1) 2 N(N - 1) 1
(C2[O(B)]) = 2N(N + 4) — Em (1 _52) . (21) + m (452 +2V28 cos(3) + 5134)} .

8 A. M. Khalaf and T. M. Awwad. A Theoretical Description of U(5)-SU(3) Nuclear Shape Transitions in the Interacting Boson Model
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Fig. 1: Calculated PES's as a function of the deformation paramete| —, V=14 0 =1
Bin U(5)-SU(3) transition fot*+1%Nd (with N, = 5andN, = 1-6 - S g
neutron bosons) isotopic chain. The total number of bose#-NL 6 =16
andy = — V7/2). 24 82
32 -32
N=7 N=8 N=9 -4 -2 0 _; 4 4 -2 0 2 4
8 8 4
o4 \/ 5 4 h \ / =0
2 = \/ g, Fig. 3: Calculated PES'’s as a function of the deformation parameter
e w (4] . o .
g, =, & B in U(5)-SU(3) transition for*®162Gd (with N, = 7 andN, =
- ] s ) . :
i o0 2 4 4 2 0 2 4 i 20 2 s 1 - 8) isotopic chain. The total number of bosons@N11 andy =
8 B -V7/2).
N=10 - N=I1
; to giveBe = V2 andy = 0° andy = 60°.
s 3 e
5 \/\/ g 3.3 The O(6) Symmetry
bt & . . .
* 0 Q,_N, For the O(6) limite = K; = K, = 0 and the Hamiltonian
420 2 4 4 20 2 4 takes the form
B B

HIO(6)] = K2C2[O(5)] + KsC2[O(3)] + KsC2[O(6)].  (32)

Fig. 2: Calculated PES's as a function of the deformation paramegghe then obtains the PES
B in U(5)-SU(3) transition fort46-1%4Sm (with N, = 6 andN, =

1 - 5) isotopic chain. The total number of bosons@N11 andy = E(N,B) = 12(2K,+Ks) N 52
-V7/2). ’ - 1+ 82
/2) 1+_'8,32 , (33)
) ) o 2k5N(N—1)(1 2) .
This energy functional has a shape minimuny &t 0 and +5

at a values = 0.

_ o This energy functional iy—independent and has a min-
Special case for SU(3) limit, when

imum at a valudB| # 0. For largeN, the minimum is at
H=ad3 29) 1BI=1.
QQ (29) Special case foD(6) limit, when
and if we eliminate the contribution of the one-body terms of

the quadrupole -quadrupole interaction, then, the PES reads H =aQ(x) Q) (34)
N(N-1 1 x=0 (35)
E(NA) = a0 Dag 2V cos@) + 6%, (30) Co
1+p8% and if we eliminate the contribution of the one-body term of
The equilibrium values are obtained by solving the quadrupole-quadrupole interaction, then
2
0E OE B
—_— = — = 1 EN, =4aN N—l 36
-z @) np=ann-D( L] e

A. M. Khalaf and T. M. Awwad. A Theoretical Description of U(5)-SU(3) Nuclear Shape Transitions in the Interacting Boson Model 9
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dynamical symmetry. Arountll = 90 these seems to be the
X(5)critical point symmetry. Each PES displays a relatively
similar shape with only a small increase in the sharpness of
the potential for increasing boson number.

5 Conclusion

In conclusion, the paper is focused on the properties of quan-
tum phase transition between spherical U(5) and prolate de-
formed SU(3) in framework of the simple version of interact-
ing boson model IBM-1 of nuclear structure.

The Hamiltonian was studied in the thredfdient limits
of the IBM and formed by laking. A systematic study of rare
earth NdSny Gd/Dy isotope chains was done using the co-
herent states. Nuclei located at or very close to the first order
transition were the N90 isotones*Nd, 1%°Nd, ***Nd and
156Nd. They also follow theX(5) pattern in ground state en-
ergies. The geometric character of the nuclei was visualizes
by plotting the potential energy surface (PES’s). parameters
of our model were adjusted for each nucleus by using a com-
puter simulated search program, while the paranXierthe
quadrupole operator was restricted to fixed value— v7/2.

Submitted on: September 24, 201&ccepted on: September 27, 2012

Fig. 4: Calculated PES'’s as a function of the deformation parameter
B in U(5)-SU(3) transition fort>-1¢6Dy (with N, = 8 andN, =
1 - 9) isptopic chain. The total number of bosons@N11 andy =
-V7/2). 1.

2.
the equilibrium value is given bg = 1 corresponding to a
y-unstable deformed shape.

4 Application to Rare-Earth Isotope Chains 3

Nuclei in the region of Sm are well known examples of U(5)-
SU(3) transition going from a vibrational into a rotational be-
havior. The validity of our model is examined for typical var-
ious even-even N&nyGd/Dy isotopic chains with total num-
ber of bosons from N6 to N=17.

The set of parameters of the model for each nucleus are
adjusted by using a computer simulated search program &

4.

5.

order to describe the gradual change in the structure as bo-

son number is varied and to reproduce the properties of the
selected states of positive parity excitatio,@, 67,8;,05, -
23,4%,25, 37 and 4) and the two neutron separation energies8
of all isotopes in each isotopic chain. The best fitting param-’
eters obtained for each nucleus are given explicitly in Tables
1,2). 9.
The PES'’s versus deformation paramegidor rare earth

isotopic chain of nuclei evolving from spherical to axially10.
symmetric well deformed nuclei are illustrated in figures
(1-4). A first order shape phase transition with changes in
number of bosons when moving from the lighter to heavi
isotopes i.e. U(5)-SU(3) transitional region are observed. In
our selected region we assumed a value — V7/2 because 15
someGd isotopes clearly exhibit the character of the SU(3)
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Fine Structure Constant as a Mirror of Sphere Geometry

JaneZApringer
Cankarjeva cesta 2, 9250 Gornja Radgona, Slovenia, EU.IEjareez springer@t-2.net

A path is defined as the vector's sum of the translation aratiost component of the
length unit belonging to the mass entity in motion on the sph&he fine structure
constant is an irrational number being a mirror of the patmmexity as well as the
sphere curvature where the path is made. The inverse vatlie Euclidean plane yields
ot = Vn2 + 132. The inverse fine structure constant on the elliptic spheserialler

and on the hyperbolic sphere is greater. The electron in ydrdgen atom should
move on the elliptic sphere of the radius of 3679 Compton Vesngths of the electron
according to the CODATA 2012 recommended empirical valtle= 137.035999074.

Such a small sphere radius implies the heterogeneous atev@tthe present universe.

1 Theoretical background cosx = V1 - siréx, (6)
In motion is an entity having some mass. Respecting Compi 1 1 k3s? Kin? + kon? — k3 ;
e . . —_ = — 4 —— — = .
ton the length unit is attributed to that mass: R2 kiﬂz k%nz k%ﬂz < kgnz kfnz % kgnz (7
1= % -1 1) The codficients are expressed as
o _ o sing sing sing

The infinite mass and zero length unit are objectively un-  ki=——, k=—F— and k=——. (8)
reachable. Nevertheless both can be theoretically appedac R R R
arbitrarily close by the diiciently great finite mass. They are arranged by size

A curved motion obeys the path complexity: it has the 15k >k >k 9
translation and rotation component. Describing the curved Zh=R=hs. ©)

path the Iength unit becomes not onIy the translation urtit bH the case oR? being a positive number Pythagoras’ theo-

the rotation unit, too. By the circumference of a circle comem holds only exceptionally. The next condition has to be
cluded patts, for instance, only apparently equals the tranggtisfied:

lation n, actually it is greater for the average rotatiomade

2 2
around the start point of the length unit: Kn? + K3 > K2 or k_é,TZ + % ®> & (10)
0+2rx1 5 5
T= . (2) . . K2 k% .
2 The ratios of cofficients 1 and 2 are according to (non)
The actual path is the vectorial sum of both components: #guation (9) greater than 1 or at least equal 1, therefore we
rotationr as well as translation: write: , ,
k
3=7+T. (3) én2+gn2>n2+n2>sz. (11)
The total roj[ation of the length unit equals the total Berry at the finite elliptic sphere radiuR Pythagoras’ theorem
phase atsplr% [1]. fails, because at non-equal ¢beients (9) the square area
1.1 Pathin the Euclidean plane ggtci]r;igr?tenuse is smaller than the sum of square areas upon
By the circumference of a circle concluded patim the Eu- 2 < 72 +n. (12)
clidean plane is calculated with the help of PythagorasmheAt R = oo and equal cofiicients (9) the elliptic sphere trans-

rem: forms into the Euclidean plane and Pythagoras’ theorem be-

_ 2 2
e ) gins to rule again (4).
1.2 Path on the elliptic sphere

By the circumference of a circle concluded patbn the el- 1.2.1  Approximation for cosx

liptic sphere is calculated with the help of the sphericel laHardy’s approximation [2] is close to the function dos
of cosines.

On the elliptic sphere of raditR holds: 2t t (%)2
s 7 n H (_R) = cosFe ~1- = (13)
= = _ _ T 2-2
cosR = cosR cosR, (5) % + (1_ %) a3

12 JaneZSpringer. Fine Structure Constant as a Mirror of Sphere @&ym
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At very largeR Hardy’s approximation can be simplified:  we write: ) )
2 I(l 2 k2 2 2 2 S2
2t t 2t S+ SN <a°+n°<s. (24)
H (—) =cos— ~1-— (—) . (14) K3 K3

7R R R
_ _ _ ~ Atthe finite hyperbolic sphere radii&sPythagoras’ theorem
The spherical law of cosines (5) with the help of the simpliails, because at non-equal ¢heients (22) the square area

fied Hardy approximation (14) enables to calculate the agyon hypotenuse is greater than the sum of square areas upon
proximate value of the sphere radius in cases of a tiny cgatheters:

vature where Pythagoras’ theorem approximately rules. The 2> 2+l (25)
explicit relation is expressed as . )
At R = o and equal ca@icients (22) the hyperbolic sphere
R ~ (2n)? (15) transforms into the Euclidean plane and Pythagoras’ tmeore
T mReg2-g begins to rule again (4).

The similar approximation is obtained with the help of equa- Fine structure constant and sphere radius
tion (7) at the assumption of cficients approximate equal-
ity: In the ground state of the Hydrogen atom the electron path

1k ~ ko~ ks. (16) around the nucleus equals the ratio of the Compton wave-
length of the electron and the fine structure constantThe

Then the sphere radius is expressed as wavelength equals the unit, so the circular path equalsithe i

2 verse fine structure constant:
R~ M) (17)
n+ 72— & N
s=a . (26)
1.3 Path on the hyperbolic sphere 2.1 Inverse fine structure constant on the non-Euclidean
By the circumference of a circle concluded patbn the hy- sphere and Euclidean plane
perbolic sphere is calculated with the help of the hypedolit the finite sphere radiug two possibilities are allowed ac-
law of cosines. cording the non-equations (12) and (25).
On the hyperbolic sphere of radiisolds: On the elliptic sphere holds:
s n n
COShﬁ = COShﬁ coshﬁ, (18) a2 <n?en 27)
coshx = V1 + sintex, (19) On the hyperbolic sphere holds:
2. 2.2
i__i_i_i_ﬂ_ a “>n°+n°, (28)
R ke K2 Kn? x kgn? At R = oo both non-Euclidean spheres transform into the Eu-
K22 — k%nz n k§52 clidean plane and according to the equation (4) holds:
=123 (20)
ki x kgn a?2=n?4n’. (29)

The codficients are expressed as ) . i
2.2 Calculation of the theoretical inverse fine structure

sinh% sinh3 sinh3 ' i
k= — R k= h R and ks = . R (21 constant in the Euclidean plane
R R R In the hydrogen atom the number= 137 is to the inverse

fine structure constamt™ the closest natural number which
concludes the start and end point of Bohr orbit. The number
1<k <k <Kks. (22) nisthe total average rotation component of the length unit.

The theoretical inverse fine structure constant in the Eu-

In the case oR? being.a positive number Pythagoras’ thecl:'lidean plane is calculated with the help of the equation.(29
rem holds only expgptlonally. o Its value is an irrational number:
The next condition has to be satisfied:

They are arranged by size

X K2 k2 a e = VN2 + 72 ~ 137.036015720 (30)
K> Kn +kBn* or €3> 2x%+ 22 (23)
k3 k3 2.3 Calculation of the sphere radius on the atomic level

The ratios of cofficients ki/kg and k%/kg are according to The inverse fine structure constant should be accordingeto th
(non)equation (22) smaller than 1 or at most equal 1, thezefequations (27) and (28) on the elliptic sphere smaller and on

JaneZSpringer. Fine Structure Constant as a Mirror of Sphere @&ym 13



Volume 1 PROGRESS IN PHYSICS January, 2013

the hyperbolic sphere greater thagt, . the atomic world. If the sphere curvatures in the atomic and
The recommended CODATA 2012 value of the inverdlke macro-world would be the same, the inverse fine structure
fine structure constant is smaller than the theoreticalevedu constant should not significantly fiér from the theoretical

the Euclidean plane: one in the Euclidean plane.
a’;énm = 137035999074 a’gulcuo ~ 137036015720 (31) Submitted on: October 15, 2012ccepted on: October 23, 2012

This implies the elliptic sphere in the Hydrogen atom. References

The calculus of the radius of the elliptic sphere with thel- Binder B. Berry's Phase and Fine Structure. hilsci-archive. pitt.

help of the equation (5) yields: edy682/1/alfal37MN5p.pdf. Retrieved September 2012.

2. Weisstein E.W. Cosine. htfpmathworld.wolfram.coCosine.html.
Retrieved October 2012.

3. WolframAlpha. http/www.wolframalpha.corinput/?i=sizet+of+ uni-
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R = 3679 Compton wavelengths of the electron (32)

The estimate of the radius of the elliptic sphere with th@hel
of the simplified Hardy approximation (15) yields a littlet bi
greater value:

N 2.137
\/1372 + 2 — @ 2copma

= 4057 (33)

2.4 Estimation of the inverse fine structure constant on
the macro level

Let us consider the radius of the observable universe oftabou
4 x 10?°m [3] as the sphere radius:

R ~ 2 x 10°® Compton wavelengths of the electron(34)

This is a huge radius. A common calculator supports the
spherical law of cosines only for radius up<d.0*> Compton
wavelengths of the electron.

Fortunately a huge sphere radius is given by the simpli-
fied Hardy approximation (15) in the explicit relation with
the inverse fine structure constant:

(21377
T2+ 13R -2’

atx m = \/772+1372(1—1(T76) ~

~ V2 + 137 (36)

If the sphere curvature on the atomic level equals the curva-
ture of the hypothetical elliptic observable universe, ithe
verse fine structure constant should not significantiedi
from the theoretical constant in the Euclidean plane.

(35)

3 Conclusion

If the inverse fine structure constant is a mirror of the path
complexity as well as the curvature of the sphere where the
path is made, its theoretical inverse value in the Euclidean
planea = Va2 + 137 and the recommended empirical CO-
DATA 2012 valuee™ = 137.035999074 express the electron
motion on the elliptic sphere of the radius of 3679 Compton
wavelengths of the electron. This implies a huge curvatfire o

14 JaneZSpringer. Fine Structure Constant as a Mirror of Sphere @&ym
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The Poisson Equation, the Cosmological Constant and Dark Energy

Jefrey P. Baugher

Wright State University, Department of Electrical Engineering, 311 Russ Engineering Center,
3640 Colonel Glenn Highway, Dayton, Ohio 45449, USA. E-mail: baugher.3@wright.edu

The Cosmological Constart within the modified form of the Einstein Field Equa-
tion (EFE) is now thought to best represent a “dark energy” responsible for a repulsive
gravitational éect, although there is no accepted argument for its magnitude or even
physical presence. In this work we compare the origin of shargument with the
concept of unimodular gravity. A metaphysical interpretation of the Poisson equation
during introduction ofA could account for the confusion.

1 Introduction physics will be required to achieve a full under-

In 1916, Einstein introduced his general theory of relativity ~ Standing of the cosmic acceleration.”

as a geometrical theory of gravity [4] resulting in the Einstein This dark energy is currently expected to contribute over

field equation (EFE), 73.4% [5] of the mass-energy of the universe, and there is no
1 871G sound logical theory for what it is. Consider that this leaves
Ry — > gwR=Gy = = Ty (1) some type of mysterious never-observed particle known as

dark matter to contribute another 22.2%, leaving only 4.4%

It has been well documented and studied that the EFE ¢tiglthe normal matter we are familiar with. With this in mind,
not predict a stable static universe, as it was theorized tohe propose that it is reasonable to re-examine any argument
at the time [3]. The equation, however, did accurately predigat has lead us to our current state of physics.
gravitational redshift, magnitudes of gravitational lensing and
account for Mercury’s precessing orbit, which the Newtonigh Poisson Equation and Gauss’ Theorem
equation could not. In order to manufacture an equation tln}a?’te Poisson equation,
could account for a static universe, but still be empirically
accurate, it is often stated that Einstein ad hoc threw in an- -Veu=f, (3)
other constani\ which is known as the cosmological con-
stant. This would have been placed back into the EFE wighWell known to relate the functiorf as the “source” or

the metricg,, as “load” of the efect onu of the left hand side. Let us ex-
1 amine what this meanaxactlymore in depth and what we
R — > guwR+ g = Gy (2) can conclude from this tool. As an example, for a functfon

given on a three dimensional domain denotedby R3 we
Once it was discovered that the universe actually appeahege

to be in a decelerating or coasting expansion mode, Einstein au+ B oau —g on 40 (4)
quickly removed the\ term. Today, though, there is empiri- 0
cal evidence that a very small magnitudleexists, but some  Thjs is a solutionu satisfying boundary conditions on
quantum field theorists estimate it as being over 120 ordgig boundar¥Q of Q. « andg are constants an% rep-
of magnitude smaller than their calculations, “probably thesents the directional derivative in the direction normés
worst theoretical prediction in the history of physics” [3]. Ifthe boundaryQ which by convention points outwards. Al-
addition, the observed small valuedfrequires an extremelythough ife = 0 is referred to as a Neumann boundary con-
high level of arbitrary fine tuning “for no good reason” anglition, even witha = constantthe solution is said to only be

is a “cosmologist's worst nightmare come true” [6]. Thiginique up to this additive constant. Let us examine whether
transformation from a minor but rich interest exploded (SOQQB statement is entire|y accurate.

papers submitted to date [10]) near the end of the past mil-
lennium due to a startling simultaneous discovery of positiZl Graphical Meaning of Poisson Equation
acceleration from two teams [7.8]. . . Letus take the divergence gfso that

The source of this unforeseen positive acceleration has
come to be known as “dark energy”. The lack of progress ou
in explaining the phenomena led to the creation of a Dark Voau+V-p an V-g (5)
Energy Task Force in 2006 which stated in a report [1]:

“Most experts believe that nothing short of a rev- au
olution in our understanding of fundamental 0+V-Bo-=V-g (6)

and
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We can see that the presenceaaf seems arbitrary since itbut also

has no &ect. Let us examine a two dimensional slice of scalar V- (aug + 8 %) -V.qi=V-g (11)
values inR3 to graphically give a better understanding. In Fig. on

1 we have an example of Eq. 4 using a Euclidean coordingigy

system. oup
/ Vel -y 5=V =Yg (12)
10 10 10 1 1 2 11 11 12 it
10 10 10 g4 1 %ﬁ = 11 12,13 duy Uy
10 10 10 2 3 12 13 413 Ban = on (13)
Fig. 1: Two Dimensional Scalar Field 2.2 Gauss Theorem

Like our above illustration of the Poisson equation, a misun-
For any derivative of Eq. 5, the constant term of courgerstanding of Gauss’ Theorem,
would result in no vector since there is no directional deriva-

tive from au. . _ _ _[ou _ _fvzu _ ff (14)
We note that this equation can also be written as on
0Q Q Q
-ou S
au-p - g, (7) could also cause confusion if
. . . . . ouy ou
shown in Fig. 2, which does not mathematically make a dif- | === | [tup-y = (15)
ference but can, however, introduce a question of uniqueness. Py on sa on

10 10 10 W\l 2 11 11 12 and
= = N 3 == 11 1213 2 2 oup
10 10 10 = ﬁ - | VBuy = - | [VPu,-V-y —=|. (16)
34 5 9

10 10 10 2 3 3 12 1 on

Equations 15 and 16 are easily understood graphically as tak-

Fig. 2: Alternate Two Dimensional Scalar Field . S L
ing the second derivatives of the plots in Fig. 4.

Let us define the previous scalar field uwasand a second

scalar field asp. If £ andy are constants, then Eq. 8 and Q=X,- X, C=2Su
Fig. 3 present a dilemma. While there may be no directional C .
derivatives from the constant term, we could also equivalently w=f /
. - =N /
model this as orthogonal vectors with the sum of 0. ¢
1
ou - —
Eup —y 6_2 =0 (8) =1
n Xi X, X X

Fig. 4: Equivalent Areas From Gauss’ Theorem

100 100 100 89289 88 11 11 12
= 89 \QB 87 B 11 12,13
100 100 100 88 87 87 12 13 213 ,
> =0 3 Conclusion

Although we can assume that some funcias causal to the
Fig. 3: Second Two Dimensional Scalar Field appearance of a vector, does the vector appear from nothing
or is it result of a change in what is already at that point? If
From this we can see that there are no unique solutionsaafexists, what does it physically represent? Calling any field
u for g from the Poisson equation, if “attractive” or “repulsive” is nothing more than a metaphys-
ical convention, i.e. does the load function cause a change
9) in ¢ resulting in an attraction or a reduced repulsion, as in
Fig. 5? From this, we can conclude that although we may
possess measuremeRts andV2u, we cannot determine the
Ay nature of the scalar field u simply from the Poisson equation
Yo =% (10) or Gauss’ Theorem.

ou
aup + a_nl =01

and

&up —
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Attraction. .. ) % ) reasoning for calling it this in subsequent papers. We can
readily see that

[ . . . G;w = Qg;u/ - I—;u/ (20)
...orreducinga repulsion? Ifau exists, what ) o
does itrepresent? and that ifQ = 0 then the Lorentz tensor is simply the nega-
4 [— tive of the Einstein tensor,
| | ¢ —
Z = 0 G,uv = _I—,uw (21)
L and should have the same important properties, i.e.

Fig. 5: Attraction or Reduced Repulsion? G = ~Luvi- (22)

This of course results in

4 M.ot'ivation: Cosmological Constant and General Rel- Ry — 1 gwR =G, = Qg — L, (23)
ativity 2

Why is the previous figure important? Although there isMote that for now cosmological models that rely on only a
great deal of literature concerning in order to start a new Multiple of the metric remaining with no matter present, such
perspective and to utilize the previous section, we re-examffedeSitter space, are not possible sRge= 0.

the first known published physical meaning of the constant. Although there are physical arguments for equating the
In Einstein's 1917 pape€osmological Considerations OnEinstein tensor to the energy momentum ten&y & «T,,),
The General Theory of Relativifg] the first equation Ein- and thus into analogues for Newton's Law of Gravity, we

stein presents is the Poisson equation version of Newtofi@e simply in this paper that Eq. 17 is ultimately arrived
Law of Gravity at throughG,,,. By the symmetry present in Eq. 23 and our

V24 = drip. (17) arguments concerning the Poisson equation and Gauss’ The-
orem, our future objective is to use our understanding of Fig.
Citing Newtonian concerns over the limiting value ¢fat 6 to obtain a rigorous derivation of Fig. 7.
“spatial infinity” he proposes a modification of the equation

to Gyv - GOO
2 _ 2y . .
Vep — Ap = 4nkp. (18) ‘23‘ Z%sz‘goo - Vo
. . . . t”
This was from an early diculty in that the derivation re- V'O = 47Gp

quiredR,, = 0 when matter or energy was not present. Due 11 11 12 11 11 12
to cosmological observations though, and despite the rigor of -
the derivation, this requirement was eventually relaxed [4, see iy =11 1%3
for relation toG,, = 0, p. 410] allowing the introduction of a 12 13 43 12 13 43
cosmological constant, even if it is not physically understood.

Setting the Poisson equation aside for the moment, it is

also known that one of the interpretations/ofor A in Rie-

Fig. 6: Einstein Tensor to Poisson

mannian geometry is as a four dimensional constant of inte- Qg -L —>Qg. -1
gration, through what is referred to as Unimodular Gravity - S o= =00

[9]. This interpretation restricts allowablefiiomorphisms d'x 1 (O gl ) = —T(C— D
to only those preserving the four volume, but to date this has ar 2C (C=8y) =-V( )

been treated as but a curious equivalent to General Relativity R Wave function reduces
e (C - (I)L ) = potential that results in
gradient=force

8 89 88 11 11 12
= 89 8 87 = 11 IZX\E
391

5 Introducing the Lorentz Tensor

Let us take a constant multiple of the metgig and refer to
it as Q. We do not utilizeA or A so as not to cause confu-

sion and to allow us to more easily retain &elience in our 100 100 100 88 87 87 12 1 3
understanding. Let us enfor&s, = 0 such that 2=0
Qg = Gy + Ly (19) Fig. 7: Alternate EFE to Reduced Repulsive Poisson

whereG,, is the Einstein tensor and,, is a tensor we pro- We do this also in order to ask, should matter subject to
pose to call the “Lorentz” tensor. We shall expand on otlre force represented by the vector present in Fig. 7 become
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zero after traveling a certain radius from a massive body, what
occurs at radii larger than this? It is our motivation to deter-
mine whether this is a plausible explanation for phenomena
attributed to positive accelerating expansion.
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Magnetic Fields and Directional Spectral Emissivity in Sunspots and Faculae:
Complimentary Evidence of Metallic Behavior on the Surface of the Sun

Pierre-Marie Robitaille
Department of Radiology, The Ohio State University, 395 Wh1Ave, Columbus, Ohio 43210, USA. E-mail: robitaille. 1€daedu

Sunspots and faculae are related phenomena and congijigas of elevated magnetic
field intensity on the surface of the Sun. These structures baen extensively studied
in the visible range. In this regard, it has been recognibatithe intensity contrast of
faculae, relative to the photosphere, increases consigesa the line of observation
moves from the center to the limb of the Sun. Such center tb kariation (CLV)
suggests that the directional spectral emissivity of trealte increases at the same
time that photospheric directional emissivity decreasgisce the directional spectral
emissivity of faculae increases towards the limb, thesesires, along with sunspots,
provide strong evidence for metallic behavior at the levielhe solar surface. This
further strengthens claims that the body of the Sun is n@@as but rather, comprised
of condensed matter.

1 Introduction Others, such as claims that certain forms of metallic hydro-

In his popular workThe Birth and Death of the SuGeorge gen can be produced in Rydberg matter, have received less
’ attention [18].

Gamow justified the gaseous nature of the Sun as follows: There has recently been a new flurrv of activity in the
“...at 6000 degrees all the materials from which a furnace y Y y

might be constructed, including even such refractory sa.mstqmast to produce metallhc hydrogen [4] in the Iaborator_y. In
: . November 2011, Mikhail Eremets and Ivan Troyan published

ces as platinum or carbon, will be not only melted but com- . . . .
a provocative report ilNature Materialg19] which strongly

pletely evaporated. No material can exist at these high tem* gested that metallic hydrogen had indeed been synthe-

\?ver]gtléczsfilg daof\t?;fa (;Tr?;gzac:} ?r?:esouuns’v?ﬁgr(teh;IIZI(g;iC%r ed for the first time on the Earth. Nonetheless, given the
are present in vapour fort1, p.4-5]. S,everal prominentn.&ﬁure of the quest for metallic hydrogen [5], it seemed cru-
members of the astronomy (’:ommunity by utilizing simil CrIaI that more ev_ldence be.acquwed [20_.22]' Perhaps this
logic, had previously laid the foundation for a gaseous sun'e: the syntheS|§ of metallic h_ydrogen will beiamed [5]
Beyond metallic hydrogen itself, dense hydrogen could

in the mid-1800s [2]. The contention that the Sun was to v an important role in the Sun. since the photosphere ap-
hot to be anything but gaseous would persist throughout {pgy animp ! un, st b P P

20th century [3]. Conversely, experiments had long ingigatPca"S to be less metallic in nature than sunspots [5]. The

that the phases of matter did not depend solely on tempearUthor has advanced arguments that the photosphere adopts

ture, but on factors such as external pressure, internadiatoaé}‘wered lattice resembling graphite (a Type-1 latticg, [5]

composition, and the nature of the lattice adopted in the th|le the lattice in sunspots has more metallic character

n . o ;
. X S e .?a Type 2 lattice [5]). This is presumably due to slightly
densed phase. Yet, using a single justification, the IO(mslb'decreased inter-atomic distances within the layerea&atf

that certain materials might exist in liquid form within the .
9 q nspots. It is noteworthy that a report has recently demon-

Sun continued to be ignored. Gamow’'s argument [1, p. 4%jated that dense hydrogen could adopt a graphene-like str

would d|sc_ount Wigner and Hur_mngtpn_s 1935 proposal [t re at 220 GPa and 300K [23, 24]. The need for emitting a

that metallic hydrogen, a material existing in the conddns : - cs
thermal spectrum provides strong motivation for consiugri

phase, could be created at elevated temperatures and pres- .~ .

sures [5-7] graphite-like layered structures, which can lead to hydrog

in the metallic state, within liquid models of the Sun [5].

2 Metallic hydrogen on the Sun 3 Aliquid Sun

Liquid metallic hydrogen [4] is a particularly alluring subThe idea that the Sun could be liquid dates back at least to
stance relative to condensed solar models [5-7], especitile days of Gustav Kirchib[2] and Sir James Hopwood
given the observation that the Sun appears to be primadgans was its last major scientific champion [3]. Jeans was a
composed of this element [8-11]. Although metallic hydralistinguished physicist [25] and Physical Sciences Sagret
gen was first proposed nearly eighty years ago [4], it remanfsthe Royal Society from 1919 to 1929 [26]. He was also
an elusive material in the laboratory [5]. Some claims &fir Arthur Eddington’s principle antagonist [3]. For much o
synthesis have received broad international acclaim [3)2, lhis scientific career, Jeans advanced that heavy metals such
often followed, by controversy [14-17] and slow dismissads uranium comprised the building blocks for a liquid Sun,
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in opposition to Eddington’s gaseous models [3]. When tHel  Sunspots
Sun was determined to be principally composed of hydr
gen [9-11], Jeans was left without a structural materiak

dington’s gaseous Sun went on to be widely accepted by

s early as 1774, Alexander Wilson [35] noted that sunspots
peared as slight depressions relative to the solar surfac
[son reached this conclusion based on geometry [35]. Ac-

tront0|;n¥. tlr\lletlthert Jltl?ar;]s dnor Eddlnglfjog h?d an(t;m?a};(/j pted solar models currently account for the visual depres
postulate that metallic hydrogen could be formed at elevalg, | of sunspots, or “Wilsonfiect”, using optical depth argu-

pressures [4]. Fo_r his part, \_]eans aban_don_ed the "qUidlmchqgnts (e.g [36, p. 189-190] and [37, p. 46]). Such complexity
[31, ap_parentl;_/ without siciently con3|der|ng_that the _Ob'must be invoked because modern theories are built around a
servational evidence for condensed matter might contioue taseous solar body. Since these models have long deprived
mount [5-7, 27-29]. At .thef time, he had elucidated On&e Sun of atrue surface [2,29], they cannot rest upon geomet
fragmentary proof for a liquid state (see [3] and referencggal arguments to account for the Wilsoffiext [35] and must
therein). _ ) ) ) have recourse to explanations based on optical depth @.g [3
Today, not a single observational line of evidence sup-1g9_190] and [37, 46]). Conversely, the author has argued
ports the idea that the Sun is gaseous, as simple temperglitg, o of an authentic solar surface, thereby directlylcha
arguments are fallacious. Much of the scientific d|scu35|%ging accepted models [29]. Hence, the Wils@ieet [35]
appears centered on endowing gaseous solar models with{ie ¢ the oldest and simplest sunspot observation, has pro-
ability to behave as condensed matter (e.g. [30]). By difged a basis for questioning the established gaseous model
missing the facts, the existence of the solar surface has bggie sun.
discounted [3], precisely because the gaseous models haVef\/lodern astrophysics has advanced an understanding of
no means of accounting for such a structure [29]. All strugg o ots which, on cursory examination at least, appears to
tural features associated with solar activity (sunspajie, po complete. In reality, the true physical nature of thesest
_prommencgs,_flares, spicules, efc....) ter_1d to be explauﬂedtures has remained elusive, despite our arsenal of dath. Sti
ing magnetic fields, as _the on_ly m_eanst_o impart structueal f‘f‘nuch has been learned about sunspots. The Wilgeotevas
tures to a gaseous entity which, in reality, can support NON&stablished at the end of the 18th century [35]. Schwab dis-
. Ingharp contrast, observational facts pointto a liquid, Sy} ered the eleven year sunspot cycle in 1843 [38]. In the
including more than one dozen proofs for a condensed M&{me period, Carrington used sunspot observations and out-
ter [5-7,27-29]. Though the most convincing line of eVjie the diferential rotation of the Sun in great detail [39].
dence for a liquid Sun will always remain the thermal appear- |, 1903, George Ellery Hale discovered that sunspots are
ance of the photospheric spectrum in the visible range [2dgions of powerful magnetic activity [40]. The intensity o
some may not be able to appreciate the power afitt®nCy magnetic fields at the center of sunspots has been determined
of this proof. In part, this is due to the introduction of 1bcgq pe primarily vertical and known to increase in the dark nu-
thermal equ_|l_|br_|um reasoning in solar science _[30]. Loc@iei of the umbra (e.g. [37, p. 75] and [41, p. 80]). Helioseis
thermal equilibrium has come to cloud the requirements fofic analysis of the Sun has revealed that sound waves travel
producing a thermal spectrum and mask the need for C@lisier within sunspots relative to the photosphere [42,48]
densed matter [30]. Nonetheless, the arguments which sy ese phenomena are highly suggestive of increased den-
port a liquid Sun based on its thermal emission are definit¥g, and metallicity within sunspots and have been utilited
[30-33]. Thermal evidence will always remain paramouny, hnort the idea that the Sun is condensed matter [28]. Gtron
because it points to the existence of lattice order on the Sy gnetic fields and the science of seismology are always as-

face of the Sun [31]. Nothing further is required to demoyciated with condensed matter, not the gaseous stateaof sol
strate the presence of condensed matter, as Kifthioself ,4els.

indirectly understood in the mid-1800s [2]. For those who re Sunspots have also been reported to have directional
quire additional illustrations, sunspots and faculae gl®an

) X , emissivities that increase with angle of observation, &s th
interesting proving ground.

observer follows their movement towards the limb of the Sun
[41, p. 75-77]. One of the earliest reports of increased sun-
4 Directional spectral emissivity of sunspotsand faculae spot emissivity relative to the photosphere dates back76 18

As key structural elements on the surface of the Sun, susns&ﬂd Samuel Langley *With larger images and an improved

and faculae provide solar physicists ample opportunitglar instrument, | found that, in a complete ring of the solar sur-

servation and discussion. In the days of Galileo and Scheirﬁ%cet’ tlhel pho;}ospirlﬁre, ftt]'” bnlltl)ant, fg{ahve nea;the yzg) a
even the association of sunspots with the solar bodywaeca%%u.ei/: ests eald an e#ml_ racl) A?r Stﬁ@‘ » P 1 J

for extensive debate [34]. Since that time, sunspots and fa win Frost would soon echo Langleya rather surprising
lae have come to reveal much about the Sun, despite thersgl-JIt of these observations was that spots are occasipnall
lief tha:t th?ir V_iSU‘_il appearance on the photosphere resnain «Transations from French of Langley's work [44] were execliby the

an optical illusion in modern solar theory [29]. author, P. M. Robitaille.
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relatively warmer than the surrounding photospHereggrouping of faculae with sunspots (e.qg. [55, p. 42—43] a6 [5
[45, p. 143]. p.248-249]), and the identification of faculae as regions of

Should the directional emissivity of sunspots truly inhtense magnetic activity [57-59].
crease near the limb, such behavior would be highly support- The association of bright faculae with sunspots can be
ive of metallic character [28]. Non-metals usually displayaced at least to the middle of the 19th century. According t
directional spectral emissivities that tend to decreasie i de la Rue and his team, in 1868t vould thus appear as if
creasing angle of observation [46-48]. Metals often pdbe luminous matter being thrown up into a region of greater
sess lower normal emissivities with respect to their diregbsolute velocity of rotation fell behind to the left; and we
tional spectral emissivities. The directional spectralssia- have thus reason to suppose that the faculous matter which
ities of metals typically rise with increasing angle, thaii f accompanies a spot is abstracted from that very portion of
precipitously with orthogonal viewing [46—48]. Thus, aear the Sun’s surface which contains the spot, and which has in
ful analysis of emissivities can provide important cluesaasthis manner been robbed of its lumino3if§0]. This direct
whether sunspots (or faculae) are behaving as metals,-pogssociation of sunspot and facular matter has recently been
tially generating strong evidence for condensed mattehen te-emphasized as a result of studying large flares on the sola
surface of the Sun. surface [61].

Truly gaseous objects should be devoid of emissivities While faculae display CLV with respect to their spectral
which are directionally dependent. Thus, the increasesteiremissivity, their emissivity contrast remains highly asated
tional spectral emissivity in sunspots could only be exygdi With the magnetogram signal [59]. Facular contrast, after i
with extreme dificulty using gaseous solar models and oftéi#easing to a maximum near= 0.2 (wherex = cos¢ and
attributed to the #ect of “stray light” [41, p. 75-77]. Stray ¢ is the heliocentric angle between the pixel of interest and
light arguments have played an important role in the modirection of the Earthr, the distance from the disk center, is
ern dismissal of increased emissivity in sunspots towdrels given byr = Rsing, if Rrepresents the solar radius) has been
solar limb. Thus, despite 100 years of study, the exact dir@gserved to drop rapidly when moving even closer towards
tional emissivity within these objects remains an unresalvthe limb [52]. This finding [52] appears to be in agreement

issue in solar physics. The same cannot be said of facyith Spruit's “hot wall’ model of facular emissivity [62, 63].
directional spectral emissivity. Spruit’s “hot wall’ model stated that faculae appeared

darker when viewed directly from above because very lit-
tle of the ‘hot wall’ was visible. As the faculae moved to-
wards the limb, the Hot wall’ became increasingly visible
The directional spectral emissivity contrast of faculaé&hw and, hence, the structures appeared bright. With incrgasin
respect to the photosphere, has long been known. Geafgeance towards the limb, théa6t wall’ once again fell out
Ellery Hale wrote, relative to the emissivity of the faculaef the line of sight, being obscured by the trailing wall, and
“The bright faculae, which rise above the photosphere, are faculae once again appeared darker (see [53] for addi-
conspicuous when near the edge of the Sun, but practicallytional detail). Others have reported that facular contast
visible when they happen to lie near the center of the disk. tinues to increase towards the limb (e.g. [51]). This behav-
[49, p. 85-86]. Hale later re-emphasized the changing emig- would be more consistent with théh6t cloud model
sivity of the faculae as a function of position on the solakdi [50, 64, 65]wherein the faculae are viewed as floating above
“Mention has already been made of the faculae, which are photosphere [53]. Today, Spruithdt wall’ model has
simply regions in the photosphere that rise above the orgingjained almost universal acceptance, as more in accordance
level. Near the edge of the Sun, their summits lie above ilieh observation (e.g. [66,67]).
lower and denser part of that absorbing atmosphere which Alternatively, it is herein proposed that the directional
so greatly reduced the Sun’s light near the limb, and in thépectral emissivity observed in faculae constitutes orthef
region the faculae may be seen visibly. At times they maymest elegant proofs that the Sun is comprised of condensed
traced to considerable distances from the limb, but as a ruigatter. The reasoning remains that advanced in section 3.1
they are inconspicuous or wholly invisible towards the cant (see also [28]), with the important distinction that theedir
part of the solar disk[49, p. 90]. tional spectral emissivity changes in faculae, unlike pois

In 1961, Rogerson presented an elegant summary of #ne uncontested [51-54,57-59, 66, 67]. Moreover, the ebser
increase in facular directional emissivity observed néar tvation that directional spectral emissivity contrast inutae
solar limb [50]. This work was complemented with theorincrease towards the limb, before rapidly subsiding at &g v
and a few photographs [50]. Rogerson noted that the cewdge of the Sun [52], strongly supports metallic behavior in
trast variation between the faculae and photosphere isedeghese structures [28, 46—48].
to a maximum of about 64% near the very limb of the Sun On the Earth, the existence of directional spectral emis-
[50]. Today, the center to limb variation (CLV) of faculasivity in condensed matter has been established [46-48, 68]
emissivity is widely accepted and studied [51-54], as has taterials display emissivities which always manifest thei

4.2 Faculae
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atomic nature and structure, in addition to the temperatluée the solar material beneath them and causes the light to
of observation [46—48,68]. Every material possesses aienigscape more easily. These explanations constitute stark co
signature and this constitutes a powerful lesson from thdyst trasts with one another, while at the same time discounting
of condensed matter [46-48, 68]. much of what is known on the Earth relative to thermal emis-
The idea that faculae are condensed matter based orstiity. The fact remains that gases are unable to emit plsoton
rectional emissivities also gains support from the retibra in a directionally dependent manner. Astrophysical exglan
that these objects, like sunspots, are regions of intenge niins relative to the causes of directional emissivity eated
netic activity [57-59]. The ideal means of accounting fé@ photospheric limb darkening, solar granulations, satssp
this activity remains the invocation of conduction bands. #nd faculae, with their reliance on “optical depth” and &ol
solar body which is comprised of liquid metallic hydroge@pacities”, remain at a serious disadvantage, relativelr s
and adopts a layered graphite-like lattice presents a wawldemodels based on condensed matter [27-30].
material to account both for the directional spectral eiviiss  Irrespective of the mathematical elegance associated with
ties of faculae and the associated high magnetic field [5, 28jodern solar models, there is no observational support that
While condensed matter can easily support such fields, thiae body of the Sun is a gas. Given the nature of the so-
remains no evidence on the Earth that gases, in isolatilam,spectrum, seismic activity, and the presence of strattu
can generate powerful magnetic fields. While it is true thamtities such as sunspots, prominences, and faculae, moder
gaseous plasmas respond to the presence of magnetic fithd®ry must constantly resort to mathematical arguments, o
they certainly do not possess the required structure taecrehe presence of magnetic fields, in order to endow a gaseous

such phenomena. Sun with the properties of condensed matter [8-10]. In real-
ity, while the corona displays features consistent witregas
5 Conclusion plasma, the photosphere, with its sunspots, faculae, apd er

i , ) i tive prominences, strongly manifests the condensed nafure
Despite the wide acceptance of Spruit®t wall’ model of o solar body. The idea that solar temperatures forbid the
facular emissivity [62] numerous problems exist with SUGSmation of condensed matter in the Sun ignores the reality
apprpaches. . that the phases of matter are not solely determined by tem-

First, modern models of solar emissivity are fundamepg atyre, but are a manifestation of many factors, inclydin

tally dependent on elemental and ionic opacities within theassure of formation and the internal physical properfes
Sun. However, the solar spectrum cannot be generated Ugiigerials [5-7].

the sum of individual opacities. The author has designated Currently, numerous lines of evidence strongly support
solar opacity as the Achilles’ heel of the gaseous solar Mgz condensed nature of the Sun. These include:
els [30]. It is not reasonable to account for solar emission .
with phenomena which cannot explain the simple emissivity 1) the continuous nature of the thermal spectrum [6, 27—
found on the Earth within graphite [30]. 1

Second, a discussion of facular emissivity often focuses2) photospheric limb darkening [27, 28],

on local thermal equilibrium (LTE) arguments (e.g. [66]Han  3) the absence of solar collapse [5, 6, 27],

such arguments are not applicgble to the Sun [30]. Theisun4) a solar density (1.4/gm®) consistent with a hydrogen
operates well outside the confines of local thermal equilib- lattice [6, 27]

rium and Milne’s argument in support of such a regimen [69—

72] leads to conduction, not equilibrium [30]. 5) the presence of seismic activity [6, 27],
Third, the assignment of temperatures, based on emissiv6) the behavior of mass displacement on the solar surface
ities on the solar surface, constitutes a direct violatibthe [6,27],

principles associated with thermal emission [30-33], & ha 7) the chromosphere and critical opalescence [27],
been hlghllghtgd by Max Planck himself [78101] and dis- 8) the existence of solar oblateness [6, 27],
cussed in detail [74]. ) o

Finally, the idea that a fully gaseous object can support®) the extensive surface activity [6, 27, 28],
structure remains contrary to the known principles of pbgisi  10) the orthogonal nature of photosphgraronal
Objects such aswalls’, even when only considering emis- flows [27],

sivity, require condensed matter. They cannot be mimickeql) the ability to image the solar surface [6, 27-29],

by gases with densities approaching that of the best vacuu
achievable on the Earth [27]. qi) the presence of a powerful solar dynamo [27],

In modern solar theory, sunspots are thought to be darll—,3) the nature and behavior of sunspots, including the Wil-
as the magnetic fields they contain prevent hot gases fremris SN &fect [27,28], and

ing from the interior of the Sun (e.g. [75]). Conversely, theld) the structure and dynamic evolution of solar granula-
brightness of faculae are explained when magnetic fields di- tion [28].

22 P.-M. Robitaille. Complimentary Evidence of Metallic Befa on the Surface of the Sun
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Each of these phenomena can be readily incorporated intoéa Robitaille P.M. A high temperature liquid plasma modelttoé Sun.
condensed model of the Sun. Conversely, gases can neitherProgr. Phys, 2007, v. 1, 70-81 (also in arXiv: astro/8#10075).
support nor act as structural entities. A striking example r 7. Robitaille P.M. The Sun as a high eneftggh density liquid metal-
ative to thermal emission and the solar opacity problem in
gaseous models has been addressed in detail [30].

In this work, a fifteenth line of evidence for the condensed;

nature of the Sun is presented:

15) the directional spectral emissivity of faculae. Emis-

sivity fundamentally reflects a “Planckian proof” or a
“thermal proof” for condensed matter. Along with

1) the thermal appearence of the solar spectrun®;

2) the limb darkening of the photosphere, 3) the di-
rectional spectral emissivity of sunspots, and 4) the dj-
rectional spectral emissivity of granulations [28], the

emissivity of faculae constitutes one of the most pow;_

erful lines of evidence that the Sun is condensed matter.

It therefore represents the fifth thermal proof for conz2.

densed matter on the surface of the Sun.

tute direct physical evidence for a solar lattice [31]. Tugb

the study of directional spectral emissivity, they argue fo
metallicity both within sunspots and faculae. Such metigli
represents a manifestation of the lattice and the conductio

bands which it supports. The Planckian proofs also remird:
us of the need to properly address and understand complex
emission mechanisms. Driven by a desire to better compre-

It remains highly likely that the Planckian proofs constis 5

14.

16
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The proposed model is based on J. Wheeler's geometrodynamic concept, in which space
continuum is considered as a topologically non-unitary coherent surface admitting the
existence of transitions of the input-output kind between distant regions of the space in
an additional dimension. The existence of closed structures (macrocontours) formed at
the expense of interbalance of gravitational, electric, magnetic and inertial forces has
been substantiated. Itis such macrocontours that have been demonstrated to form — in-
dependently of their material basis — the essential structure of stellar objects (SO) and
to determine the position of these objects on the Hertzsprung-Russell diagram. Mod-
els of the characteristic types of stellar objects: stars and compact bodies emerging in
the end of stellar evolution — have been presented, and their standard parameters at
different stages of evolution have been calculated. The existence of the Hertzsprung-
Russell diagram has been substantiated, and its computational analogue has been given.
Parallels between stellar and microcosmic objects are drawn.

Recognizing the Seeke:],_Natureand inertial — with no additional céicients introduced. The
itself will come to meethim. 5 \vsis gives good qualitative results and, in a number of
Rockwell Kent 3565, plausible quantitative parameters for the statistically

averaged (typical) stellar objects.
1 Introduction

Wheeler's geometrodynamic concept, in which micropare nitial premises

cles are considered as vortical oscillating deformations o\a& was shown earlier [1], from the purely mechanistic point
non-unitary coherent surface, was earlier used by the autbbview the so-calle¢hargeonly manifests the degree of the
to construct model objects of the microcosm [1, 2]. Thos@nequilibrium state of physical vacuum; it is proportional to
works substantiated the existence of closed structures (ce- momentum of physical vacuum in its motion along the
tours), determining the properties of microparticles. At tfmntour of the vortical current tube. Respectively, #pin
same time, the idea about transitions between distant regisnsroportional to the angular momentum of the physical vac-
of space in the form of Wheeler's “wormholes” can be exiwum with respect to the longitudinal axis of the contour, while
tended to the scale of macrocosm, and some contempotagmagnetic interactiomf the conductors is analogous to the
astrophysical theories has already made use of it [4]. In thisces acting among the current tubes.

paper, the existence of closed contours is substantiated at thet is given that the elementary unit of such tubes is a unit
cosmological scale, and grounds are given that they makeig the radius and mass close to those of a classical electron
basis of stellar objects (SO). (re andme).

The work does not consider the nature of the cosmologi- It should be noted that in [1, 2] the expressions for the
cal medium that forms stellar bodies, nor it does the naturesbéctrical and magnetic forces are written in a “Coulombless”
masgcharge carriers, force interactions etc., or various phyerm, with charge replaced by electron limiting momentum.
ical manifestation®f the evolutionary behavior of stellar ob4n this case, the electrical and magnetic constasgsafd)
jects. These tasks are a subject of specific disciplines.  are expressed as follows:

The model presented in the paper has an outline, illustra- M

tive character and suggests a new look at the problem. For the £ = — =3.33x 10 kg/m, (1)
model, the only important thing is thexistenceof the afore- e
mentionecdentities forming certain types of stellar structures
and determining their evolution. The work does use specific Lo = I 0.0344 N1 2)
SO terms, but only schematic SO models are considered, with £0C?
their evolution depending only on a few parameters reflecting The electrical constant here is, in fact, the linear density
the most important features of the real objects. of the vortex tube, with the mass:
The SO models used here are based on the balance be-
tween main interactions: electrical, magnetic, gravitational m=gol, 3)

A.V. Belyakov. Evolution of Stellar Objects According to J. Wheeler's Geometrodynamic Concept 25
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wherel is the length of the vortex tube (thread) or contour. The vortex tubes can consist, in their turn, of a number of
To combine the interactions, let us express them in a garallel vortex threads, whose stability is ensured bybtile
mensionless form with the common force dimension factance of magnetic and inertial forcéb,, = Fi; m-zone}. As

Hlo. Taking into account (1) and (2), follows from this balance,
I
_ 1 (re)? Voi = /Zelzez ,/ri x [sec!]. (12)
Fe= o (ro) 2o Zo,, 4) Z, 2

Unidirectional vortex threads of the lengthotate, with
the rotary velocity ¥;, about the longitudinal axis along an
orbit of indeterminate radius. When they are filled with the
chains of single charges, having the mass of an electron, and

1 1 r2

Fm = Lo 210 Ex [seclp % ©)

11(re 2 their numberz. = z, = |/re (or when the tubes consist of
Fq = #—0? (E) 192> (6) single vortex threads in the quantity lgf.), we get the fol-
lowing equation:
1lre(vo 2 |
Fi= ot (5 = " Va = = x[sec’]. (13)

where v, ro, Z, z,, f are the rotary velocity and rotary ra- o . ) .

dius or distance between the vortex tubes, the relative values' N€ Palance of gravitational and inertial (centrifugal)
of charge and mass in the parameters of electron charge [Qig€S F = Fi gives avirial, from which one can derive the
mass and the ratio of electrical-to-gravitational forces, whidh@ximal gravitational mass of the object, satisfying condi-

under the given conditions, is expressed as follows: tion (9):
2
f= S _416%x102 ®) Mm = = fRogo = 1.012x 10%kg.  (14)
2004
wherey is the gravitational constant. _ 3 Structurizations of the primary medium and parame-
The balance of electrical and magnetic forces ¥F, ters of stellar objects

gives a geometrical mean, a characteristic linear parameter | ider obi in which h ir of
that is independent of the direction of the vortex tubes a w let ubs Icon3|der objects in which more than one pair o
the number of charges Orces 1S balanced. - .

Let us assume that an initially unstructured maximal mass

= Jrol = V2rcx [sec]= 7.52x 10° m, 9 evolves and becomes more cor_nplex — through the emer-
Ro 0 Var ex|sec] % © gence ofm-zones, consisting of single elements of the length

a magnitude close to the Sun radius and the sizes of typﬂézﬁnd massn. As follows from the constancy gfo in the

stars general case,
' 2
Thebalance of magnetic and gravitational forces £ F, 1 = goc? = mvi, (15)
also results in a geometrical mean: Ho ri

wherem, = ggl; is the mass of a vortemy-element. From
— _ |ZnZ, |20 e (13) and (15), one can obtain, having in mind (9), the ratio
fol = \/ Ze,Ze, \fT ¢ [sec]= \/? Ro. (10) for its geometrical parameters:

where the ratio of the products=z,7,/7,7, is an ToR. (16)
evolutionary parametemwhich characterizes the state of the ri

medium and its changes, as the mass carriers become pre-_ . b o he sinale tub hread i
dominan over e clecticlcnes . a 3 mater of o, 0T ) AL, e s s (reacs oo
shows how the material mediumfidirs from vacuum. '

In the general case, expression (10) gives a family %lflated from the virial:

lengthy contours, consisting of contra-directional closed vor- fiViz

tex tubes if,-contoury. The evolutionary parameterpro- Mj=—. (17)

portionally increases the mass of the vortex tube fomthe 4

element: Let the object contairz, local zones; then its mass will
m = eggl. (11) be Mg = zM;. Let us introduce a dimensionless parameter

26 A.V. Belyakov. Evolution of Stellar Objects According to J. Wheeler's Geometrodynamic Concept
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M = Mo/Mp. Then, making some transformations, one can Taking into account equations (8), (9), (23—-26) and mak-
eventually obtain uniform equations for all the parametersiofj some transformations, we can find parameters of the

the evolving objects with an arbitrary relative mags structured disk:
number of local zones Ro= MR, (27)
2/3
1 _ fM 28
Z = VivE (18) A - (28)
&C

zone radius Vo= sE (29)

ri=M¥Ry, (19) The parameters found are averaged when the disk struc-

tural elements are tightly packed, and they determine the core
of the object. Let us define the object boundaries — under
i = MY4R,, (20) the_ c_ond_ition that, if the systc_em af,-contours is rotating as
a rigid disk, the rotary velocity of contours at the periphery

must not exceed the speed of light. In this case, the maximal
radius of the disk will be:
vai = MY4c, 21 c

0 D Rn= 2% = 2R,. (30)

0

length of the vortex tube (thread)

rotary velocity in the zone

number of single vortex threads in the zone " ,
Let us further assume — within the framework of our sim-

M; plified model — that the mass of the object is concentrated
= m =M, (22)  gither in the center (thstate of corgor at the periphery (the
state of outer layer Obeying the angular momentum conser-
and, having in mind (10), one can take- . vation law, velocity at the periphery cannot be higher than:
Thus, as its mass decreases,dhgct simultaneously be- B
comes more and more compleetting subtly structured with Vi = voRo _ Vo . (31)
m-zones. Rm c

Let us assume that the initial state of SO is a rotating disk, Let the periods of core and outer layer rotation be ex-
which can further develop into larger structureg{contours) pressed asy = Ry/Vo andry, = Rn/Vm respectively (the
of the sizeR, x do, where the contour length Ry = | and duration of the inner and outer cycles).
diameter isdy = ro. With these designations, equation (10) Having in mind (27-31) and taking into account that

will look as follows: V2r = 2.51, we obtain
f
& — 2/3_
[doRs = \/; R.. (23) 70 = 251M%3, (32)
3
Let us accept, quite schematically and roughly, tgt Tm = 2.51M4/3(1) . (33)
&

contours in the disk are oriented radially-spirally and are

pulled in towards the center by the radial components of the Indeed, star cores rotate much faster that their outer layers
gravitational forces. These forces are approximately equal?b As the medium condenses and becomes more and more
(do/Ro)F,. Then, from the balance of centrifugal and gravdifferent from vacuum, the evolutionary parametegrows.

tational forces, There are at least two characteristic values of this parameter
do [ym satisfying the following conditions:
Vo = \/ Ry \ Ry’ (24) 1. The number ofin,-elementg, is equal to the number of

my-structuresz, which should correspond to the most
wherem and Ry are them,-contour mass and the averaged  giape oihalancedstate of SO in the process of its evo-

disk radius re_spectively. lution. In this caseZ = zy) — as it follows from (18)
Let us define the number af,-contours as and (28),
Ro g=f M2 (34)
%= do (25) 2. The number ofm,-elements is reduced to one, which

. . . _ . will include all the my-structures. This state corres-
_ With equation (11) in mind, the total mass of the object  ponds to the end of a certain period of object's evo-
will amount to lution, i.e., to thedegeneratstate. Here, from (28),

MMy, = 2 m = 7y £50 Ro. (26) e=fM¥3, (35)
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In the state of degeneration, whean= 1, the period of Parameter§  Balanced state Degenerate state
core rotation will — as follows from (30), (32), (35) — be e 2 47 % 1077 6.56 % 10°8
constant for any masses and amount to 2.51 sec, whereas the
size of the outer layer will be equal to the standard ra8ius z 26.6 L
In the general case, one can write, combining (34) and (35): The core

Ry 0.0126 0.0126
g=fMK, (36)
Vo 47 %10 0.0126
where the parametér> 2/3. To, SEC 66.9 251
Visible dimensions of stars, i.e., radii of their photosphe- Ty °K 56x 10° 15x 107

+

res, depend on many a specific factor; as a rule, they do ne
equal to the radiuB, and can be evaluated only roughly. The
same can be said about star temperatures. Let us take the mass Ry 26.6 1
of the Sun as a standard (the validity of such a choice wil Vi 291x% 107 157 % 104
be justified later) and consider the radius of the solar phota

. s . . , 1 =09. 1 100°=44h
sphere being close ®,. Then, within the limits of the main Tm SeC_| 3x10° =96 years| 158x 1¢f ours

The outer layer

sequence for the stable state and taking into account our disk_Tm °K 263 189x10°
model, the relative radius of the photosphBsefor a star of The photosphere
arbitrary mass can be expressed via the mass of the Sun. Itlis g 1 1
evident that for awo-dimensionamodel, T.°K 7050 180% 10F
M 1/2
R = (—) (37) Table 1: Note — radii and velocities are expressed as fractioRs of
Mo andc.
and in the general case,
M\ 4 Model adequacy
Ri = (M_o) ’ (38) |t seems improbable that such a schematic and simple model

would yield plausible results towards stellar objects. Yet it
wherei = 1...1/3 is a codicient reflecting the density ofdoes. Let us calculate some parameters sflar-mass star
packing ofm,-contours in the object. The mass of the Sun equals to<20°° kg; in relative units,
To evaluate the model object temperature, let us considgon division byM, Mg = 2 x 1076,
its radiation as that of black body. Let the maximal temper- Table 1 shows the results of calculations according to the
ature of radiation be achieved at the Compton wavelengthfefmulas given above.
electron,k = 2426 x 10712 m, and let us assume that the In our notationangular momenturof the Sun is equal to
radiation wavelength is inversely proportional to the rotary
velocity of the contour vortex tubes at a given radius. Then, 0.4(2x 109 voRy = 0.4 M§3/12Mmc R, =
from Wien’s formula, = 1.09x 10*? kg m?/sec, (43)
T=-, (39)

A where the coicient 0.4 takes account of the spherical shape
whereb = 0.0029x 10° m x °K. Having in mind this propor- of the body.
tion, the radiation temperatures at the radii of core and pho- Comparing the calculated equilibrium-state parameters of
tosphere (and an arbitrary radius as well) can be exprest#s averaged standard object (a solar-type star) with the ac-

as v tual parameters of the Sun, one can see a close correspon-
To =Tk (_0) (40) dence between their sizes, surface and core temperatures and
¢ periods of the solar cycle activity. The Sun’s angular momen-
and tum is calculated with almogterfect precision
Ts = Tk(@)(&) , (41) By the end of evolution, upon reaching the degenerate
¢ /\Ry state (atp = 1), the periods of the inner{) and outer{y,) cy-

whereas the energy of radiation (here and so forth, in keV)a@ss diminish to their limits (Table 1). In this case, the single-
Vo thread spiral structure would flatten into a disk — thick as the
E =511— keV, (42) size of the coreRy) and radiating to the sector of the disk
¢ plane. The period of radiation will bg, = 4.4 h; impulse
whereTy is the limiting temperature, correspondingt{oand duration,ro = 2.5 sec; and temperatures of the core and outer
equal to 119x 10° °K. layer correspond to energies, 6.4 and 0.08 keV respectively.
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The presence afi-zones in then,-contour will bring un-
certainty into the period of radiation, which will be inversel
proportional to the number afh-zones. For an object of
the solar mass, the uncertainty in the period of impulses w
amount tory,/z = 4.4h/26.6 = 598 sec.

These parameters are typical and correspond well to 1
x-ray sourcesbarsters For example, they perfectly fit the

parameters of the X-ray source 3U 1820-30 in the globul =0
cluster NGC6624 [5] etc. ZX >
0~ 2p=7;

Of course, the model presented here reflects only so k=2/3
essential features of stellar object structure. A stellar o \
ject can consist of toroids (balance of magnetic and gre Mp ;
itational forces), whose current-conducting elements rotz N
above the closed longitudinal axis of the tor (balance of ma Emax &1 Est
netic and inertial forces), whereas the toroids themselves lge
oriented in the plane of the rotating disk (balance of gravita-
tional and inertial forces). Such a system should hardly be
stable. The core would rotate faster than the periphery, and
them,-contours would coil up, with their kinetic energy trans-  As follows from the density ratio, a volume equal to that
forming into other forms (and then, probably, transformingf a single hydrogen atom should contain 27 atoms of the
back). Describing such a system as a multiturn plane-spirdtial matter, which corresponds, by the number of protons,
mechanical pendulum might be nave, yet in any case, thtyeéxtoms of the iron group. The density is typical for white
should take place awscillatory process of the object’s gravi-dwarfs, such as the famous Kuiper star.
magnitodynamical structurdndeed, the paired dark spots in It is interesting that the parameters obtain&d; po and
the equatorial zone of the Sun seem to be the outlehef 7o = 2.51 sec — practically indistinguishable from the values
contours — undergoing magnetic reversal and changing that should characterize the neck of a hypothetical magnetic
intensity and polarity with the period of 11 years. Their regiswormhole” of the masdviy, [4].
tered quantity (from several to a hundred) does not contradict
the calculated meany = 26.6. 5 Analogues of the Hertzsprung-Russell (H-R) diagram

Now let us calculate theensity of the SO coreln the and their applications

atoms of stellar matter (hydrogen, for the most part), SU’Pﬁe Hertzsprung-Russell (H-R) diagram shows the evolution-

stance circulates, according to our model, witpim- e~ — ary position of stellar objects on the “spectral class (temper-

contours with the mass ro, and circulation speed cannot b o . ) .
) ) ' — [ . L
higher than that of light [1]. %ture) uminosity” coordinate plane. Let us consider its

. . . analogues: diagrams “evolutionary parameter — mass”, and
At the same time, the magnitude of the chaggés con- g 9 yp

“temperature — mass”.
stant at any quantum number and equals to the momentum o P

the contour massg ro vg. At Vg — C, rg — r'omin, therefore

g M
=5
.
&
/

k=11/12

Fig. 1: The diagram “evolutionary parameter — mass”.

5.1 The diagram “evolutionary parameter — mass”

Tomin = % =1.65x 10 m. (44) On such a diagram (Fig. 13(M) dependencies would better
_ f’ be plotted on a logarithmic scale. At akythe diagram rays
The density of maximally condensed hydrogen atoms wihnverge on a point corresponding to the limiting mis

amount (for a spherical volume) to and limiting evolutionary parametef,a, = f.
3my . 5 Specific parameters of SO will depend on the position of
Pmax= 75— = 8.82x 10" kg/m*, (45) the object on the diagram. In general, with the converging
Omin point My, approached then, as follows from (27-33), (40),
wheremy is the mass of a hydrogen atom. (41), the number ofm,-contours will tend to 1; the rotary

Now let us represent the mean density of the core matetocity, to the speed of light; the core and outer layer radii,
as a ratio of the core mass to its cubic radius. Having in mit@lR;; the periods of the inner and outer cycles, to 2.51 sec;
the corresponding expressions, one can see that the densipésthe core and outer layer temperature3yto
invariable and depends only on the gravitational constant:  Evidently, for any given SO, the course of evolution may
go both towards larges values (condensation of medium),

MM M 1 . :
po= —at = —2 = 0 X [Sect — up toz = 1, and smallee values (depression of medium), up
RS RS y % [secP to the shedding of the envelope at the end of the evolutionary
=2.38x 10° kg/m®. (46) process.Using the microcosm analogies, one can compare
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these states to the Bohr and ionized atoms respectively =~ M.s.m.[

Let consider a stellar object which is in the main sequen

and has a value of the evolutionary parameter correspond 7000 *\ i
!

to the line of equilibrium ak = 11/12. Ate = const the Ms,e{
equilibrium massMp will correspond to a smaller madd, 100 |— %3 \Mz/
on the line of degeneration, for whidh= 2/3 andz, = 1 £
(Fig.1). In this case, one can obtain a mass ratio from (2 10 |
and (35): 4sm. —
Mp — Mél/8 ) (47) - Instabllltystng. A
1 \ ST TS

Since the mass of the Sun is considered standard, we s i YWhite Duars |
take the evolutionary parameter value on the line of equili o7 |— | \J~
rium for the solar massg; as standard too.

0,01

5.2 Collapsing red giants To

At the end of their evolution, stars become red giants and tt 0,001

shed their envelope (transfer to the state of the core), turn

to white dwarfs, neutron stars or, in the case of the large

masses, “black holes”. 10° 10° 1000 °K
Let us consider a star of chosen characteristic mass, for

which everym,-contour on the line of equilibrium has the

mass of the Sun, i.e., satisfying the conditidly = 75 M. . . -
Taking into account (28) and (34), we obtaify = M35 — m,-contours, will match an atom of iron, containing 52 nu-
' © éeons, and a nucleon, consisting of three quarkd ater,

2.76x 107° = 13.8 s.m. (masses of the Sun). Let us calcula . X . , : .
ther analogies with the microcosm will come into view.

the typical mass of a white dwarf forming from the core & Thus. i hat th fthe S qi lutional
such a star. Let us assume that on the line of star equilibrium, us, itseems t .att € mass o the unan Its evolutiona
its core (and, therefore, the malsty as well) are on the line parameteeg on the line of equilibrium are, indeed, standard.

of degeneration (Fig. 1). Then, having in mind (47), At %o = 3, the parametek ~ 0.75, and it changes slightly
in a wide range of masses. One can, therefore, expect that

M, = Mc1>1/8 _ Mél/m = 538x107, (48 the condition (50) is optimal for other masses as well. Then,
from (50),
which corresponds to 0.27 s.m. fM2%/24
After the envelope and core are separated, they can be fst= "3

considered discretely. Let the envelope evolve to a standard _
parametet, and the core delay at the critical stage of the-3  The diagram “temperature-mass”
transformation process. Combining these states, let take $iece logarithms of luminosity and mass are approximately
white dwarf massM, be proportional to the number af,- proportional within the limits of the main sequence, it would
contoursz, — of the total number ofn,-contoursz, of the be convenient to draw the H-R diagram analog in the coordi-

Fig. 2: The diagram “temperature-mass”.

(51)

massMg at g nates of “temperature — mass”.
M. = Mo Zp (49) From (27-30), (34), (40) and (41), one can obtain ex-
P - pressions of th& (M) form, corresponding to the equilibrium

Having in mind (28), (34) and (48), one can find the nuriémperatures at the radii of the outer laj&arand coreR at
ber ofm,-contours in the core: k = 11/12. On a logarithmic scale (Fig. 2), they are straight

lines, converging on the poiM,, (outside the diagram):
£ V25724
z,= —2— =M;Y? =208 (50) Tn=TeM"®, (52)
Est
_ 7/12
Therefore, the total mass of the star will be equivalent to To=TikM7™. (53)
Mo/Mp = Mg¥® = M;¥*° = 51.2 white dwarf masses, which  Stars of the main sequence have photospheres whose radii
corresponds to the number of nucleons in the nucleus of irg@ usually smaller thaR,,. To construct dependencig$M)
(more precisely, iz, = 3, thenM, = 1.9x107° and the num- for the photosphere, let us use formula (37). Taking into ac-

ber of “nucleons” is equal to 52). Here we see another angbunt (38), one can obtain, in the general case:
ogy with the microcosma standard red giant, containing

52 white dwarf masses, and a white dwarf, containing three Tt = Te ML MK (54)
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For the equilibrium state & = 11/12, we obtain three temperature on the linear size, the temperature of the photo-
lines corresponding to three possible variants of packingsghere can be expressed via the temperature of the core:
m,-contours: into one-, two- and three-dimensional structures

—ie. afi = 1,1/2,1/3 (Fig. 2): T = To(ﬁ)m, (60)
Th, = TcMo M7Y12, (55) Taking into account (27-30), (40) and acceptig= R,
Ty, = Tk Mé/ZMS/lZ’ (56) one can obtain, by analogy to (58),3 2
Ty, = T MY3M7/22 (57) Te=14x10"° |\8/|1//2 . (61)

These lines converge on the point with coordinates close This formula should be used when the star evolves beyond
to the real parameters of the Sun, and their crossing with the equilibrium line and the radius of its envelope greatly in-
outer-layer equilibrium line gives three characteristic masseggases. It is evident that the formula gives a bit overrated
M;, M, andMs. The massvl; = Mg/5 = 138 s.m.,, i.e., this values ofT;. In Fig. 2, isolines plotted according to (61) are
mass also satisfies the conditibh = zy My, and is equal to indicated ag:s;.
the mass of a red giant, which was calculated in the previous Taking into account (51) and substituting the expres-
section. The mas®l, = 794 s.m. is the largest possiblesion in (61), one can obtain the lifigM), along which stars
mass for a main-sequence star. According to (47), this még®ing into red giants are lined up:
can give rise to an objept whose mass will be 3 s.m., which T, = 0.192T, M(1)7/1e. (62)
corresponds to the maximal mass of a neutron star. The mass
M3 = 277 s.m. is the largest possible mass for a star with the The parameters of stars with the masbgsand M, cal-
most condense packing. According to our model, the strg¢Hated for diferente values are shown in Table 2.
ture of SO is two-dimensional; hence, stars of the main se- As for the “superstar” object, with the calculated mass
quence are on the lin€;, (bold line). Here, on the diagramMs = 277 s.m., its existence has been verified. The recently
T-M, one can also see isolines of the parametevhich, fol- discovered star R136al has the following parametils =
lowing (27-30), (41) and combining the constants, will loo&65 s.m.R; = 63R; andT; >40000K [7]. The calculated
as , parameters of such a star — assuming it to be on the extension

_ 77 & of the main sequence — are as follow$;,, according to
Ti =686x10 M23° (58) (56), is equal to 7250; & from (61) is equzal to 8 x 10%;

It should be noted that specific sequences of the globulBf- = Rm and, according to (30), is equal toR&/. In other
cluster stars formed from a medium with the same evolutiofords, the object should be somewhere to the right of the
ary parameter are also located along their avisolines. main sequence line. _

When stars leave the main sequence and evolve towards-0cated in the bottom part of the diagram are red dwarfs.
lessere and T (to the right on the diagram), SO parametersheir typical parameters are the following: masg, 0..,0.8
change; particularly increasing is the envelope radius. Let348; radius, @...0.85R,; temperature, below 380K [8,
assume that beyond the line of equilibriuRy, = Ry, (actu- 9]. Since their radii are approxmately_proportlonal to their
ally, the visible sizes of a star depend on many specific factfgsses, they are on the lifig,, but their temperatures are
but we shall abstract from them in our model). lower, so it Io_oks like they are on the extension of the main

When calculating temperatures of the star envelopes (4§quence. It |s.supposed tha_t they evolve towards more con-
we implied that a part of the core radiation energy is trarféénsed states, i.e., towards highemdT.
formed into other forms or spent in the star inner processes. LYing on the lower segment of th&y, line are brown
But for the envelopes of giant stars, which are located to t@arfs. Their typical parameters are: mas€1@...0.08
right of the equilibrium line on th&-M diagram, formula (41) S:M-; temperature, 3000.300 °K. Their radii change in-
gives underrated results. The average density of giant staiggificantly over the range of masses and are approximately
extremely low, and the energy of hot core radiation will if2qual to that of Jupiter [10, 11]. _
significantly be absorbed by the rarefied atmosphere of theseAt the very bottom of the diagram is the maby =
stars. In this case, to determine temperature of the phot® X 10°° — the giant planet Jupiter. The temperature of
sphere, one can use the well-known formula for thermal rati§ outer layer on the lind', is equal, according to (57), to

ation power, considering core as a radiation source: 123K, i.e., it is close to the temperature of the outer atmo-
sphere layers. The densities of Jupiter, brown dwarfs and the

N = oT*S, (59) Sun are approximately equal; all these objects are near the
line Tx,.
whereo is the Stefan-Boltzmann constant equal ©7%1078 Thus, all the types of SO are arranged logically on the
W m2(°K)™*. Having in mind the evident dependence of-M diagram.
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Parameter M; =138s.m M, =794 s.m
€1 Esy &2 Esty Esy
£ 276x 108 | 247x10% | 1.37x10*® | 1.53x 10°® | 2.47x 10¥7
Vo 0.00219 0.000197 0.0061 0.00068 0.00011
Ry 0.0302 0.0302 0.0542 0.0542 0.0542
Rn 13.8 153.4 8.9 80 495
R¢ 3.7 153.4 8.9 80 495
To, SEC 345 388 22.3 200 1242
Tm, days 83 1.15x 10° 7 5037 12x10°
Tmz days 6 752 0.78 63 2409
To, °K 2.6 x10° 2.34x 10 7.2x10° 8.07x 1¢° 13x10°
Tm, °K 5710 3290 44000 21000 1370
Ts, °K 21200 3290 44000 21000 1370

Table 2: Note — radii and velocities are expressed as fractioRs ahdc.

5.4 Variability of stellar objects sizes of the star envelopes and the periods of their outer cy-

The types of variability of SO radiation are very diverse, ar%es reach their. maxima.. Locateq on ABG meg-period
variability is intrinsic, to some degree, to all SO including thgriable starswith the period of brilliancy oscillations up to

Sun. The most common type of variability is optical alte -0_0_0 days)sgmi_-regular variable stargwith the periqd .Of
nating variability (pulsations). According to our model, su filliancy oscillations up to 2090 da_ys)_ gnd soon. W'th'n the
pulsations are a natural result of the existence of oscillat mework of our 'T”Ode" their variability can be. explained
processes in the complex SO structure not only by the existence of the outer layer periog, but

The most stable, in terms of amplitude and period of brﬁx_lso by a heterogeneity of their outer layer radiance [15, 16].

liancy oscillations, are pulsating stars of high luminosity _The heterogeneity results from the passage — along the star

Cepheids yellow giant stars [12, 13]. On the diagrafM, disk perimeter with the intervals af,,— of hot (cold) zones,

their position would correspond to the mads on the equi- containingm,-contours.
librium line T, whereR; = Ry, The calculated parameteR,, T, and ry, for My (Ta-

Leaving the main sequence, stars become variable ueg?‘Z) are in a reasonable agreement with the averaged obser-

crossing the isoline; (instability strip), corresponding to the ation data for Cepheids at and for long-period variables
equilibrium parametet for the characteristic madd;. As atesy [12, 17]. ) .
follows from the diagrarT — s, the parameter decreases for | N€ parameters of SO of the mads on the line of equi-
masses larger thad; and increases for masses smaller thdR"um ate2 approximately correspond to those of hot super-
M, — until it reaches the isoline,. giants PV TeI-type, with the period of pulsations from 0.1 to
The masses of Cepheids are in the range 20 s.m. The 1 day. Onthe lindl¢, ates,, they correspond to the parame-
minimal Cepheids mass is defined by the intersection of #§&S 0fa Cyg-type super-giants, with the periods from several
isolines; and the lineTy,, giving M = 4.1 s.m. which agreesdays _to sgveral weeks [12]. Further evo]uuon of such stars in
with the value indicated in [14]. One should bear in mind thifte d|rect|on of smallee values results in the formation of
this intersectiorpoint on the diagranT-M corresponds to a"ed super-giants.
segmenbn the diagranz-M — from the line of equilibrium
to &;. This segment corresponds to the initial period whe§1
the star begins to descend the main sequence. During g group of SO includes white dwarfs, having the maxi-
processR: — Ry, which results in the star luminosity tomally compact packing of atoms, with the densily and
grow. The growth is not reflected on theM diagram; on the stellar bodies based on neutron stars, whose matter is com-
diagramH - R, it corresponds to the initial segment of theressed to the nuclear density Such objects are formed in
star’s evolutionary track. the extreme cases, when SO evolve in the direction of either
Going on, stars evolve in the direction of lowerval- the largesk values (wherRy — R; “outer-layer state”) or
ues and reach the isoling; (asymptotic branch of giants,the smallest ones (when the envelope is shed; “core state”).
ABG). The isoline corresponds to the equilibrium paramés both cases, the initial oscillatory process is replaced with
ter ¢t for the standard solar mass (Fig. 1), under which thige rotation of the final compact object, of the mdgs with

Compact stellar objects
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the rate y. 6.2 Neutronization

At the final stage of evolution, there is, as indicated i the context of our model, the process of neutronization can
[18], the possibility of a physical “coupling” of the star envepe represented as a loss of stability of the structurengf
lope with the core. Let us assume that there exifiB0&ess contours and the transition of the structure (through its inver-
analogous to the absorption of an electron by the protongjon along the vertical axis) from the plain two-dimensional
i.e., the final compact object acquires the momentum of thgo 5 one-dimensional configuration, which is energetically
outer layer, with the transition to an “excited” state We more favorable. Let us assume that the result will be a single
cannot consider the mechanism of this phenomenon Wlﬂﬁlgl_contour or just a single vortical tube (neutron object).
the framework of our model (moreover, the envelope and the Roughly, the parameters of such a primitive object can be
core are considered here affglient states of the same singlgefined as in Chapter 3. Placing the param&eaiong the

object), so let us restrict ourselves to a formal application @ftical axis and considering= 1, one can obtain:
the momentum conservation law:

fM,c
Mo Vim = Mp Vp. (63) Vn=—"> (66)
2
6.1 White dwarfs _ &R
dn szn ’ (67)

A white dwarf resulting from the star evolution towards lesser TYNR

£ values, should inherit the parameters of the star core by the Ry= ——=, (68)
moment of the envelope shedding. For a star of the rivass &

the parameters will be as follows: core temperature,
234000K; period of rotation, 388 sec (Table 2). According
to (_47)’ (27) and (46), the mass, radius and mean density 0fRotary velocity cannot exceed the speed of light. There-
white dwarfs are 0.27 s.m., 0.00B2 and 238x10° kg/m® re- fore, atw < ¢, & > fM,. Thus, for compact objects, the
spectively. Indeed, very young white dwarfs can be observ :Qametek in (36) should be< 1 (in any event, as follows

in the X-ray range; the periods of their pulsations are in t m the comparison of the calculated and actual datan-
range of tens to thousands of seconds, and they have ty e mychy larger than 1). Let us limit ourselves to defining

cal sizes and densities being in agreement with the Calcu'%%?ameters aty= c. Expressing: from (66), one can obtain:
parameters [12, 19, 20]. ' ' '

(e/f)°

= 251
n

(69)

A white dwarf resulting from the evolution of a low-mass dh = My R, (70)
star towards larget values (without shedding of the enve-
lope) should have the mad, ~ Mo. Then, its \ = V. Ri=Ro, (71)
Having in mind (29), (31) and (36), let us represepias 5 = 2.51M,,. (72)
Vi = CMgk—2/3 (64) It should be noted that a high-frequency modulation with
7, up to 10 sec is present on the radiation diagrams of some
and the period of rotation as neutron stars — pulsars [6].

As the evolutionary parameter grows, the sizes of a neu-
tron object shrink along the axes, and on the line of degener-
ation, atz = 1, one can rewrite expressions (67-69), having
in mind (35), in the following form:

At z= 1 andk = 2/3, an object of the mass 0.27 s.m. will

= 2 = 251IME, (65)

Vm

—R. — M3

have the following parametersyyc = 6.7 x 107°; r,, = 308 dh = Ry = My Ro, (73)
sec; and the energy of radiation, according to (42), equal to R,

0.034 keV T = 79000K). Here, the calculated parameters ™= =251lsec (74)

are, too, typical for a young white dwarf. As the object on . o . .
yb young J Of course, this scheme is ideal. In reality, the objects

the T-M diagram shifts to the right, the parametegrows, d . . di di
which corresponds to the decline of the rotary velocity a.‘?hése on neutron stars are in some intermediate state, and in
the general case,

temperature of the white dwarf. 4= M R, (75)
On the diagranispectrum-luminosity’ the zone of white noon e

dwarfs seems much narrower than that on the diagrdvhh wherej = 1/3,...,1 is a codicient taking account of the

since their luminosity is determined by the radius, which, agbject packing (shape).

cording to (27), is proportional to cubic root of the object It seems that the neutron state should be realized, to some

mass. extent, in the core of any star — and this can be proved. Let
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represent the mass of a single vortex tube as that of a cylinet Radio pulsars
of the lengthR, and radiusi,. Taking into account (70) andln our model, the simplest radio pulsar is a vortex tube which,

(72), by definition, is in the regiorY (“boson”). The vortex tube

Mn Mm = pn (MnRo)? Rs, (76) is a macro-oscillator or radiator, with oscillations forming as

longitudinal vibrations along the entire tube, while propagat-

wherepy, is the vortex tube averaged density. Let us assuig to theX region as a cross wave from their source (the en-
thatp, cannot exceed the nuclear dengity which shall be trance of the vortex tube to théregion; orifice) [2]. Presum-
considered equal tmy,/r3 = 7.47 x 10" kg/m3, wherem, is  aply, radiation in the observable regidhhas a wavelength

the mass of a proton. Then, as follows from (76), A, commensurable with the characteristic size of a single el-
ement of the vortex tube. A vortex tube, according to (22),

Myin > Mnm ’ 77) consists oh = ¢ single vortex threads — therefore, the char-

piR acteristic linear size of a single element (region of radiation)

will amount, under the condition of maximally compact pack-
which, upon substitution of values, gived 9x108M,,. This ing of vortex threads in three dimensions, to
mass corresponds to 0.016 solar masses or 17 Jupiter masses
— exactly what the smallest cosmological mass, which is still dp =&
considered a star, should be.

Y3, (80)

The speed of vortex tube rotation can be expressed as a
proportion of light speed — using the analogies described in
6.3 Masses of “black holes” Chapter 3: R

k
The diagrams:-M and T-M show the boundary of a critical Vp=Cq - (81)
. p
mode, where the rotary velocity of a vortex tube reaches that _ =~ .
of light. On the diagran-M, the ray indicating the critical  12King into account (36) and .comblnlng the constants,
situation looks — taking into account thit, is the mass of ©N€ ¢an find the period of a pulsar:

the compact object to be raised — as d £2/3¢2
Tp=— = —2=2825M%" sec (82)
11/8 Vp  C
g=fMp =M%, (78)
Along the vortex tube of the pulsar, radiation is formed

On the diagranT-M, the same ray has — upon substitRy mi-zones, the number of which is determined by the pulsar

tion of £ in (61) — the following form: mass. The averaged profile of the radiation pulse is a result
of random superposition of many single pulses. Therefore
Trim = Tk M22/16, (79 the duration of the generalized pulsar putgecan be in the

range from the duration of a singhg-zone pulse to the total

As follows from this construction, a ray segment is "mal:;ﬁggr;noin?ﬁf?fggf allgt)haenzdopzels), .e. fromv 0.2 1i/Voi.

ited by the ordinates of the masdéls and M3 and intersec-

tion with the isolineses, andes, — there are almost per- Tpi = 2.51Mé/2--~1/4, (83)

fect ternary points of intersection. It is these masses that give

rise to neutron objects with the masses, according to (47), For a pulsar, the standard mass is taken as 1.4 of that of

3,...,16 s.m., which are the sources of hard X-ray radiatiéhe Sun. Then the pulsar periodiat 2/3...1 will be, ac-

andcandidates for the star mass “black holefg'8]. cording to (82), in the range from 0.97 to 0.045 sec; and the
Indeed, for giant stars of a malss— Mg, the critical mode fjuration of the generalized pulse will pe, according. to (83),

begins before the moment they reach the asymptotic braftHe range from 0.1 to 0.0042 sec, this corresponding to the

of giants (super-giants). With further decrease of the parai@poral parameters of the majority of radio pulsars [21-23].

etere, a star should release the excess of angular momentumRadio radiation of pulsars covers a broad range and is ex-

— probably, by means of dropping the excess mass, whi@mely heterogeneous in time, intensity and frequency. N(_av-.

can be interpreted as shedding of the envelope with the feftheless, there are stable averaged spectra of energy distri-

mation ofsupernovaNext, the star core of a mass, < ¢/f bution over frequency obtained by multiple instant measure-

transforms to an object which presently is classified as tRgnts of radiation at dierent frequencies over large periods

“black hole” candidate. If neutronization of SO occurs f&tf time. o _

beyond the critical boundary (at lowvalues), the mass of L€t dp = 2rdp, then thefrequency of radiationtaking

the emerging object will be very small. The latter might b8to account (80-82), will be as follows:

one of the causes of the supernova remnants to contain few c c

compact objects. P 2nd, 216t Hz, (84)
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which, having in mind (82), can be reduced to
26
vp = 1771,"? GHz (85) 25
Sinced, is the minimal parameter provided that-zone 24
are packed most compactly, expression (84) will givaxi-
malfrequencies. However, the averaged spectrum extends far
in the region of low frequencies and has an energy maximum. 221
On the basis of our model, this fact can be accounted for by
pulsation of the vortex tube in the limits df, formula (75),
and the existence of its optimal packing, less than 3, which the 20
pulsar assumes most of the time. As indicated in [3], it may
be the fractal dimensior = 2.72. In this case, the power 2 - 0 1
of the parametes will be equal to Je, and, as follows from 'g period, sec
(84), vp/vm = £%9%4. Having in mind (82), one can obtainFig. 3: Dependence of the radio pulsar radiation power on its period.
for the frequency of the maximum: Mp=3...0016 s.m.k=0.66...1.

D),
\

2
= 23]
=2

-0.55
vm = 0.0804r,™ GHz (86) dependence is plotted in the range of masses®016 s.m.

. . . .. —i.e. up to the minimal masses still able to neutronize (see
Formulas (85) and (86) are virtually identical to the 'meEhapterpﬁ.Z). (The question on the range of radio pLEIsar

polation formulas given in [23]. L . ) .
.2 . masses is still open, since they can be determined only in rare
Although radiation of pulsars is not thermal, thewer of es) P y y

radiation N, can be determined on the basis of a formal use
of the Boltzmann formula for thermal radiation of black bodyg 5 Excited states. Gamma-pulsar

under the following conditions: . ) )
. _ Essentially, pulsar or vortex tube is a lengthy solenoid. In
. taker] as the area of the radm;tmg surface is the Cro§§i model, the full length of a threagil; does not depend,
section of the vortex tub& = d; according to (18) and (20), from the mass and is equal to
e taken as theféective temperatur@.s is the tempera- R,; the length of a turn is, in general Cawé) R., and the
ture corresponding to the radio frequeriGyincreased number of turns in the initial state is N M~ /x.
proportionally to the relative length of the vortex tube |et us assume that the configuration of the vortex tube
(i.e. proportionally to the ratio of the initial-objéata- can change — e.g., upon the formation of a secondary spiral
dius to the diameter of the vortex tubles = T,Ro/dp).  structure. In this case, the initial radius can diminish to the
Since, having in mind (39, 40, = TkAx/d,, One can ob- minimal radius of the vortex tubg,, and the number of turns
tain, taking into account (36) and (80) and combining tf§&n grow to the number N = R,/rd,. Then, taking into

constants, account (36) and (80),
Ter = 1.06x 10'M /323, (87) N )
Om _ /3 _
Finally, after calculating the constants, we get an expres- N 1.66x 109Mp 10°...10, (89)
sion forNp:

which will result in the correspondingly increased magnetic
Np = 0T S = 145x 10°M3- 2w, (88) Power and activity of the pulsar.
This state can be considered as an “excited” state of the
Thus, our model predicts that lat— 2/3, a radio pulsar radio pulsar. If the iective temperature grows proportion-

should have dower limit for radiation power Nmin), which ally as well, the energy corresponding to this increase will be
the pulsar will be approaching as its rotation is getting slow#ansferred into the gamma range. Multiplying (87) by (89)
The limit Nmin is equal to 245x 10°° W and does not dependand taking into account that for the vortex tupe 1, one can
on the pulsar mass. A&t = 1, expression (88) will give anobtain
upper limit Np, which is dependent on the pulsar mass. The Ter = L76x 10"°My/3*. (90)
limits do exist [23], and no pulsars has been found at the lu-

minosity belowNin. (90) will give (upon conversion into electron-volts) values up

On the basis of (82) and (88), a dependehife,) can 3 4 ; :
be constructed (Fig. 3), which corresponds to the correlatitgnlo1 ... 10 eV. This explains, for example, the observed

iven in [23]. To cover the zone of millisecond pulsars, t amma radiation of the famous pulsar in the Crab Nebula
9 ' P ' l%nore than 1& eV). Ratio (89) serves estimation purposes,

*The object of the initial mass (before neutronization). yet it can be used in other cases as well.

Thus, at certain combinations of the parameters, formula
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6.6 X-ray pulsars

Massive stars give rise to neutron objects. Let us assume

that such an object can be formed at any stage of star evolu- 30

tion, with the envelope momentum transferred to this newly

formed object. Let us also assume that further evolution of

this system as a whole can go both to the right (up to the state

of outer layer) and left (up to the state of core) of the equi-

librium line with the eventual formation of axray pulsar of

the massv,. 20
As a rule, X-ray pulsars do not radiate in the radio range.

According to the model considered, we can assume this resid-

ual compact object to be already in the neutron state, while its

vortex tube (or a part of the tube) excited at the expense of an

additionally absorbed momentum to be still in tkeregion 19 (t/15°)

and to radiate in the X-ray range. Fig. 4. Dependence of the radio pulsaray luminosity on the
Let us determine the pulsar's parameters. Having in mipgrameter dr,/dk)/r3%. M, = 3...03 s.m.,k = 0.66...1,

(63) and (64) and substituting, according to (4¥)y* for j =0.68...0.73. Observation data are taken from [23].

Mo, one can obtain for the pulsar:

25

Ig N, W

objects — on the example of correlation betweeray lu-

_ 1.454-0.7575
Vp = CcM ’ (91) minosity and the parameted{/dt)/z>°, given in [23]. The
3 145407575 period derivativelr/dt, the rate of deceleration of pulsar rota-
Ep = 511IM; keV. (92) tion, is determined from observations. In our model, rotation

The pulsar periodin/vp, in the case of arbitrary pulsarslowdown is determined by the general process of evolution

form, will be equal to of the object’s medium, i.e., by the paramétefo let us use
_ a derivative of the period in respectkpconsidering the pa-

_ Mp Rs _ 257 075751454 93 rameterj constant and replace the aforementioned expression
= vp P ' (93) by corresponding equivalent. In the endfeliientiating (93)

and combining the constants, one can obtain
It should be noted that & = 0.75 andj = 1/3, theM,

factor in (93) will be zero and, = 2.51 sec — the same drp/dk
period for any mass. T%S
Let us consider the pulsar radiation to be mainly thermal.

Then, one can calculate its power according to the Boltzmann Fig. 4 shows the dependence of X-ray luminosity of a
formula, taking as theadiating surfacethat of the vortex radio pulsar on the parametair(,/dk)/75° in the range of
tube of the lengttRy (i.e. S = ndpRy). In this case — masses 3..0.3 s.m. The dependence fits the observation data
analogously to (88), taking into account (27), having in mirf the values of the parametge 0.68...0.73. In Fig. 4, the

Tp = (TkEp)/511 and after transformations — one can olsize of squares is approximately proportional to the number

= -3.35IgM, 7,>°. (95)

tain, for an X-ray pulsar: of observation points (41 points in total according to [23]). In
our case, the derivative does not require a scaléficant to
Np = 1.22x 10Mp™27 W (94) satisfy the initial conditions.

_Itis known that duringoutbursts the power of radiation
The parameters of most of the known X-ray pulsars {iminosity) reaches a magnitude of the order oM and

into the intervals calculated according Fo (92-94) for the St"’mgher [25]. According to our model, such an increase in lu-
dard mass 1.4 s.m. &t=2/3...1andj = 1/3...1: 7p = mingsity can be explained by periodical excitation of the vor-

0.002...260 secEp = 0.07...35 keV,Np = 10%°...10° 1o, he (see Section 6.5). In this case, multiplying (94) by
W. Periods of more than 1000 sec are characteristic for s g@) one can obtain

masses or for the cases when momentum is not fully trans-

ferred from the outer layer to the emerging compact object. Npm = 2.03x 1047|\/|g-82k+i-2-7, (96)

Thus, there exist restrictions on the magnitudes of periods,

energy and radiation power; and it is them that explain, to a Formula (96) gives rational results. For the miks: 1.4

certain degree, the partially non-thermal form of the pulsagsn.,N,, will reach, depending on the parameters, magnitudes

energy spectrum (a cutfdn its high-energy region) [18, 24].of 10%...10% W, which agrees with the power of the giant
Radiating in the X-ray region are also some radio pufamma-ray outburst from the source SGR 1900-14, which

sars. Let us demonstrate the adequacy of our model on theas registered in August 1998 (aboufad W) [27].
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Fig. 5: The solution region: dependence of the radio pulsar radiatieig. 6: The solution region: dependence of the X-ray pulsar ra-
power on its period.M, = 3...0.016 s.m..k = 0.66...1, j = diation energy on its periodM, = 3...0.3 s.m.,k = 0.66...1,
0.33...1. j=033...1.

It would be interesting to get independent estimates of tiig!lar mass of 4 s.m. is tireinimal massble to give rise to
mass of compact objects, which, as one can see, have a §filron stars.
ilar origin. Let us assume that in the process of their possi- -€t@n X-ray pulsar evolve towards lessemlues. Equat-

ble inter-transformations, their masses and periods changd'fd-exPressions (82) and (93), one can obtain

significantly. Let the X-ray and radio pulsar periods are equal 2052

in the marginal cases — when the initial SO, giving rise to lg M, = 07575 212K+ " (99)
a compact object, evolves towards the largest or smadlest ' ' J

values. In the limit, k = 1 andj = 1 (vortex tube), theM, =

Let us consider the case when evolution goes towarslg x 10 or 1.15 s.m. Here, we have got a typical pulsar
largere. With & increasing, the massl, should grow and mass. Such a pulsar will have a relatively soft X-ray radia-
atz — 1 become equal to the original ma¥s (Fig. 1). Per- tion, and with the parametgrgrowing, the pulsar period will
haps, such a process should be associatedagitfetion in jncrease. Such objects can corresponsingle neutron stars
binary star systemsProceeding to the madd,, let us sub- [26]. Indeed, as follows from the observation data, pulsars of
stitute Mg ® for My in (91). Thend, = M) R, and (93) will pinary systems will mainly speed up their rotation, whereas
take a form of _ single objects will slow down.

Tp = 251M %A, (97) The properties of SO are determined by the totality of

Equating (82) to (97) for the periods, combining the coﬁheir parqmeters; that is why _two-param_eter diagrams always
stants and making transformations, one can obtain in the ep%\.{e a V\."de sc_atter of experimental points. LeF us represent
the solution region of the dependendéry,) for radio pulsars

2052 more extensively — expressing its period according to (93),
1.042- 266K+ | (98) which contains the paramet@rand considering some radio
pulsars evolved from the X-ray ones, with their periods being

In the limit, k = 2/3 andj = 1/3 (sphere), theMMy = approximately the same (Fig.5). The region of observation
8x107°% or 4 s.m. This mass can be considered as the total maties [23] fits well the solution region.
of alow-mass binary star systecontaining an X-ray pulsar,  Analogously, using formulas (92) and (93), one can plot a
this being in agreement with the accepted estimate (2.5 sswilution region of the dependenE¢rp,) for the X-ray pulsars
+ 1.4 s.m.) [18]. Such a pulsar will have a relatively har@Fig. 6). Clusters on the images may indicate regions where
X-ray radiation [25], and, with the growth of the parametepilsars have preferable parameters — e.g., the right bottom
j, its period will decrease. partin Fig. 6 may indicate, by the combination of parameters,

The obtained mass value is, in fact, coincides with tlaeregion of single neutron stars.
minimal mass of a Cepheids (see Section 5.4). Thus, an SOThere appears a question: can slow X-ray pulsars trans-
with the mass 4 s.m. can evolve both to the right of the eqfarm into radio pulsars, whose period will not exceed several
librium line (shedding the envelope) and to the left (formingeconds? One can suppose that comparatively to radio pul-
a binary star system). In both cases, a compact object willdz's, X-ray ones have an excessive angular momentum (since
formed at the end of evolution, and one can suppose thattter radius in the regioX is much larger than that of ra-

|g Mo =
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Fig. 7: The solution region: dependence of the radio pulsar radig. 8: The solution region: dependence of tffeceency of transfor-
tion power on its magnetic field -N(B) to the left; N(B,,) to the mation of rotation energy in-to radio radiation on the pulsar period
right. M, = 2...0.2 s.m.,7, = 0.003...3 sec,k = 0.66...1, (initial state).M, =3...0.016s.m.k=0.66...1,j =0.33...0.55.

j = 0.33...1. Observation data are taken from [23].

2...0.2 s.m. and periods.003.. .3 sec. The figure also rep-
dio pulsars in the regiolY, and as they “submerge” into theresents the observation data for the pulsars with sBiadl-
regionY, their period shortens). ues taken from [23]. Masses and periods are connected using

Thus, it can be supposed that gamma, X-ray and radidormula (93), which contains the paramefer It is known
pulsars are dfferent forms of excited vortex tube or, usingthat according to the strength of their magnetic field, pulsars
another analogy with the microcosm, three species of netare clustered near values of the order of 40d 16° G [18],
trino. The primary state — radio pulsar — possesses onlyhich agrees, in general, with the distributions obtained.
the initial angular momentum of the vortex tube or spin To analyze pulsar parameters, the functigny) is also

_ _ used, which includes the magnetic fo8¢23]:
6.7 Magnetic properties of pulsars
3 4
Our model explains the correlation between the magnitude of n = SNpC TP’
the magnetic fieldd and other pulsar parameters. According 8r*BPR

to Sl definition, for a lengthy solenoi@ = o nl, wherenis \nerey is the pulsar fiiciency, i.e., the iectiveness of trans-
the number of turns per unit of lengthis the current strength ¢5mation of the pulsar rotation energy into radio radiation.
andy is the relative magnetic permeability. According to [23], formula (102) takeR, = 10° cm. For
The initial solenoid length is equal ®. Letn = N/Ro.  more objectiveness, let us replace this constant with the di-
Let us define the cdicienty as the compactness of the solyeter of the vortex tube according to (75). Having in mind

enoid coil in the initial sta_te N,/ Ro. The current strengthin (82), (88) and (100), let us transform (102) to the form (in the
the “Coulombless” form igeme ¢(Ro/re) % 1/[sec] (see Sec- 54 ssian system):

tion 2), wherez, is the number of single charges per coulomb,
equal to Jey. Ilgn =85+ (2.667-2j)IgM,. (103)

In our model, Sl units foB are nTl. To switch from S ) . )
to the Gaussian system of units, introduction of an additional T(_)gether W'th_ formula (82),’ this gives the regionsgt)
factor of 10 is needed. Opening the expressions/fgreg §o|_utpns for radio pulsars: (F|.g.8). Singe< 1, there are
andR,,, taking into account that N M-I/, as well as (27), limitations for some combinations of the parameters. In the

(36) and (80), and making transformations, one can ﬁna%ce_pt_ed, according to [23], range;p\‘/a_lues_;, the parameter
obtain j1s limited by the range 33...0.55, which is characteristic

B = 127x 10°4MK3-2-2/3 5. 100 for pglsars w_ith §maIB valqes. The origntation of clusters on
P (100) the diagram indicates the increasejafith the growth of the
Many radio pulsars have larg8rvalues. For the excitedperiod.

state, multiplying (100) by (89), we will have Analogously, substituting the parametdy, info (102),
= 2.1 105M;i—2/3 G. (101) one can obtain

(102)

) i ) lgn =-119+(0.667k - 4j + 2.667) IgM,,. (104)
Fig. 7 shows the solution regions for the dependences

N(B) (to the left) andN(By,) (to the right) calculated accord- In this case (Fig.9), in the accepted rangenofalues,
ing to formulas (88), (100) and (101) in the range of massix® parametey is limited by a narrow range of large values,
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e stars with masses less than 4 s.m., which in the end of
evolution will become white dwarfs;

e giant stars with masses 4. 79 s.m., which in the end
of evolution will give raise to neutron stars;

e super-giant stars with masses.792277 s.m., which in
the end of evolution will give raise to X-ray sources —
candidates for black holes.

2

Ig efficiency

It is the stars of small masses and their final states (cold

white dwarfs, “protons”) that are the “first family” of stel-

lar population. They make the majority of it and are stable

on the cosmological scale, since their lifetimes are immeasur-

ably longer than the lifetimes of other stellar objects.
Hopefully, the results obtained and the presented model

Fig. 9: The solution region: dependence of tfieeency of transfor- can pe useful for further theoretical studies in the field.
mation of rotation energy in-to radio radiation on the pulsar period

(excited state)M, = 3...0.016 s.m.k=0.66...1, j =0.94...1. Submitted on: June 26, 201 Accepted on: October 10, 2012

Ig period, sec
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Sampling the Hydrogen Atom

Norman Graves
192 Old Woosehill Lane, Wokingham, UK. E-mail: normangraves@btinternet.com

A model is proposed for the hydrogen atom in which the electron is an objectively real
particle orbiting at very near to light speed. The model is based on the postulate that
certain velocity terms associated with orbiting bodies can be considered as being af-
fected by relativity. This leads to a model for the atom in which the stable electron
orbits are associated with orbital velocities where Gamm@gds leading to the idea

that it is Gamma that is quantized and not angular momentum as in the Bohr and other
models. The model provides a mechanism which leads to quantization of energy levels
within the atom and also provides a simple mechanical explanation for the Fine Struc-
ture Constant. The mechanism is closely associated with the Sampling theorem and the
related phenomenon of aliasing developed in the mid-20th century by engineers at Bell
labs.

Since the emergence of quantum theory just over a céglephone lines is sampled by means of a switch, the resulting
tury ago every model that has been developed for the lsgmples are sent over a trunk line and are decoded by a
drogen atom incorporates the same basic assumption. Feammilar switch at the receiving end before being sent on their
Niels Bohr through de Broglie and Sddinger up to and in- way. This allowed the trunk line to carry more telephone
cluding the Standard Model all such theories are based ortraftic without the expense of increasing the number of cables
assumption first put forward by John Nicholson. or individual lines. The question facing the engineers at the

Nicholson recognised that the units of Planck’s constaithe was to determine the minimum frequency at which the
are the same as those of angular momentum and so he ir@ming lines needed to be sampled in order that the tele-
soned that perhaps Planck’s constant was a measure ofpti@ne signal can be correctly reconstructed at the receiving
angular momentum of the orbiting electron. But Nicholscend.
went one step further and argued that Planck’s constant wasThe solution to this problem was arrived at independently
the fundamental unit or quantum of angular momentum abg a number of investigators, but is now largely credited to
therefore the angular momentum of the orbiting electréwo engineers. The so called Nyquist-Shannon sampling the-
could only take on values which were an integer multiple ofem is named after Harry Nyquist [2] and Claude Shan-
Planck’s constant. This allowed Bohr to develop a model ion [3] who were both working at Bell Labs at the time. The
which the energy levels of the hydrogen atom matched thakeorem states that in order to reproduce a signal with no loss
of the empirically developed Rydberg formula [1]. Wheof information, then the sampling frequency must be at least
the Bohr model was superseded Nicholson’s assumption waige the highest frequency of interest in the signal itself. The
simply carried forward unchallenged into these later modetheorem forms the basis of modern information theory and

Nicholson’s assumption however lacks any mathematidal range of applications extends well beyond transmission of
rigour. It simply takes one variable, angular momentum, aadalogue telephone calls, it underpins much of the digital rev-
asserts that if we allow it to have this characteristic quantizaution that has taken place in recent years.
tion then we get energy levels which appear to be correct. In What concerned Shannon and Nyquist was to sample a
so doing it fails to provide any sort of explanation as to justgnal and then to be able to reproduce that signal at some re-
why such a quantization should take place. mote location without any distortion, but a corollary to their

In the mid-20th century a branch of mathematics emergedrk is to ask what happens if the frequency of interest ex-
which straddles the boundary between continuous functidaads beyond this Shannon limit? In this condition, some-
and discrete solutions. It was developed by engineers at Bietles called under sampling, there are frequency components
Labs to address problems of capacity in the telephone rietthe sampled signal that extend beyond the Shannon limit
work. While at first site there appears to be little to conneahd maybe even beyond the sampling frequency itself.
problems of network capacity with electrons orbiting atomic A simple example can be used to illustrate the phe-
nuclei it is the application of these mathematical ideas whinobmenon. Suppose there is a cannon on top of a hill, some
holds the key to explaining quantization inside the atom. distance away is an observer equipped with a stopwatch.

In the 1930's and 40's telecommunications engineerbe job of the observer is to calculate the distance from his
were concerned to increase the capacity of the telephanerent location to the cannon. Sound travels in air at roughly
network. One of the ideas that surfaced was called TifB40 nys. So it is simply a matter of the observer looking for
Division Multiplexing. In this each of a number of incominghe flash as the cannon fires and timing the interval until he
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hears the bang. Multiplying the result by 340 will give thback from the observer to the cannon to drive the rate of fire
distance to the cannon in metres, let's call this distdbce  such that bang and flash are in sync, and suppose that this

This is fine if the cannon just fires a single shot, but sufeedback mechanism is such as to always force the condition
pose the cannon is rigged to fire at regular intervals;Tssgc- to apply to the nearest rate of fire which produces synchroni-
onds apart. For the sake of argument and to simplify thingstion.
let's makeT equal to 1. If the observer knows he is less than We now have a system which can cause a variable, in this
340 m from the cannon there is no problem. He just makesse the rate of fire of the gun, to take on a series of discrete
the measurement as before and calculates the dis@ntfe values even though, in theory at least, the rate of fire can vary
on the other hand he is free to move anywhere with no sntinuously. Equally important is that if the feedback mech-
striction placed on his distance to the cannon then therearssm is capable of syncing the system to the lowest such
a problem. There is no way that the observer knows whifrequency then all the multiples of this frequency are also so-
bang is associated with which flash, so he might be locatations, in other words if the base frequency is a solution then
at any one of a number of filerent discrete distances fronso are harmonics of the base frequency.
the cannon. Not just any old distance will do however. The This idea that there are multiple discrete solutions which
observer must be at a distance®for D + 340 orD + 680 are harmonics of a base frequency is an interesting one since
and so on, in generd& + 340n. The distance calculated as & couples the domains of the continuous and the discrete. Fur-
result of measuring the time interval between bang and flaebrmore what the example of the cannon shows us is that
is ambiguous. In fact there are an infinite number of discretrey system which produces results which are a harmonic se-
distances which could be the result of any particular meguence must involve some sort of sampling process. This
sured value. This phenomenon is known as aliasing. Tiecomes clear if we consider the Fourier representation of
term comes about because each actual distance is an aliaa fearmonic sequence. A harmonic sequence of the type de-
the measured distance. scribed consists of a number of discrete frequencies, spread-

Restricting the observer to be within 340 m of the caimg up the spectrum and spaced equally in the frequency do-
non is simply a way of imposing Shannon’s sampling limihain with each discrete frequency represented by a so called
and by removing this restriction we open up the possibility 8firac function. Taken together they form what is described
ambiguity in determining the position of the observer due & a Dirac comb, in this case in the frequency domain. The
aliasing. inverse Fourier transform of such a Dirac comb is itself an-

Let’s turn the problem around a little. If instead of measther Dirac comb, only this time in the time domain, and a
suring the distance to the cannon the position of the obseriétac comb in the time domain is a sampling signal [4].
is fixed. Once again to make things simpler, let's choose a This link between a Dirac comb in the frequency domain
distance of 340m. This time however we are able to adjastd a corresponding Dirac comb in the time domain means
the rate of fire of the cannon until the observer hears the bahat if ever we observe a set of harmonics in some natural
and sees the flash as occurring simultaneously. If the rateoafcess there must inevitably be some form of sampling pro-
fire is one shot per second then the time taken for the slowess taking place in the time domain and vice versa.
bang to reach the observer exactly matches the interval be-One such example, in which this relationship has seem-
tween shots and so the two events, the bang and the flashiragly been overlooked, is found in the structure of the hydro-
seen as being synchronous. Notice that the bang relates,geot atom.
to the current flash, but to the previous flash. By the beginning of the 20th century it was becoming

If the rate of fire is increased then at first, for a small irevident that the universe was composed of elements which
crement, the bang and the flash are no longer in sync. Thesre not smooth and continuous but were somehow lumpy
come back into sync however when the rate of fire is exactly granular in nature. Matter was made up of atoms, atoms
two shots per second, and again when the rate is three stimsnselves contained electrons and later it emerged that the
per second. If we had a fast enough machine gun this a@mic nucleus was itself composed of protons and neutrons.
guence would extend to infinity for a rate of fire which is an Perhaps even more surprising was that atoms could only
integer number of shots per second. Notice that now the bafigorb or emit energy at certain discrete levels. These energy
no longer relates to the previous flash, but to a previous flalgvels are characteristic of the atom species and form the ba-
It is interesting to note also that if the rate of fire is reducesis of modern spectroscopy. The issue facing the scientists
from once per second then the observer will never hear afdhe day was that this discrete behaviour is not associated
see the bang and the flash in sync with one another andnth the discrete nature of the structure of the atom; that can
once per second represents the minimum rate of fire whidsily be explained by asserting that any atom contains an in-
will lead to a synchronous bang and flash. In fact what ieger number of constituent particles. Where energy levels
have here is a system that has as its solutions a base frequareyoncerned, the quantizatiofieets involve some sort of
and an infinite set of harmonic frequencies. process that is taking place inside the atom.

Suppose now that there is some mechanism which feedsThe atom with the simplest structure is that of hydrogen,
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comprising a single proton surrounded by an orbiting electron It was widely accepted that the Bohr model contained
and work began to investigate its structure and to understantbstantial flaws. Not only did it throw up the quirky quan-
the mechanisms which gave it its characteristic propertiestum leap, but it took no account of special relativity, it failed

The first such theoretical model was proposed by Nidts explain why the electron orbit did not decay due to syn-
Bohr [5]. Bohr used simple classical mechanics to balance ttgotron radiation but most important of all it failed to explain
centrifugal force of the orbiting electron against the electrthe nature of the quantization of angular momerituriihe
static force pulling it towards the atomic nucleus. He need&tt is that the assumption that angular momentum is quan-
a second equation in order to solve for the radius and veltized lacks any mathematical rigour, the assumption is arbi-
ity of the orbiting electron and came upon the idea proposigary and expedient and fails to address the underlying ques-
by John Nicholson [6]. Nicholson reasoned that the units tidn as to why and how such quantization occurs but merely
Planck’s constant matched those of angular momentum asderts that if we make the assumption then the numbers seem
so he proposed that the angular momentum of the orbititacfit. Nevertheless, and despite this, the Bohr assumption has
electron could only take on values which were an integer mabntinued to be accepted and forms an integral part of every
tiple of was Planck’s constant. theory which has come along since.

Bohr's equations worked, but they threw up a strange |n a paper published in 1905 Einstein had shown that
anomaly. In Bohr's model each energy level is representgsht, which had hitherto been considered a wave, was in fact
by the orbiting electron having a specific orbit with its owg particle [7]. In an fort to explain quantization the French
particular orbital velocity and orbital radius. The reallyyathematician Louis de Broglie turned this idea on its head
strange thing was that in order to fit with the conservatighd suggested that perhaps the electron was not a particle
laws, transitions from one energy state to another had to t@g should be considered as a wave instead. He calculated
place instantly and in such a way that the electron movgf wavelength of the electron, dividing Planck’s constant by
from one orbit to another without ever occupying anywhefge electron’s linear momentum and found that when he did
in betWeen, a sort of discontinuity of position. This ab|l|ty tgo the orbita' path Of base energy state Contained one wave-
jump instantaneously across space was quickly dubbed [B1@yth; that of the second energy state contained two wave-

Quantum Leap in the popular media, a phrase which still hafgths and so on, in what appeared at first site to be a series
resonance today. of harmonics.

Bohr reasoned that On any other scale the wavelength of an object in orbit

1) is associated with the orbital path length or circumference of

| = muar, = Nk ; . -
o the orbit and can be derived as a result of dividing the an-
K@ m? gular momentum of the orbiting object by its linear momen-
e r—“ (2) tum. De Broglie instead chooses to associate the wavelength
n

of the particle with the value of Planck’s constant divided by
which means the linear momentum, while at the same time assuming that

o = K_q2 3) the angular momentum of the particle was an integer multi-
"7 nn ple of Planck’s constant. In choosing to substitute Planck’s
22 constant in this way instead of the angular momentum when

- ) calculating the wavelength, what de Broglie is doing is to co-
n 4) g 9 9 g
mK¢ erce the wavelength of the electron to be an integer fraction
wheremis the rest mass of the electraris the charge on the Of the orbital path length. Viewed in this light de Broglie’s
electronyr, is the orbital radius for the nth energy level,is contr!butlon can be seen as less of an insight and more of a
the orbital velocity for the nth energy leveljs the angular contrivance.
momentumK is the Coulomb force constarit,is Planck’s If you were to observe an object in orbit, say a moon or-
constant. biting Jupiter or the proverbial conkewnhirling on the end
Equation 1 represents Nicholson’s assumption that angfia string, what you see is a sine wave. The orbiting object
lar momentum can only take on values which are integer mul-
tiples of Planck’s constant.
Equation 2 balances the centrifugal force against the el C_*At first site it appears that the energy of the electron in the Bohr atom
trostatic f gecreases with increasing energy level. However since the radius changes
rostatic Qrce' ) . with energy level, the potential energy does also. When theseffect®are
Equation 3 shows that the orbital velocity decreases wittmbined, the energy levels increase with increasing energy level.

increasing energy level. TIn fact they are not harmonics of a single fundamental frequency, but

Equation 4 shows that the orbital radius increases as i éead each harmonic relates to &efient base frequency and these two
ects combine in such a way that they form a sub harmonic or inverse har-

square of the energy level and leads directly to the idea of figic sequence
Quantum Leap. A conker is a horse chestnut on a string often used in a children’s game
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subtends a wave to an external observer of the form: the equatiore = mc. The paper was based on a thought ex-
) periment and concerned the perception of time, distance and
d = Rsinwt) (5) mass as experienced by two observers, one a stationary ob-

server and one moving relative to the stationary observer at
. speeds approaching that of light.
d = Rsin(rFt). ) What Einstein showed is that time elapses more slowly
whered is the displacement about some mean for a moving observer, that distances measured by a moving
For such a body we can easily calculate the orbital radioigserver are foreshortened relative to those same distances
if we know the angular momentum and the linear momentumeasured by a stationary observer and that a stationary ob-
server’s perception of the mass of a moving object is that it
R= l - M, 7) has increased. All thredfects occur to the same extent and
p M are governed by a factgr(Gamma). The time between two
eyents observed by the stationary observer asttisgeen by
the moving observer as tinte = t/y. Similarly the distance
between two point measured by the stationary observer as dis-
1=27R. (8) tancedis seen by the moving observer as distabce d/y.
As far as the stationary observer is concerned the mass of the
This is true for all orbiting objects no matter whether thayoving object is seen to increase by this same fagtor
are the size of a planet or the size of a conker. Gamma is referred to as the Lorentz factor and is given
By what rational then does de Broglie identify the wavdsy the formula:
length of the orbiting electron, not with the angular momen-
tum in this way, but with Planck’s constant, which he be- y = ¢ - 1 )
lieves, according to Bohr's assumption, to be an integer frac- Ve2 — 2 \/1 _2
tion of the angular momentum? ¢
The alignment of wavelength with Planck’s constant in Both observers agree on their relative velocity but go
this way cannot be justified either mathematically or mechadsout calculating it in dferent ways. For the stationary
ically. It is a contrivance which leads to the idea that theredgserver the velocity of the moving observer is the distance
some sort of wavelength which is an integer fraction of the Qfayelled divided by the time taken as measured in his sta-

insight into the workings of the atom, but an artificial devicg..
which reinforces and sustains the Bohr assumption without d

any basis in mechanics. Tt (10)

Other later models, such as that of Satinger, are based  For the moving observer the distance as measured in his

directly on the work of de Broglie and therefore inherentlfyyn domain is foreshortened by the factor Gamma, but the

follow Bohr’s assumption, up to and including the currentijme taken to cover that distance reduced by the same factor
proposed Standard Model. Having been adopted by Bofigmma.

or

Furthermore we can identify the wavelength of such
wave with the orbital circumference which is simply.

(9)

later theorists simply continued with this working assumption D % d
and incorporated it into all subsequent models for the atom, v=ET =TT (11)
Y

without ever bothering to go back and justify it, until now
it has become an item of received wisdom and an article of There is a great deal of experimental evidence to support
faith. Einstein’s Special Theory. One of the more convincing exper-

The trouble with all of these models is that the assumipaents was carried out at CERN in 1977 and involved mea-
tion proposed by Nicholson and adopted by Bohr is not baseding the lifetimes of particles called muons in an apparatus
on finding any mechanism that leads to angular momentgailed the muon storage ring [9]. The muon is an atomic par-
being quantized in this way. The assumption was simply dicle which carries an electric charge, much like an electron,
pedient — it just happens to give the values for the absorptiamy more massive. It has a short lifetime of around 2.2 mi-
and emission spectra of the hydrogen atom which match thoseseconds before it decays into an electron and two neutri-
of the Rydberg formula. nos.

The year 1905 was an eventful one for Albert Einstein. In In the experiment muons are injected into a 14m diam-
that year, he not only published his paper on the discrete ter ring at a speed close to that of light, in fact at 99.94%
ture of the photon but he also published two further semiradl the speed of light where Gamma has a value of around
works as well as submitting his Ph.D. thesis. The most 29.33. The muons, which should normally live for 2.2 mi-
mous of his other papers concerned the dynamics of moviergseconds, were seen to have an average lifetime of 64.5 mi-
bodies [8]. This is the paper whose later editions containemseconds; that is the lifetime of the muon was increased
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by a factor Gamma. This comes about because the procefissisof these | have called the Actual Velocity and is sim-
which take place inside the muon and which eventually leply the distance around the orbit divided by the orbital period
to its decay are taking place in an environment which is moas measured by the stationary observer. The second veloc-
ing relative to us at 99.94% of the speed of light and in whidty term is the distance around the orbit as measured by the
time, relative to us, is running 29.33 times slower. Hence thwving observer divided by the orbital period as measured
muon, in its own domain, still has a lifetime of 2.2 microsedy the stationary observer. Such a velocity term straddles or
onds, it’s just that to us, who are not moving, this appears@siples the two domains, that of the orbiting object and that
64.5 microseconds. of the stationary observer and so could sensibly be called the
Travelling at almost the speed of light a muon wouldCoupling Velocity” or possibly the "Relativistic Velocity”.
normally be expected to cover a distance of 660 metssimple calculation shows that the Relativistic Velocity is
or roughly 7.5 times around the CERN ring during its 2.2lated to the Actual Velocity by the same factor Gamma an
microsecond lifetime, but in fact the muons travelled almdsence:
20,000 metres or 220 times around the ring. This is because VR = E — E -
distance in the domain of the muon is compressed so what t ty vy
we stationary observers see as being 20,000 metres the muoRhys far Relativistic Velocity is only a definition. How-

sees as being just 660 metres. ever there is one set of circumstances where such a velocity
Both parties agree that during its lifetime the muon comisym can indeed be justified and that is when dealing with the
pletes some 220 turns around the ring. We stationary @Rpations of motion relating to objects in orbit. It is consid-
servers see this as having taken place in some 64.5 microggg here to be meaningful to use this Relativistic Velocity
onds, corresponding to a frequency of 3.4 MHz, while thgrm when dealing with orbital velocities such as occur when
muon sees these 220 turns as having been completed indg&tulating angular momentum, centripetal and centrifugal
2.2 microseconds, corresponding to a frequency of 100 Migrce and acceleration.
Hence for the muon and indeed all objects orbiting at close to Nicholson had suggested that because Planck’s constant
light speed orbital frequency is multiplied by a factor Gamnigys the units of angular momentum that it was somehow as-
relative to that of a stationary observer and it is this multipksgciated with the angular momentum of the orbiting electron.
cation of orbital frequency which holds the key to the discretgare we take up that idea and suggest that the angular mo-
energy levels of the atom. mentum of the orbiting electron is equal to Planck’s constant,
As well as this éfect on orbital frequency the muon ringyyt reject his other idea that angular momentum is quantized.
experiment serves to show that considerations of special {gktead we assume that orbital velocity iBeated by rela-

ativity can be applied to objects in orbit, this despite the fagjity and use this to derive the equations of motion of the
that object in orbit are subject to a constant acceleration ghiting electron.

wards the orbital centre. However where the orbital velocity pjanck’s constant is then seen, not as a fundamental quan-

is constant, it is reasonable and correct to apply considaggn of angular momentum but instead as providing a limiting
tions of special relativity around the orbital path. Ifieet ya|ye for angular momentum. Th&ect would not be signifi-
what we are doing is to resolve the orbital velocity into tweant at low velocities, but if the electron orbiting the hydrogen
components, one tangential component which has a consgagin were to do so at close to light speed then:
velocity and one radial where there is a constant acceleration.

We have seen that speed is invariant with respect to rel- c
ativity. Both the moving object and the stationary observer I'=n=(my)r (;) : (13)
agree on their relative speed. This invariance of speed is cen-
tral to the derivation of special relativity and so is deemed tdherel is the angular momenturn,is Planck’s constantis
be axiomatic. There is however one circumstance where ithi® mass of the electronjs the orbital radius of the electron,
reasonable to suggest that this need not be the case. For astathe orbital velocity of the electron and is very closeto
tionary observer we normally require the use of two clocksihe speed of light.
order to measure velocity; one at the point of departure and Both the mass term and the velocity term afieeted by
one at the point of arrival (at least conceptually). An objertlativity. The mass term because mass increases by factor
which is in orbit however returns once per cycle to its point @amma as the object’s velocity approaches the speed of light
departure and so we can measure the orbital period of suclaad in this case the velocity term iffected because we are
object with a single clock provided we do so over a compledealing with an object in orbit and it is therefore appropriate

orbit.
. . e . . tic distance divided by the relativistic time and the actual distance divided
Thus for an object in orbit it is possible to define two Veo'y the relativistic time. The first of these is the invariant velocity discussed

locity terms relating to the tangential or orbital velocitfhe  earlier. As a stationary observer we do not have any direct access to the mov-
ing clock and so these velocities can only be described mathematically and
*“In fact it is possible to define a further two velocity terms, the relativiggppear to have no physical significance.

(12)
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to use Relativistic Velocity which is the Actual Velocity di- From this and Equation 9 we can easily calculate the cor-
vided by Gamma. However since we are concerned here wigBponding orbital velocity and frequency as measured by the
an orbital velocity very close to the speed of light, to a firstationary observer.

approximation we can substitutdfor ¢ in Equation 13.

g - V1— a2 = 0.999973371 (19)
|=h:(my)r(9). (14)
Y The orbital velocity turns out to be @973% of the speed

The two Gamma terms will cancel. The terms for rest ma ,Iigh.t ¢, thus vindicating the ﬁTSt approximation made.in
Planck’s constant and the speed of light are all consta g'uatlon 14 and the frequency (in the domain of the station-

which must therefore mean that the orbital radius is alsé'® observer)
constant 0 w1 = = = 7.76324511x 102 (20)
R= —. (15) TR :

mc

This not unfamiliar term is known as the Reduced Comp- The physicist Richard Feynman [10] once said of Alpha
ton Wavelength although here it takes on a new and spe&t ] ] _
significance as the characteristic radius at which an electron It has been a mystery ever since it was discovered more
will orbit at or near light speed. This serves to explain why tigan fifty years ago, and all good theoretical physicists put
orbiting electron does not emit synchrotron radiation. It do#¥S number up on their wall and worry about it. Immediately
not do so because it is not driven to orbit the atomic nucleY@U would like to know where this number forcaupling
by virtue of being accelerated by forces towards the orbifdmes from: is it related to pi or perhaps to the base of natu-
centre in the normal way, instead it is constrained to orbit/@ l0garithms? Nobody knows. It's one of the greatest damn
this radius by the limiting #ect of Planck’s constant. It is agnysteries of physics: a magic number that comes to us with
if the electron is orbiting on a very hard surface from which 0 understanding by man. You might say the "hand of God"
cannot depart and which it cannot penetrate. Equation 15 a4gt€ that number, and "we don't know how He pushed his
means that there is no need to introduce the idea of a quanRRCil” We know what kind of a dance to do experimentally
leap or later equivalents. If the electron is constrained to §-measure this number very accurately, but we don’t know
ways orbit at a fixed radius, then changes in energy level h¥(@at kind of dance to do on the computer to make this num-
to take place as a result of changes in orbital velocity, wi¢" cOme out, without putting it in secretly!”
no accompanying change of radius. Indeed this idea that theEquation 18 &ectively solves the mystery, providing an
electron orbits at constant radius is a necessary condition§gPlanation for the physical significance of the Fine Structure
the electron to be considered objectively real. Constant. It is seen simply as the ratio of two velocities, the

Substituting Relativistic Velocity into the force balanc&elativistic Velocity and the Actual Velocity of the orbiting
equation that Bohr himself used, but at an orbital velocif€ctron. Since these two velocities share the same orbital pe-

very close to that of light yields another interesting result "10d, itcan also be seen as the ratio of two orbital path lengths,
the one traversed at non-relativistic speeds to that traversed
K2 (my)(c 2 by the orbiting electron at near light speed. The Fine Struc-
el (—) . (16) ture Constant is seen to be dynamic in nature. Its value relies
on the fact that the electron is in motion, orbiting at near light
Which combines with Equation 15 and simplifies to give: speed; it does so at a speed that is necessary to maintain struc-
tural equilibrium within the hydrogen atom, since itis only by
Kag? 1 17 travelling at this speed that the structural integrity of the atom
ey (17 can be maintained. In the world of the atom, where there is no
friction and in the absence of any sort of external input, the
Readers may be familiar with the term on the left of thiggtom remains stable and, unless disturbed in some way, the
equation which is known as the Fine Structure Constant oftgBctron will continue in this state indefinitely. In this sense it
written asa (Alpha). So for the base energy state of the atogfines the speed at which the electron has to travel in order

to achieve a stable orbit.

hc r\y

v = 1 . (18) So far we have only considered the lowest or base energy
@ state of the atom. We have seen that one of fffieces of
« has a value of 2973525698 10-3 relativity is to multiply frequency in the domain of a mov-

ing object by Gamma. The frequency in the domain of the

*Once again since the orbital velocity is very close to the speed of light My emphasis — the term Coupling Velocity resonates with the idea of
we can, to a first approximation, substitute ¢ as the Actual Velocity Alpha as a coupling constant.
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electron which corresponds to this stable state is simply cabjectively real and that the laws of physics are the same in-
culated by multiplying by Gamma — equivalent to dividinglependent of scale then it is necessary to question our current

by Alpha — to give. understanding of the laws of physics. They must be deficient
in some way and it is necessary to find a way in which the
Q=2 = 106378925« 10%. (21) laws must be modified to describe the atom but which does

Y not afect our understanding on all other scales.

But just as was the case with the observer and the cannon ifThe idea of relativistic velocity postulated here does just

there is a frequenc® at which the atom is stable then frelhat. It provides a model for the structure and dynamics of

quencies ohQ must also be stable for ail = integer which the hydrogen atom which is consistent with particles which
in turn means that there are stable states for all are objectively real. At the same time it does what all pre-

vious models have failed to do and provides a mechanism to
Yo = n (22) explain exactly why the energy levels of the atom are quan-
x tized without the need of resorting to arbitrary assumptions.
and so Th(_e idea of a R_ela_tivistic Velocity or (_unpling Velocity, a ve-
h locity term which is #ected by relativity, solves all of the
fn=R= me (23) problems that faced Niels Bohr with his model and produces
a model for the hydrogen atom which matches the emission
o 7 — a2 and absorption spectra of the atom.
i = - (24) Here quantization takes place with respect to the variable
Gamma as the orbital velocity of the electron gets ever closer
Equation 23 shows that the orbital radius remains thethe speed of light with increasing energy level, and not with
same for all energy |eve|S, while Equation 24 describes th?spect to angu|ar momentum as postu|ated by Bohr. Angu_
orbital velocity for the nth energy stateTable 1 shows the |ar momentum for the orbiting electron remains substantially
resulting orbital velocities for the first 13 energy states ag@nstant and equal to Planck’s constant over all of its energy
the theoretically infinite state of the hydrogen atom and els as the orbital velocity varies from 99.99733%cdbr
you might expect they match the absorption and emissigf base energy state upwards as energy levels increase, al-
spectra of the hydrogen atom perfectly. though never quite achieving the theoretical limit of 100%,
During the 1930’s and 40’s Einstein and Bohr disagre@hile Gamma is constrained to take on values which are inte-
over the nature of reality, with Bohr arguing that the laws gfer multiples of a base value, that value being the reciprocal
physics were dferent on the scale of the atom and that @§ the Fine Structure Constant. Planck’s constant takes on a
a consequence reality becomes subjective in nature. Pajély and special significance, not as the quantum of angular
cles are not considered to discrete point particles in the clasomentum of the existing models, but as a lower limit for
sical sense, but instead are considered to be nebulous wawgular momentum below which it cannot exist.
particles which manifest themselves as either particles or asThe orbital radius of the electron remains substantially
waves when subjected to some sort of observing process. Etshstant irrespective of the energy level of the atom, a neces-
stein on the other hand took the view that reality had to Bgry condition for an objectively real electron, and so transi-
objective and that particles must therefore be discrete paighs from one energy state to another take place without the
particles having deterministic position and velocity. need to introduce the idea of discontinuity of position, inher-
In the end the debate was largely resolved by defawdht in the Bohr model, or its equivalent probability density
Bohr simply outlived Einstein and so his ideas prevailed afghctions and wave particle duality found in other more re-
form the basis of today’s Standard Model. Einstein is nowgent models. Such transitions are easily explained as simple
days often described as being an old man, set in his ways @Agélnges in the orbital velocity of the electron over a dynamic
unable to accept the new ways of thinking. But this is to migange which lies very close to the speed of light. With no
construe Einstein’s position, which was one of principle.  changes in orbital radius, changes in energy level involve no
Einstein had argued that the laws of physics are the saghginge in potential energy, only the kinetic energy of the or-
for all reference frames, while Bohr reasoned that the laping electron changes between energy states.
of physics are dierent on the scale of the atom. Einstein Thus the morphology of the atom remains substantially
was concerned with reference frames of comparable scale thefltered for all energy levels. This is consistent with the
were in motion with respect to one another but it is logical tom having the same physical and chemical properties irre-
extend his idea to reference frames dfeting scales. If we spective of energy level. The Bohr model, and indeed the
start from this position and pursue the idea that particles gtandard model, would have us believe that the morphology

“Notice that since the orbital radius remains substantially the same %crthe atom Changes SUbStantla”y with energy level, with the

all energy levels, there is no change in potential energy between the vari@lRital radi_us increasing_as the square of the energy level with
different energy levels, only a change in kinetic energy. no theoretical upper limit. Such changes anédlilt to rec-

and
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n vn/C 1/vn Energy eV AEnergy eV
1] 0.999973371 0.007297559 7.76324511E20 | 255485.925| 13.607
2 | 0.999993343 0.003648853 7.76340016E20 | 255496.130, 3.402
3| 0.999997041 0.002432577| 7.76342887E20 | 255498.020, 1.512
4 | 0.999998336| 0.001824435 7.76343892E20 | 255498.682 0.850
5] 0.999998935 0.001459549 7.76344357E20 | 255498.988| 0.544
6 | 0.999999260 0.001216291 7.76344610E20 | 255499.154| 0.378
7 | 0.999999457| 0.001042536) 7.76344762E20 | 255499.255| 0.278
8 | 0.999999584 0.000912219 7.76344861E20 | 255499.320, 0.213
9 | 0.999999671 0.000810861 7.76344929E20 | 255499.364| 0.168
10 | 0.999999734 0.000729775 7.76344977E20 | 255499.396] 0.136
11| 0.999999780 0.000663432 7.76345013E20 | 255499.420| 0.112
12 | 0.999999815 0.000608146 7.76345040E20 | 255499.438| 0.094
13| 0.999999842 0.000561366, 7.76345061E20 | 255499.452| 0.081
oo | 1.000000000] 0.000000000 7.76345184E20 | 255499.532| 0.000

Table 1:

oncile with an atom whao'’s physical and chemical properti¢ésns exists for all scales and throughout the universe.

remain the same for all energy levels. Finally it provides a simple mechanical explanation for
The model explains all of the shortcomings found in ththe existence and the value of the hitherto mysterious Fine

Bohr model, the absence of orbital decay due to synchroti®mucture Constant.

radiation and the need for a quantum leap. Bohr had ignored

the dfects of special relativity on the energy levels of thRppendix 1 Derivation of Centripetal Acceleration under

atom, even though they should have been small but signiéitativistic conditions

cant at the velocities predicted by his model. Here they are . ) o o
fully integrated into the model. The idea that orbital velocity isEected by relativity is central

The model sheds a new light on the nature of the walfthe theory presented here, so it is perhaps worthwhile ex-
particle duality. The electron is seen as a point particle in tAB1NING this idea in a little more detail. Before doing so how-
classical sense, having deterministic position and velacit§Ver it is necessary to restate that the use of Special Relativity
Electrons are thus objectively real. The electron has wal@dealing with objects which have constant orbital velocity is
like properties, but these derive from the orbital motion of &ftirely appropriate, this despite the fact that such objects are
objectively real particle. The waves are seen as the projétPiect to acceleration. The velocity of an object which is in
tion of the circular orbit of the objectively real electron ont8"™Pit can be considered as having two components, a tangen-
an external observer, in much the same way that we can {@-component and a radial component. For constant orbital
scribe the orbit of the moons of distant planets as havin&lOcity. the tangential component is itself constant and there-
wavelike nature. There is no need to invent the ether or wi2i€ €an be dealt with using Special Relativity whidfeats
has more recently passed for the ether, the so called fabrid§ fime and distance measured along the orbital path. Direct
space time, as a medium in which these waves exist. In th&}idence to support this comes in the form of the Muon ring
nal analysis where vacuum contains absolutely nothing, thEt@€riment described earlier. .
is nothing to wave except the particle and that is precisely Such an orbiting object is subject to constant acceleration
what the model provides. towards the orbital centre and it is this acceleration which in

The introduction of Relativistic Velocity has another mefect maintains the circular path. Conventional wisdom has
jor implication. It extends the laws of physics down to ththat this centripetal acceleration is ndfected by relativity,
scale of the atom and possibly beyond. With its introducti§#Ce it acts in a direction which is normal to the velocity of
the same set of physical laws extends from a scale of appri}e object. Here it is argued that this cannot be the case since
imately 102° m to 1° m thus doing away with the notionthe distances involved in calculating centripetal acceleration
that a diferent set of physical law applies on the scale of tierive directly from the distances travelled around the orbital

atom. It is quite likely therefore that a single set of physicBAth and that these distances are themselffested by rel-
ativity. It can then be shown that this is equivalent to substi-

*This 'is ngt to say that uncertainty does not exist, it does, but it is set‘iﬁilr\g Relativistic Velocity in place of Actual Velocity in the
as a practical issue of measurement when the scale of the measurement tools

0 - . .
is similar to that of the measured object and not as being an intrinsic propé%?nqard f_ormUIa for calculgtlng Cen_t”petal accel?ratlon'
of the particle. Einstein showed that objects which are travelling at close

48 Norman Graves. Sampling the Hydrogen Atom



January, 2013 PROGRESS IN PHYSICS Volume 1

to light speed areftected in three ways, time in the domaipath length is just a little less than the equatorial path length,
of the moving observer advances at a slower rate than it daesund 99%.
for a stationary observer, distance for the moving object is
foreshortened in the direction of travel relative to that same

distance as measured by the stationary observer. The mass of

a moving object appears increased as far as the stationary ob- .
server is concerned. All thredfects occur to the same extent isas AN
by the factor Gammay. Gamma is named after the Dutch < /
physicist Hendrik Antoon Lorentz (1853 — 1928). Gamma
is given by the formula B

y= (25) ¥

Examination of the #ect of relativity on an object mov- Fig. 2:

ing at close to the speed of light however reveals that both

time and distance are scaled by a factgy &nd so from In Figure 3 the orbital velocity is approximately 80% of
Equation 25 the speed of light and so the orbital path length as seen by

the moving object is approximately 60% that for an object
—=4/1-=. (26) moving at non-relativistic speed

It can be seen that this is the equation of a circle, more
specifically a quadrant of a unit circle, sineé constrained
to lie between 0 and as shown in Figure 1.

i

v=995%c «C
1 Fig. 3:

In Figure 4 the orbital velocity is around 98% of the speed
of light and the corresponding orbital path length is approxi-
mately 20% of that for non-relativistic motion.

1%

Fig. 1: 3
=
If the object under consideration is in circular orbit, then

this quadrant can be superimposed on the orbital path to form
a hemisphere. Objects orbiting at non-relativistic speeds see
the path length around the orbit as being equal in length to
the equator, while objects orbiting at higher speeds follow a
path length described by a line of latitude on the hemisphere.
An object orbiting at the theoretical maximum speed of light
would then be pirouetting at the pole. We can consider the
length of the orbital path as being represented by the line Fig. 4:
of latitude formed by a slicing plane which cuts through the
hemisphere parallel to the equatorial plane. In Figure this is This hemispheric model of the motion of an orbiting ob-
at approximately 15% of the speed of ligheind so the orbital ject is useful because it allows us to visualise the orbital path
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length as being foreshortened by relativity while at the same
time the radius of the orbit is uffected by relativity. The or-
bital geometry is non-Euclidean and in reality all takes place
in just one plane. The introduction of this third dimension is
just a device to allow us to visualise what is going on. The
orbiting object sees the distance it travels around one orbit as
being reduced by a factor Gamma, but nevertheless sees the
orbital radius as being uffacted by relativity since this is at
right angles to the direction of travel. Thus we can represent
the radius of the orbit as being the distance from a point on
the relativistic orbit to the centre of the hemisphere.

The term Actual Velocity has been adopted to describe the
velocity of the orbiting object as seen by a stationary observer.
This is easily calculated as the circumference of the orbital
path, the equator of the hemisphed divided by the orbital
period ), both measured by the stationary observer.

The theory postulates that there is a velocity term which
is affected by Gamma. This is termed the Relativistic Velogipetal acceleration it is also useful to derive an expression
ity, but only becomes significant when the Actual Velocitjor the relativistic case from first principles.
is close to the speed of light. This velocity term can be cal- The formula for centripetal force was first derived by
culated by taking the foreshortened distance around the |mistian Huygens in 1659 and describes a constant force
of latitude, which represents the orbital path as seen by Hing on a body in circular motion towards the centre of
moving observer, divided by the orbital period as measurg circle. When combined with Newton's second law this
by a stationary observer. The foreshortened distance arougds to the idea that a body in circular motion is subject to
the orbit is calculated ad/y and the orbital period remainsa constant acceleration towards the centre called centripetal
the same as for Actual Velocity)(and hence this Relativisticgcceleration.

Velocity is then easily calculated ag = d/ty. It is customary when deriving the formula for centripetal

We can use this term directly in calculating the angulggceleration to use velocity vectors directly. Here we take
momentum of the orbiting object. This is simply a restatg-s|ightly diferent approach and use the distance vectors in-
ment of the argument used earlier. Angular momentum is §}@ad. This is because in the proposed theory only the dis-
prOdUCt of the mass, the Velocity and the radius of an Orbitifw']ce Component of Velocity igfected by re|ativity and not
point object. However the mass of the object fiieeted by the time component. In other respects the derivation is the
relativity, appearing to increase the mass by a factor Gamggne as that found in many standard texts.

(v) and so: Consider an object in orbit around a point C at radius R.
| = (my)r (”_R) ) (27) Ataparticularinstantthe object is at point A and some short
Y interval of time latert it is at point P, having moved through
However since for Gamma to take on a significant valge an angle subtended at the centre of the circladf
must be very close to, the speed of light and so we can sub- The vector representing the distance moved in tixhés
stitutec for vg. Also since the angular momentum of an ele@B and has lengtl and is tangential to the circle, hence CAB
tron in orbit around an atomic nucleus is given by Planck$a right angle. At + At the object is at P and has a distance
constant we can substitute this fan Equation 27 to give: ~ vector PQ, also of lengtd. We can translate the vector PQ
to A forming AD. The vector BD then represents the distance
| =% =mcr. (28) moved towards the centre of the circle in time Note that

. o o _ for asA6 tends to O the line BD tends to a straight line.
In effect we are simply substituting Relativistic Velocity then

for Actual Velocity in the standard textbook formula for cal-

culating angular momentum. This is recognising that the or-

bital velocity is the distance around the orbit as measured by Since APC and ABD are similar triangles (for smatl)

the moving object divided by the orbital period as measured

by a stationary observer. e=dAg (30)
We can of course use this same argument to substitute

Relativistic Velocity for Actual Velocity in the formula for and the acceleration towards the centre of the circle is

centripetal acceleration and hence derive expressions for cen- e

tripetal and centrifugal forces. However in the case of cen- a= A (31)

Fig. 5:

d = RAG. (29)
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Foreshortened re lativistic
orbital path

B'D=E

/’:ﬁ.‘

\
Non relativistic orbital path

Fig. 6:

Therefore , Fig. 7:
RA#
= (32)

=—.
o At _ path while the radii are shown dotted to indicate that they are

Multiplying both top and bottom bR gives not to scale in this representation.

The distance travelled during tinad is foreshortened by

2
- Rzﬂ ] (33) relativity, instead of travelling a distance AB the object only
RAt? travels a distance ABD in Figure 7.

But since

d RAd (34) D =RA¢. (38)

V= — = —.

At At Once again the triangles CAB’ and AB'D’ are similar
Then ) and so the distance travelled towards the centre of the orbit E

a=2=. (35) is

R E = DA®. (39)

When we take into consideration th@exts of special rel- : ) e, s -
ativity, the situation becomes a little more complicated. Al- Once again the triangles CAB’ and AB'D’ are similar
though the orbital path is foreshortened, as representedfaﬂ)(?i so the distance travelled towards the centre of the orbit E
the line of latitude in Figure 6, and hence the circumferente E
of this circle is reduced by a factor Gamma, the radius of A= R (40)
the circle is not #ected and remains the same as that for the . = .
equatorial orbital path. Which is also RA¢?

Figure 6 attempts to show this by introducing a third di- = e
mension and using the hemispherical representation devel- _ )
oped above. In reality however the radius and the orbital path A9&in we can multiply both denominator and numerator
are co-planar. It can be seen from Figure 6 that the anglR 0 give

(41)

subtended by a short segment of the circumference is less for A= ReAg? ) (42)
the relativistic path than for the non-relativistic path. From RAt?
Figure 6 it is evident that Which gives
REAG?
A= —— 43
ag =20 (36) RAt2y? “3
Y
and so )
and v
A= —. (44)
RA 2
RA¢ = 79 . 37) Ry

Equation 44 represents a more general case for calculat-
Figure 7 shows the foreshortened orbital path in plamg centripetal acceleration. When the orbital velocity is low,
view. The dashed circle represents the non-relativistic orbitedder non-relativistic conditions, the value of Gamma is unity
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and the formula can be simplified to the more familiar one The numerical value fot* is 7.297352569& 10-3. Sub-
shown in Equation 35. fEectively therefore the formula for stituting this and calculating the three roots gives:
centripetal acceleration under relativity substitutes Relativis- y = 137.028700944403
tic Velocity for Actual Velocity in the standard textbook for- y = -0.996384222264
mula. v =1.0036823521665

It is the geometry of the triangle AB’D’ which lies at the  Only the first of these three values is significant. This cu-
heart of the argument. Here it is argued that the length B’Bic equation gives a more precise value for Gamma. By rec-
is afected by relativity even though it is measured in a ddgnizing thab is very close ta in the force balance equation
rection at right angles to the direction of travel. This comése value of Gamma can be calculated as:
about because the lengths of the two sides AB’ and AD’ are Substituting in the equation forgives a value fob:
both themselvesfiected by relativity and the triangle must
have geometric integrity and so B’D’ must also be scaled by _ y-1_
relativity. If it was not then the triangle AB’D’ would be a v=e 7~ = 099997337t (50)
very strange triangle indeed. It would have to be an isosceles . _ : :
triangle in which the third side could be longer than the sum ° is the Actual Velocity of the electron around its orbit and

of the two other sides. The direction of the vectors AB’ arfeP® 2" be seen it is very closedothe velocity of light, be-

AD’ could not be preserved. Even in non-Euclidian geoml@-g some 99973371% ok, which is in agreement with the

try such a triangle would not be possible and so B'D’ must Q&ethod of first approximation to the first 8 significant figures.

scaled by Gamma. _ Appendix 3 The Rydberg Formula
The measurement of time on the other hand can only take

place in the domain of the observer, so the moving obserd@s€ph Jakob Balmer (1825-1898) was a Swiss mathemati-
sees his time in his own domain and the stationary obsergin and numerologist who, after his studies in Germany, took
sees time in his domain. The two domains are related by a f4B-& POSt teaching mathematics at a girls’ school in Basel. A
tor Gamma, but from the point of view of direct measureme?f?"eague in Basel sugges_ted that he t_ake alook at the_spectral
this is a theoretical connection. In other words the stationafyeS Of hydrogen to see if he could find a mathematical re-
observer has no direct access to the moving clock and, Vi&#onship between them. Eventually Balmer did find a com-

. . — 7 H H
versa, the moving observer has no direct access to the staiBAn factof h = 3.6456x 10~" which led him to a formula
for the wavelength of the various spectral lines.

ary clock.

. . . hn?
Appendix 2 An Analytical Method for calculating Actual A= = (51)
Velocity -4

A more analytical approach for calculating the value for g\/herem IS an integer with value 3 or higher.
y PP 9 Balmer originally matched his formula fon = 3,4,5,6

can be found ywthout the first approximation used above: and based on this he predicted an absorption linerfer 7.
The equation for the value of gamma ; :
Balmer’s seventh line was subsequently found to match a new

_ 1 (45) line in the hydrogen spectrum that had been discovered by
r= -2 Angstom.
s Balmer’s formula dealt with a particular set of spectral
From which lines in the hydrogen atom and was later found to be a special
y2-1 case of a more general result which was formulated by the
v=_eC 2 (46) Swedish physicist Johannes Rydberg.
Substituting this into the force balance equation gives 1 = Ry (iz _ iz] ’ (52)
A
m?(y2 - 1) _ Ke? a7 _ mo o
T TR wherea is the wavelength of the spectral lirg, is the Ryd-
. o ) berg constant for hydrogen; andn; are integers anid; < ns.
Recognising that = myRcand simplifying gives By settingn; to 1 and allowingn, to take on values of
Y2-1 Ko 2,3,4... the lines take in a series of values known as the
13 = The (48) Lyman series. Balmer’s series is obtained by setting: 2

. L . and allowingn, to take on values of,3,5...c. Similarly
The term on the right hand side is the Fine Structure Cqg; gther values ofi, series of spectral lines have been named

stant which is denoted by. Substituting and rearranging, c..ording to the person who first discovered them and so:
gives the following equation foy.

*CODATA - httpy/physics.nist.gokgi-birycuyValue?alph
oy’ —y?+1=0. (49) h here is not to be confused with Planck’s constant.
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n Series We saw earlier that gamma could be expressed in terms

1 2...c0 Lyman series of ¢, the velocity of light andv, the Actual Velocity using

2 3. . . Balmerseries Einstein’s equation for special relativity and that= nyq

3 4...c0 Paschen series c (57)

4 5...c0 Brackett series =T

5 6...c0 Pfund series ¢~

6 7...c0 Humireys series This is easily rearranged to give an expressiorcfor v?

i i ¢-i2-C 58
Other series beyond these do exist, but they are not ~Un = 7% (58)

named.

By substituting diferent values foR, it was found that ~ In the base energy state= 0 andyo = 1/a
Rydberg’s formula worked for all so calledydrogeni¢
atoms. c? - v(z) = a? (59)

The value ofRy can be fOU”F’, by conS|derlng the case Hence the maximum energy potential for the atom is
wheren; = 1 andn, = o, a condition which represents the
maximum possible change in energy level within the hydro- 1 242
gen atom.Ry is then the wavelength of the absorption line & = 2 MoCa”.
associated with such an energy change and was calculated toS bstituti ical val f da ai th
oy ot o " 91 e

This was subsequently found to be given by the formuI%;) — £1800983% 108 Joules

or
(53) e, =136071¢eV.
The energy potential for any arbitrary energy lewebk

The highest possible energy level for the atom occl@en by

(60)

1 moco’?

Ry =
H™ 4 n

when n, the energy level, equals the theoretical value of _ }moczaz 61)
infinity. The corresponding value for the Actual Velocity m=2 n
would then bet, the speed of light. Hence the dference between any two energy lewvend
The equation for the energy of an orbiting body of massis
m V\_/|th veI90|tyu is easily obtained in any standard text and e = = MoC2a? (_2 _ _) _ (62)
is given by: 2 2 m
e= 1 mo2 . (54) and the diference in orbital frequency is
2
. " . Imece® (1 1
If we assume that the electron is orbiting at near light Wpm = = — [ = — — 63
: : M7 2 g 2 e (63)
speed then the maximum possible enérglyan electron or- n

biting the hydrogen nucleus where the orbital velocity has a This can be expressed in terms of wavelength, similar to

theoretical value o€, the speed of light and the mass of thﬁ1e Rydberg formula, by dividing both sides by @ give
electron ismg is ’

1 1 1mec?(1 1
e= = myc®. (55) - -0 (= _ = 64
2 Ao 4 B \M@ P (64)
The energy potential for a hydrogen atom in any arbitra{&\(1 d
energy stata is the diference between this maximum energy 1 myca?
value and the energy of theh state Ri= o — (65)
1 1 1 i : :
6 = 5 rTbCZ -3 mﬂ)ﬁ _ 5 mo(c2 B vﬁ) . (56) Submitted on: October 8, 20¥2Accepted on: October 11, 2012
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The Elastodynamics of the Spacetime Continuum
as a Framework for Strained Spacetime

Pierre A. Millette
University of Ottawa (alumnus), K4A 2C3 747, Ottawa, Canada. E-mail: PierreAMillette@alumni.uottawa.ca

We derive the elastodynamics of the spacetime continuum by applying continuum me-
chanical results to strained spacetime. Based on this model, a stress-strain relation is
derived for the spacetime continuum. From the kinematic relations and the equilibrium
dynamic equation of the spacetime continuum, we derive a series of wave equations: the
displacement, dilatational, rotational and strain wave equations. Hence energy propa-
gates in the spacetime continuum as wave-like deformations which can be decomposed
into dilatations and distortions. Dilatations involve an invariant change in volume of
the spacetime continuum which is the source of the associated rest-mass energy density
of the deformation, while distortions correspond to a change of shape of the space-
time continuum without a change in volume and are thus massless. The deformations
propagate in the continuum by longitudinal and transverse wave displacements. This is
somewhat reminiscent of wave-particle duality, with the transverse mode correspond-
ing to the wave aspects and the longitudinal mode corresponding to the particle aspects.
A continuity equation for deformations of the spacetime continuum is derived, where
the gradient of the massive volume dilatation acts as a source term. The nature of the
spacetime continuum volume force and the inhomogeneous wave equations need further
investigation.

1 Introduction An infinitesimal element of the unstrained continuum is

Strained spacetime has been explored recently by Millette E?nﬁ racterized by a four-vectaf', wherey = 0,1,2,3. The

. . L e coordinate is® = ct.
from a continuum mechanical and general relativistic per- : . .
. . : : A deformationof the spacetime continuum corresponds
spective, and by Tartagliet al in the cosmological context, . S
: . : . to a state of th&sTCin which its infinitesimal elements are
as an extension of the spacetime Lagrangian, to obtain a

eralized Einstein equation [2, 3] g(ﬁrs]blaced from their unstrained position. Under deformation,
a o the infinitesimal element is displaced to a new positio#i +

moQZnstzﬁstntr?sEt]ént:oer raepsrﬂ:'?i(:] g::zisseii IL%”; tzsezrr;]eer I wherew is the displacement of the infinitesimal element
P 4Pk its unstrained positior-.

tinuum. The presence of strains as a result of applied stresse he spacetime continuum is approximated by a deforma-

is an expected continuum mechanical result. The strainslSF- linear elastic medium that obeys Hooke's law. For a gen-
sult in a deformation of the continuum which can be modelﬁfge

: . . al anisotropic continuum in four dimensions [4, see pp. 50—
as a change in the underlying geometry of the continuum. P [ PP
geometry of the spacetime continuum of General Relativity™’ EwoB,  _ Twv (1)
resulting from the energy-momentum stress tensor can thus ) ) w7

- . v
be seen as a representation of the deformation of the spA¢aeresas is the stre:;n. tensoT*”" is the energy-momentum
. . . . Va
time continuum resulting from the strains generated by tR&€SS tensor, ari”*” is the elastic moduli tensor. .
energy-momentum stress tensor. The spacetime continuum is further assumed to be isotro-
In this paper, we examine in greater details the elasto ic and homogeneous. This assumption is in agreement with

namics of the spacetime continuum as a framework for d8& conservation laws of energy-momentum and angular mo-
scribing strained spacetime. mentum as expressed by Noether’s theorem [5, see pp. 23—

30]. For an isotropic medium, the elastic moduli tensor sim-
plifies to [4]:

uvef _ v _af a VB B va
2.1 Model of the Elastodynamics of the Spacetime Con- B = 20(g™9™) + 1olg™ g™ + 9%9™) (2)
tinuum wherely andyg are the Larg elastic constants of the space-

. . . . time continuum. wq is the shear modulus (the resistance of
The spacetime continuurBTQ is modelled as a four-dimen- ) ) : . .
P 19 the continuum talistortiong and g is expressed in terms of

ional diferentiable manifold endowed with a metyig,. | : . ;
slona d ere tiable manifold endowed wit a etyg. It o, the bulk modulus (the resistance of the continuundito
is a continuum that can undergo deformations and supqa{t

the propagation of such deformations. A continuum that |satlons according to
deformed is strained. Ao = ko — pto/2 3

2 Elastodynamics of the Spacetime Continuum
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in a four-dimensional continuum. Ailatation corresponds Decomposition into Distortions and Dilatations
to a change of volume of the spacetime continuum without a _ _
change of shape while distortion corresponds to a change ~As also shown in [1], when the strain teng#t and the

of shape of the spacetime continuum without a change in vBergy-momentum stress tensét” are decomposed into a
ume. deviation tensor (thdistortion) and a scalar (thdilatation),

the strain-stress relation then becomes separated into dilata-
2.2 Stress-Strain Relation of the Spacetime Continuum tion and distortion relations:

Substituting Eq.(2) into Eq.(1), we obtain the stress-strain re- dilatation :t = 2(ug + 24g)€ = 4ko€ = ko€
lation for an isotropic and homogeneous spacetime contin- (11)
uum distortion :t* = 2uge"”
200" + Apge = TH 4
h where
where X & =" +eg"” (12)
e=¢&", (5)
. . . , with
is the trace of the strain tensor obtained by contraction. The ¢ = h _ et (13)
volume dilatations is defined as the change in volume per Y L Y 1 Y
original volume [6, see pp.149-152] and is an invariant of e= g% =¢ (14)
the strain tensor. o 4 4
It is interesting to note that the structure of Eq.(4) is singd similarly o
ilar to that of the field equations of General Relativity, viz. T =t +tg" (15)
1 with
R — > MR = —KTH* (6) t, =TH, —t", (16)
1 (07
whereK = 87G/c* andG is the gravitational constant. This t= ZT a: (17)

strengthens our conjecture that the geometry of the spacetimeryg gjstortion-dilatation decomposition is evident in the
continuum can be seen as a representation of the deformafjgengence of the dilatation relation on the bulk modugus

of the spacetime continuum resulting from the strains gengfy of the distortion relation on the shear modulgisThe di-

ated by the energy-momentum stress tensor. latation relation of Eq.(11) corresponds to rest-mass energy,
while the distortion relation is traceless and thus massless,
and corresponds to shear transverse waves. We also noted

As shown in [1], the contraction of Eq.(4) yields the reldD [1] that this decomposition of spacetime continuum defor-
mations into a massive dilatation and a massless transverse

Rest-Mass Energy Relation

tion
2o +200)e = T =T @) vvlive distortion is somewhat reminiscent of wave-particle du-
ality.
whereT?, corresponds to the invariant rest-mass energy den-
sity 3 Kinematic Relations
T% =T = pc? (8) The strains*” can be expressed in terms of the displacement

wherep is the rest-mass density. The relation between the ifi-through the kinematic relation [6, see pp. 149-152]:
variant volume dilatatios and the invariant rest-mass energy 1
density is thus given by g = E(u‘”v + U+ utu,”) (18)

2(uo + 220)e = pC* (9) where the semicolon (;) denotes covariarietentiation. For
small displacements, this expression can be linearized to give

or, in terms of the bulk modulug), the symmetric tensor

2

dioe = pC”. (10) o %(u’” U = ), (19)

As we noted in [1], this equation demonstrates that rest-
mass energy density arises from the volume dilatation of tA& use the small displacement approximation in this analysis.
spacetime continuum. The rest-mass energy is equivalent toAn antisymmetric tensap*” can also be defined from the
the energy required to dilate the volume of the spacetime c@#placementt'. This tensor is called the rotation tensor and
tinuum, and is a measure of the energy stored in the spaceti#féefined as [6]:
continuum as volume dilatation. The volume dilatation is an 1 . .
invariant, as is the rest-mass energy density. W= S U - ) = b, (20)
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Where needed, displacements in expressions derived fiomerchanging the order of flierentiation in the first term and
Eq.(19) will be written asy; while displacements in expresusing Eq.(22) to expressin terms ofu, this equation simpli-
sions derived from Eq.(20) will be written as. Using difer- fies to
ent symbolic subscripts for these displacements provides a re- oW, + (o + AU, = —X” (28)
minder that symmetric displacements are along the directioH. .

. - : ) o which can also be written as
of motion (longitudinal), while antisymmetric displacements
are perpendicular to the direction of motion (transverse). LoV + (o + Ao)s” = =X (29)
In general, we have [6]
This is thedisplacement wave equation
SettingX” equal to zero, we obtain the macroscopic dis-

where the tensar” is a combination of symmetric and antiPlacement wave equation
symmetric tensors. Lowering indexand contracting, we get

W = e + o (21)

the volume dilatation of the spacetime continuum VA = J%OAOS;V- (30)
Wy =&y =uly=¢ (22) 43 Ccontinuity Equation
where the relation Taking the divergence of Eq.(21), we obtain
Wy =ut, =0 (23) U, =+ "y (31)
has been used. Interchanging the order of partialftérentiation in the first

. . term, and using Eq.(22) to exprasi terms ofe, this equa-

4 Dynamic Equation tion simplifiestgt]) 2 P |

4.1 Equilibrium Condition '

Under equilibrium conditions, the dynamics of the spacetime Mty =g (32)

continuum is described by the equation [4, see pp. 88_89]Hence the divergence of the strain and rotation tensors equals
T = X" (24) the gradient of the massive volume dilatation, which acts as a

source term. This is the continuity equation for deformations

where X” is the volume (or body) force. As Wald [7, se®f the spacetime continuum.

p. 286] points out, in General Relativity the local energy den- .

sity of matter as measured by a given observer is well-defingd, Wave Equations

and the relation 5.1 Dilatational (Longitudinal) Wave Equation

=0 (25) Taking the divergence of Eq.(28) and interchanging the order
can be taken as expressing local conservation of the enefypartial diferentiation in the first term, we obtain
momentum of matter. However, it does not in general lead to
a global conservation law. The valX& = 0 is thus taken to (20 + W)U, = =X, (33)

represent the macroscopic local case, while Eq.(24) provides ) . . .
a more general expression. Using Eq.(22) to expressin terms ofg, this equation sim-

i

At the microscopic level, energy is conserved within gHifies to .
limits of the Heisenberg Uncertainty Principle. The volume (2uo + A0)e”, = =X, (34)
force may thus be very small, but not exactly zero. It agay
makes sense to retain the volume force in the equation, and (2uo + A0)VZe = -X.,. (35)

use Eq.(24) in the general case, while Eq.(25) can be used at

the macroscopic local level, obtained by setting the volume SettingX” equal to zero, we obtain the macroscopic lon-
force X” equal to zero. gitudinal wave equation

2
4.2 Displacement Wave Equation (2u0 + A0)V7e = 0. (36)

Substituting forT*” from Eq.(4), Eq.(24) becomes The volume dilatatiorr satisfies a wave equation known as
) vy the dilatational wave equation [6, see p.260]. The solutions
24108y + Aog ey = =X (26) of the homogeneous equation are dilatational waves which

and, using Eq.(19), are longitudinal waves, propagating along the direction of
motion. Dilatations thus propagate in the spacetime contin-

Ho(U™, + U™, + 208 = =X (27) uum as longitudinal waves.
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5.2 Rotational (Transverse) Wave Equation 6 Discussion and Conclusion
Differentiating Eq.(28) with respect 1§, we obtain In this paper, we have proposed a framework for the analy-
- » v sis of strained spacetime based on the elastodynamics of the
MU, + (o + AU, = =X (37) spacetime continuunS'CED. In this model, the emphasis

is on the displacements of the spacetime continuum infinites-
imal elements from their unstrained configuration as a result
of the strains applied on th&TCby the energy-momentum
Jo(UPH & — U Yy = (X - X), (38) stress tensor, rather than on the geometry ofSM€due to

the energy-momentum stress tensor.

Interchanging the order of partial fttrentiations and using ~ We postulate that this description based on the deforma-
the definition of the rotation tensay”® of Eq.(20), the fol- tion of the continuum is a description complementary to that

Interchanging the dummy indicegnda, and subtracting the
resulting equation from Eq.(37), we obtain the relation

lowing wave equation is obtained: of General Relativity which is concerned with modeling the
resulting geometry of the spacetime continuum. Interestingly,
oV = =X (39) the structure of the resulting stress-strain relation is similar to

that of the field equations of General Relativity. This streng-
whereX# is the antisymmetrical component of the gradiemttens our conjecture that the geometry of the spacetime con-

of the volume force defined as tinuum can be seen as a representation of the deformation of
1 the spacetime continuum resulting from the strains generated
X] = E(XW — X", (40) by the energy-momentum stress tensor. The equivalency of

the strain description and of the geometrical description still
SettingX” equal to zero, we obtain the macroscopic trangmains to be demonstrated.
verse wave equation The equilibrium dynamic equation of the spacetime con-
tinuum is described by*”,, = —X". In General Relativity,
V2w = 0. (41) the relationT*,, = 0 is taken as expressing local conserva-

) o e ) tion of the energy-momentum of matter. The vakie= 0
The rotation tensow/” satisfies a wave equation known ag 1hs taken to represent the macroscopic local case, while

the rotational wave equation [6, see p.260]. The solutiofsihe general case, the volume forke is retained in the

of the homogeneous equation are rotational waves which 8fiation. This dynamic equation leads to a series of wave
transvgrse waves, propagating perpendicular to the direc@a?;ations as derived in this paper: the displacemey di-

of motion. Massless waves thus propagate in the spacetigi§tional ¢), rotational (**) and strain£*) wave equations.

continuum as transverse waves. Hence energy is seen to propagate in the spacetime con-
tinuum as deformations of th8TCthat satisfy wave equa-
tions of propagation. Deformations can be decomposed into
A corresponding symmetric wave equation can also be @atations and distortionsDilatations involve an invariant
rived for the straire”. Starting from Eq.(37), interchangingchange in volume of the spacetime continuum which is the
the dummy indices anda, adding the resulting equation tasource of the associated rest-mass energy density of the de-
Eq.(37), and interchanging the order of partidfetientiation, formation. Distortions correspond to a change of shape of
the following wave equation is obtained: the spacetime continuum without a change in volume and
are thus massless. Dilatations correspond to longitudinal dis-
(42) placements and distortions correspond to transverse displace-
gflents of the spacetime continuum.
Hence, every excitation of the spacetime continuum can
be decomposed into a transverse and a longitudinal mode of
) }(XW XY, (43) p_ropagatior). We have noted that thi_s decomposition into a
2 dilatation with rest-mass energy density and a massless trans-
. . . verse wave distortion, is somewhat reminiscent of wave-parti-
SettlngXV equall to zero, we obtain the macroscopic SYle duality, with the transverse mode corresponding to the
metric wave equation wave aspects and the longitudinal mode corresponding to the
particle aspects.
(44) A continuity equation for deformations of the spacetime
continuum is derived; we find that the divergence of the strain
This strain wave equation is similar to the displacement waard rotation tensors equals the gradient of the massive volume
equation Eq.(30). dilatation, which acts as a source term.

5.3 Strain (Symmetric) Wave Equation

yoVZS‘W + (/,lo + /lo)&wV = —X(IJ;V)

whereX®") is the symmetrical component of the gradient
the volume force defined as

_Ho+ Ao s
Ho

V2€uv —
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The nature of the spacetime continuum volume force re-

mains to be investigated. In addition, the displacement, di-
latational, rotational and strain inhomogeneous wave equa-
tions need further investigation.
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Oblique-Length Contraction Factor in the Special Theory of Relativity

Florentin Smarandache
University of New Mexico 705 Gurley Ave. Gallup, NM 87301, USA. E-mail: smarand@unm.edu

In this paper one generalizes the Lorentz Contraction Factor for the case when the
lengths are moving at an oblique angle with respect to the motion direction. One shows
that the angles of the moving relativistic objects are distorted.

1 Introduction 3 Time-Dilation Factor

According to the Special Theory of Relativity, the Lorentzime-Dilation Factor D(v) is the inverse of Lorentz Factor:
Contraction Factor is referred to the lengths moving along

the motion direction. The lengths which are perpendicular on D(v) = _ €[1,+o] forwvel0,c] (3)
the direction motion do not contract at all [1]. 1- f
In this paper one investigates the lengths that are oblique c?

to the motion direction and one finds their Oblique-Length ,

Contraction Factor [3], which is a generalization of the At = At'-D(v) @)
Lorentz Contraction Factor (fot = 0) and of the perpen-whereAt = non-proper time andyt’ = proper time.D(0) = 1,
dicular lengths (fov = x/2). We also calculate the distortegneaning no time dilation [as in Absolute Theory of Relativity

angles of lengths of the moving object. (ATR)]; D(c) = lim,_,cD(v) = +oo0, which means according
to the Special Theory of Relativity (STR) that if the rocket
2 Length-Contraction Factor moves at speed ‘c’ then the observer on earth measures the

elapsed non-proper time as infinite, which is unrealistie.c
is the equation of the vertical asymptote to the curv®@j).

2 4 Obligue-Length Contraction Factor
C) = 1- % €[0,1] forve[0,1] @ que-Leng '
C The Special Theory of Relativity asserts that all lengths in the

direction of motion are contracted, while the lengths at right
L=L"C) (2) angles to the motion are ufiected. But it didn’t say anything
about lengths at oblique angle to the motion (i.e. neither per-
- ) i endicular to, nor along the motion direction), how would
length. C(0) = 1, meaning no space contraction [as in Absaﬁey behave? This is a generalization of Galilean Relativity,

lute Theory of Relativity (ATR)]. i.e. we consider the oblique lengths. The length contraction
C(c) = 0, which means according to the Special Theopyctor in the motion direction is:

of Relativity (STR) that if the rocket moves at speed ‘c’ then

the rocket length and laying down astronaut shrink to zero! 02

This is unrealistic. Cl) = \ 1-5

Length-Contraction Factd(v) is just Lorentz Factor:

whereL = non-proper length (length contractel),= proper

()

Suppose we have a rectangular object with wittand

4 lengthL that travels at a constant speedith respect to an
D@x) v =c¢ observeron Earth.
L
A D
w W
l a
> W — e >
0 0.5¢ c v B L C X
Fig. 1: The graph of the Time-Dilation Factor Fig. 2: A rectangular object moving along tkeaxis
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L/ 1 .
, E
A D 0C(v,8) !
WI WI :l
C{v) II
©) :
---------------- »> f
) ’ ) "

B L C X 0 g /2 n

) 2
Fig. 3: Contracted lengths of the rectangular object moving along Sn/2 <7
the x-axis Fig. 4: The graph of the Oblique-Length Contraction FaGi6Xu, 6)

Then its lengths contract and its new dimensions will beeriodic of periodr. since:
L” andW’: wherel” = L - C(v) andW = W. The initial P P ' '
diagonal of the rectangle ABCD is:

OC(,m+6) = yJCW)?cOL(r +6) + sirP( + 6)
6 =|AC| =|BD|= VL2 +W? = /C(v)2[= cos] + [ Sinf]2

= VL2 + L2tarf0 = L V1 + tarf 6 © (1)
= \/C(v)2 cog 6 +sirf 9
while the contracted diagonal of the rectangi® C’'D’ is: = OC(v, 6).
More exactly about th©C(v, §) range:
§ =|AC|=|BD|
= TP+ (W2 = V2 CPE + W2 ) e el (42
= /[2C(1)2 + L2tar? 6 = L /C(v)? + tar? . but sinceC(v) € [0, 1], one has:
Therefore the lengths at oblique angle to the motion are OC(v, 6) € [0, 1]. (13)
contracted with the oblique factor The Oblique-Length Contractor
& L+/C(v)? +tarto
OoC(,0) = — = ——— _ 2 i
5 L m (8) OC(U, 0) \/C(U) co2 6 + sir’ 0 (14)
_ /C(v)2 +tarfg 2 . is a generalization of Lorentz Contractofv), because: when
B 1+tarfg \/C(v) cog 6+ it f 6 = 0 or the length is moving along the motion direction, then
L OC(v, 0) = C(v). Similarly
which is diferent from C(v).
OC(v, ) = OC(v, 27) = C(v). (15)

& =6-0C(v,0) 9)
Also, if 6 = 7, or the length is perpendicular on the mo-
where 0< OC(v, 0) < 1. tion direction, therOC(v, 7/2) = 1, i.e. no contraction oc-
For unchanged constant spaegdhe greater i® in (O, g) curs. SimilarlyOC(v, 37”) =1
the larger gets the oblique-length contradiction factor, and re-
ciprocally. By oblique length contraction, the angle 5 Angle Distortion

7 7 Except for the right anglest(2, 37/2) and for the Oz, and
RS (0, E) U (E’”) (10) 2n, all other angles are distorted by the Lorentz transform.
Let’s consider an object of triangular form moving in the
is not conserved. direction of its bottom base (on theaxis), with speed, as
In Fig. 4 the horizontal axis represents the argglevhile in Fig. 5:
the vertical axis represents the values of the Oblique-Length 0¢c (0, f) U (f, ,T) (16)
Contraction Facto©C(v, §) for a fixed speed. HenceC(v) 2/ \2
is thus a constant in this graph. The graph, ddixed, is is not conserved.
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B’ a

Fig. 6:

[ = arccosaz -C(v)? + 8% - OC(v, £ A+ B)?> —y? - OC(v, £ B)Z.
2a - B - OC(v) - OC(v, £ A+ B)

As we can see, the angleg\, «B’, and«C’ are, in gen-
eral, diferent from the original angled, B, andC respec-
tively.

The distortion of an angle is, in generalffdrent from the
distortion of another angle.
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The side|BC| = « is contracted with the contraction fac-
tor C(v) sinceBC is moving along the motion direction, there-

fore|B'C’| = a - C(v). But the oblique side#BandCA are

contracted respectively with the oblique-contraction factors

OC(v, «B) andOC(v, 4 — C), where«B means angle B:

|AB| =y - OC(v, «B) (17)
and
C'A|=8-0OC(v, 4n—C) =B-OC(v, <A+ B)  (18)
since
(A+ 4B+ 4C =n. (19)

Triangle ABC is shrunk and distorted t&'B'C’ as in
Fig. 6.
Hence one gets:
a =a-C(v)
B =pB-0C(v, £ A+ B)
vy =vy-0C(v, £ B)

(20)

In the resulting triangleA’B'C’, since one knows all its

side lengths, one applies the Law of Cosine in order to find

each angleA’, «B’, and«C’. Therefore:

—a?. 2 2, 2 2, 2
A = arccos= CW)? + 5% OC(v, ¢ A+ B + y*- OC(r, £ B)
28 -y - OC(v, £ B) - OC(v, <A + B)

2 2B 2442, 2
(B = arccos® G0 —B°- OCv. A+ B)” + " - OC(v, £ B)
2a -y - OC(v) - OC(v, « B)
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Investigated idea was actuated by the old opinion that a measurement of a quantum ob-
servable should be regarded a as a single deterministic sampling. But, according to the
last decades studies, such observables are veritable random variables and their measure-
ments must imply significant sets of statistical samplings. So one finds the indubitable
caducity of the approached idea. Contiguously the respective finding allows to put into
a new light the controversial questions like the Sclinger cat thought experiment or
description of quantum measurements.

1 Introduction In its turn, IWFC continued to be present in important

A recent highly authorized opinion [1] points out the exisRuPlications (see [1-3] and references), with explicit or im-
ing deadlock that: There is now ... no entirely satisfacPlicit references to CIUR. It was aroused by the conflict be-

tory interpretation of Quantum Mechanics (QMAs major tween two items:

guestion of that deadlock is recognized as being [2] the prob{i) The old opinion that a measurement of a quantum ob-

lem of Quantum Measurements (QMS), in whose center still  servable should be regarded a as a single deterministic
stands [3] the Idea about Wave Function Collapse (IWFC). sampling and

For IWFC, demarcated as above, the most known debates am The agreement, enforced by theoretical practice, that

mainstream publications are reported in [1-3]. studies of quantum systems use probabilistic (non-
Here, in discussing the IWFC question, we try to present  geterministic) entities (wave functions and observ-
a somewhat “unconventional” strategy based on viewpoints ablegoperators).

promoted in our modest researches about QM, developed o . . ) )
over last few decades (see [4,5] and references). For avoiding conflict and breaking a deadlock it was devised

the IWFC which, in diferent readings, was assumed in a large

Firstly we note the fact that, historically, IWFC emerge __ _
at the same time with the inaugural ideas regarding the CGHMber of publications. But, as arule, such assumptions were

ventional Interpretation of Uncertainty Relations (CIUR). I@nd still are) not associated with adequate investigations re-
the main CIUR started [4, 5] by mixing the theoretical re@ard'”g the truthfulness of the respective idea in relation with
resentation (modeling) of a a physical quantity regarding’f QM questions. A modest investigation of that kind we
quantum stafeystem with a fictitious observatioh (done Will try to present below in the next sections. ,
through some thought (gedanken) measuring experiment) of Firstly, in Section 2, we point out the fact that in the main
the respective quantity. The mentioned mixing invented aH@: irrespectively of its readings) IWFC is nothing but an
promoted the widespread term oblservablé for such a useless fiction. Such a fact certainly shows the caducity and

quantity. Below, similarly to the nowadays publications, wigilure of the respective idea. In Section 3 we discuss the

will use also the respective term. some aspects contiguous between failure of IWFC and fa-
After the alluded start CIUR coagulates in a form of afious subject of Scbdinger’s cat thought experiment. Then
apparent doctrine centered on two main pieces: within Section 4 we argue that alternatively to the IWFC we

have to reconsider our views about QM theory in relation with
N . . } QMS. So, for the readings of the respective theory, we must
(if) Robertson- Schidinger theoretical relation. to consider either a restricted-QM (r-QM) or an extended-QM
The respective doctrine can be incorporated [4,5] in few bageQM) form. On the one hand the r-QM is essentially the
items (presumptiorisassertions). A deep analysis shows [4grsion promoted by usual QM textbooks [6, 7] and it deals
5] that the respective items, considered as single or grougadlusively only with the modeling of intrinsic properties for
pieces, are incriminated by indubitable facts which are uthe studied systems. On the other hand e-QM must to contain
surmountable within the framework of CIUR. Then CIURIso obligatorily some additional elements regarding QMS
proves oneself to be deprived of necessary qualities for a valekcriptions (i.e. theoretical models about characteristics of
scientific construction. Consequently, in spite of its apologyeasuring devicg@srocedures). Figuratively speaking e-QM
in many modern texts (see references from [4]), CIUR musinsists in r-QM united with QMS descriptions. An simple
be abandoned as a wrong conception without any real vaéxxemplification of a QMS description, regarded in the men-
or scientific significance. tioned sense, is presented in the end of the same Section 4. Fi-

(i) Heisenberg’s thought-experimental formula and
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nally, in Section 5, are given some concluding remarks abauingle experimental sampling delivering an unique (individ-

the views from this article. ual) result, sayA;, is worthlessly. Such a sampling is not de-
scribed as a collapse of the probability densigy(A). More-
2 Uselessness of IWFC over a true experimental evaluation/fin its wholeness and

Now let us try to estimate the usefulness and truthfulness fegarded equivalently with a stationary random process, re-
grees of IWFC. Such an estimation can be obtained if IWFEires [15] an adequate lot of samplings finished through a
is regarded through the details of its constituent elemerftignificant statistical set of individual recordings. In a plausi-
The before mentioned regard must be opened by observafishmodeling [16, 17] the mentioned recordingsd can be
that the starting purpose of IWFC was to harmonize the félescribed by another probability densityc = wrec(A).

lowing two conflicting Itemsl(): The above notifications about quantum observables point

I, The old opinion (of the same time as CIUR) that qut clearly the complete incorrectness of itém Conse-
measurement of a quantum observaBlespecific to quently, even if in the main the itefip is a true assertion,
a statgsystem at atomic scale, should be regarded tgg subterfugé supporting IWFC proves oneself to be noth-

a single sampling which gives an unique deterministicY but an useless recomme_ndanon_ Additionally note that,
in the mainstream of publications ( see [1-3] and references),

result, says;; i ! o :
ya.. _the respective subterfuge is not fortified with thorough (and
I, The theoretical agreement that, due to the probabllbsénuine) descriptions regarding the collafise—s ;. Ev-

tic character of wave functiolif describing the alluded jye )y that the above revealed facgmint out the caducity
statgsystem, the observabkeis endowed with a spec- 54 failure of IWFC.

trum (set) of distinct values. The previous discussions about IWFC lead us also to the

So came into an equivocal sight IWFC knew a lot of debatgslowing more general RemarlR]
(see [1-3] and references). In essence, the solution promoted

by the respective debates can be summarized within the fol-R ’g‘ random varcijable S.h (.)UI.d not b? asse_sTeg (rgeasured)
lowing SubterfugeS): y an unique deterministic sampling (trial) but by a sta-

tistical ensemble of samplings.
S The unique resull; and wave functio’, mentioned in
itemsl 1 andl ,, should be seen (‘and described) through
the wave function collaps# — v, where¥ depicts 3 Contiguities with the Schrodinger’s cat thought exper-
the considered quantum stagstem in its wholeness  iment
while y; is thea-eigenfunction of the operatdk (as-

sociated to the observabl) — i.e Ay; = au;. As itis well known [18] the famous Scbdinger’s cat thought

experiment is a subject often displayed in debates (more or
For a proper judgment of such a subterfuge we have to kgss scientifically) about the significariiceerpretations of
consider the correctness of the item®ndl .. In the light of QM constituents. The essential element in the respective ex-
such areason it must to note that studies from the last decasig$ment is represented by a killing single decay of a radioac-
(see [4-7] and references) consolidated beyond doubt the fRetatom. But the radioactive decays are random (probabilis-
that, mathematically, a quantum observablghrough of the tic) events. Then the mentioned killing decay is in fact a twin
operatorA) is a true random variable. In a theoretical viewanalogue of the single sampling noted above in itgnin
point, for a given quantum stasystem, such a variable isconnection with IWFC.
regarded as endowed with a spectra of values associated withrhe mentioned analogy motivates us to discuss on some
corresponding probabilities (more exactly probability amplipntiguities among questions specific to the alluded experi-
tudes). Then, from an experimental perspective, a measiignt and those regarding IWFC. We think that, according to
ment of a quantum observable requires an adequate NUMREabove remarR, the main point of such motivated discus-
of samplings finished through a significant statistical group §bns is to mark down the following NotificationJ
data (outcomes). , , i
Previous opinions about the randomness of quantum ob-N When the variable of interest has random characteris-
servables can be consolidated indirectly by mentioning the ~1iCS itis useless (even forbidden) to design experiences
quantum-classical probabilistic similarity (see [4,8]) among O actions that relies solely on a single deterministic
the respective observables and macroscopic variables stud- Sampling of that variable.
ied within phenomenolgical (thermodynamic) theory of fluc- |n the light of such notification the Sdbainger experi-
tuations [4, 9-14]. In this way let us refer to such a macrgrent appears to be noting but just a fiction (figment) without
scopic random observable. Its intrinsic (n) characteristics any scientific value. That is why the statements likéhe"
are given in details by a continuous spectra of valdes- Schrodinger cat thought experiment remains a topical touch-
side of spectra (rang&)i, (i.e. A € Qin), associated with a stone for all interpretations of quantum mechahjcaust be
probability densitywin, = win(A). Then forA, in its fullness, regarded as being worthlessly. (Note that such statements are
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present in many science popularization texts, e.g. in the ones
disseminated via the internet.)

The above notificatioN, argued for quantum level, can
be also of non-trivial significance (interest) at macroscopic
scale. For illustrating such a significance let us refer to ther,
thought experimental situation of a classical (macroscopic)
cousin of the Sclidinger cat. The regarded situation can be
depicted as follows. The cousin is placed in a sealed box to-
gether a flask of poison and an internal macroscopic hammer.
The hammer is connected to an macroscopic uncontrollable
(unobservable) sensor located within the circular error proba-
ble (CEP) of a ballistic projectile trajectory. Note that a ballis-
tic projectile is a missile whose flight is governed by the laws
of classical mechanics. CEP is defined as the radius of a cir-
cle, centered about the mean, whose boundary is expected to
include the landing points of 50% of the launching rounds (for
more details about ballistic terminology see [19]). The exper-
iment consists in launching of a single projectile, without any
possibility to observe the point where it hits the ground. Also
the projectile is equipped with a radio transmitter which sig-
nals the flight time. If the sensor is smitten by projectile the
hammer is activated releasing the poison that kills the cousin.
But as the projectile trajectory has a probabilistic character
(mainly due to the external ballistic factors) the hitting point
is placed with the probability of 50% within the surface of
CEP where the sensor is located. That is why, after the pro-
jectile time of flight and without opening the box, one can not
know the state of living for the cousin. So the whole situation
of the classical cousin is completely analogous with the one
of quantum Schirdinger’s cat. Therefore the thought experi-
ment with classical cousin makes evident oneself as another
fiction without any real significance.

We can add here another circumstance where the abovg
notificationN is taken into account (and put in practice) in a
classical context. Namely we think that, in the last analysis,
the respective naotification is the deep reason of the fact that in
practice of the traditional artillery (operating only with ballis-
tic projectiles but not with propelled missiles) for destroying
a military objective one uses a considerable (statistical) num-
ber of projectiles but not a single one.

4 Contiguities with descriptions of quantum measure-
ments

It is easy to see the fact that the considerations from Section 2
are contiguous with the question of QMS descriptions. Such
a fact require directly certain additional comments which we
try to present here below. In our opinion the mentioned ques
tion must be regarded within a context marked by the follow- >
ing set of TopicsT):

T, Inits plenitude the QM theory must be considered in a
r-QM respectively in an e-QM reading. Fundamentally,
on the one hand, r-QM deals with theoretical models
regarding intrinsic properties of quantum (atomically

S. Dumitru. Caducity of Idea about Wave Function Collapse as well New Views o@nber’'s Cat and Quantum Measurements

sized) systems. On the other hand e-QM has to take
into account both the characteristics of measured ob-
servablgsystem and the peculiarities of measuring de-
vicegprocedures;

Within r-QM a situation (stafsystem) is described
completely by its intrinsicif) wave function¥;, and
operators&\k (k=1,2,...,f), associated to its specific
observableg\. Expression of¥j, is distinct for each
situation while the operatorgk have the same math-
ematical representation in many situations. The con-
crete mathematical expression 8, may be obtained
either from theoretical studies (e.g. by solving the ad-
equate Sclidinger equation) or from a priori consid-
erations (not supported by factual studies). For a given
statésystem the observable& can be put into sight
through a small number of globai-descriptors such
are: in-mean valuesin-deviations or second or higher
orderin-moments and correlations (for few examples
see below);

T3 Atrue experimental evaluation of quantum observables

can be obtained by means of an adequate numbers of
samplings finished through significant statistical sets of
individual recordings. For an observable the samplings
must be done on the same occurrences (i.e. practi-
cally on very images of the investigated observable and
statgsystem). As regards a lot of observables a global
and easy sight of the mentioned evaluation can be done
by computing from the alluded recordings some (ex-
perimental) expquantifiers (of global significance)
such are:expmean,expdeviation respectivelgxp
higher order moments;

Usually, a first confrontation of theory versus experi-
ence, is done by comparing side by sideitieescrip-
tors andexp-quantifiers mentioned above T andT 3.
Then, if the confrontation is confirmatory, the investi-
gations about the studied observadjstem can be no-
ticed as a fulfilled task. If the alluded confirmation does
not appear the study may be continued by resorting to
one or groups of the following upgradings)(

u;) An amendment for expression ¥f,, e.g. through
solving a more complete Sabtinger equation or using
the quantum perturbation theory;

uz) Improvements of experimental devices and proced-
ures;

uz) Addition of atheoretical description for the consid-
ered QMS;

Through the extension suggested in above upgrading
us the study changes its reading from a r-QM into an
e-QM vision, in the sense mentioned in topic Such

an extension needs to be conceived as a stylized rep-
resentation through a mathematic modeling so that it
to include both intrinsic elements (regarding observ-
ablegstategsystems) and measuring details. Also if the

65
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upgradingus is adopted then a true confrontation of b;) Theory is pretty correct and

theory versus experience must be done not as it was b,) Measuring devicgprocedures are almost ideal.
mentioned inT 4 but by putting face to face the predic- Thus, practically, the survey of debated QMS can be
tions of QMS description with the experimental data. regarded as a finished task.

For an illustration of the topic¥,—Ts let us regard as a
QM system a spin-less quantum particle in a rectilinear andD; If instead of the mentioned equalities one detects (one

stationary movement along ti@x axis. The QMS problems or two) flagrant diferences at least one of the alluded

will be reported to the orbital observables momentoupand beliefs p;) and ) is deficient (and unsustainable).

energyE, denoted generically b Such a deadlock can be avoided by one or groups of the
In terms of T, the probabilistic intrinsicif)) character- upgradings u;—usz mentioned above within the

istics of such particle are depicted by orbital wave function  topicT,.
¥in = ¥in(X) (where coordinate covers the rang€®). The

observable# are described by the associated operatoas- Generally speaking the the upgradings u, are appreci-

: ; — .5 ; ated and worked (explicitly or implicitly) in mainstream liter-
cording the QM r_ulei [6,71(i. . by = —inz; respectlyely ature (see [1-3] and references). But note that, as far as know,
by th(_a HamlltonlanH). Then from the class of 9'0'?3‘““ for uz such an appreciation was neither taken into account nor
despnptors regarding such.an ob;ery&btean be mgnnoned developed in details in the respective literature. It is our mod-
the in-mean-valugA), andin- deviationoin (A) defined as oq 155 1o present below a brief exemplification of upgrad-
follows ing us in relationship with the QMS question. The presenta-
(A, = (\{,m, K‘Pm) tion is done in some simple terms of information transmission

theory.
. Y

7in (A) = ‘/(6'”A Fin, oA \P'") An information theory modeling for QMS description
where {,g) denotes the scalar product of functiohsndg, |n a QMS process the input information regarding the in-
while 6inA = A= (Ain- trinsic (in) properties of the measured system is converted

An actual experimental measurement of observabie jn predicted pd) or output information incorporated within
sense off3 must be done through a set of statistical safhe data received on a device recorder. That is why a QMS
plings. The mentioned set gives faras recordings a collec-appears as aimformation transmission process which the
tion of distinct values {a1,az,a3, ... .1} associated measuring device plays the role ofirformation transmis-
with the empirical probabilities (or relative frequencieSion channel So the QMS considered above can be symbol-
vi,v2,v3, ..., v }. Usually, for a lower synthesized sighized asw¥;, = ¥,q for the wave function while the operator
about the mentioned measurement, as experimeatd) ( A remains invariant. Such symbolization is motivated by the
quantifiers are chosen te&pmearA)eypandexpdeviation ¢, .ts that, on the one hand the wave functipris specific
exp(A) given through the formulas: for each considered situation (statestem) whereas, on the

r other hand the operata?f preserves the same mathematical

(Aexp= Z Vi@ expression in all (or at least in many) situations. Note that the

=1 (quantity of) information is connected with probability den-

r 5 : ) sitiesp,(X) and currents (fluxesj,(x) (7 = in, pd) defined in
Texp(A) = JZ Vi '(a’j - (A)exp) terms of'¥,,(x) as in usual QM [4—7]. Add here the fact that
=1 pn (X) and j, (x) refer to the positional respectively the mo-

tional kinds of probabilities. Experimentally the two kinds

The above considerations about an experimental QMg onapilities can be regarded as measurable by distinct de-
must be supplemented with the following Observatiddk ( yices and procedures. Besides, as in practice, one can sup-

O: Note that due to the inaccuracies of experimental dsose that the alluded devices are stationary and linear. Then,

vices some of the recorded values, a2, @3, ... ,ar } similarly with the case of measurements regarding classical
can difer from the eigenvalue®y, &, as, ... ,as} of random observables [4, 16, 17], in an informational reading,
the operatoA. the essence of here discussed QMS description can be com-

O, A comparison at first sight between theory and expdiessed [4, 17] through the relations:
iment can be done by putting side by side the corre-
sponc_Jing aggregate (global) entities (1) and_(_Z). Whe_n ppa(X) = fr(x, X) pin (X) dX
one finds that the values of compared entities are in

near equalities, usually is admitted the following cou-

®3)
ple of linked beliefs if): Jpa (¥) = f/\(x, X) jin (x) dX
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Here the kernel§'(x, xX') and A(x, X') include as noticeable  In the above modeling of QMS description for the energy
parts some elements about the peculiarities of measuring@e= E = H one obtains [4] the followingn respectivelypd
vicegprocedures. Mathematically;(x, X') and A(x, X') are means and deviations

normalized in respect with botk and x’. Note that QMS ho

becomes nearly ideal when bofifx, X) — J6(x — x’) and (H)y = —; oin(H)=0, (5)
A(X X) = (X - X), (6(x — X') being the Dirac’s function). 2

In all other cases QMS appear as non-ideal. w [h2 N (h oM 2)2]
By means of the probability densify,q(x) and current (HY oy = Y ©)

jpd(X) can be computed [4] some useful expressions like pd 4(h + 2mwy?) ’

P (X) A¥pq(X). Then, for observablé, it is possible to 5 5 2

e\?gluate global indicators of predictedd) nature such are opa (H) = Vame?y (h +Mwy ) @

pd-mean(A),q and pd-deviationo g (A) defined, similarly (7 + 2mwy?)

with (1), as follows Relations (5) and (7) show that even#if, has the quality of

— an eigenfunction foH (asoin(H) = 0), due to the measure-

(Apd = (Tpdv A‘de) @ ment¥ ,q is deprived of such a quality (becausgy(H) # 0).
opd(A) = J(édeTpd, SpaA P po) 5 Concluding remarks

We point out, on the one hand, the historical emergence of

.lf as regards a quantum observal?l,ebe&des & Irue X4 o |WEC from the conflict between the itefnsandl, men-
perimental evaluation, for its measuring process one resrts

to a (theoreticginformational) QMS description of the abov loned in Section 2. Th_en we r_emlnd the fact that, on th_e qther
kind the pc-indicators (4) must be tested by comparing themand, the modern studies certify the random characteristics of
with their experimental (factual) correspondents (iexp gquantum observables. Therefore a true measurement of such

o ) . an observable requires a whole set of statistically significant
quantifiers) given in (2). . : . : . . :
. . . .samplings. The respective requirement invalidate indubitably
When the test is confirmatory both theoretical descrip- . .
. RN . : e alluded item ;. So IWFC is proved as a caducous and
tions, of r-QM intrinsic properties of system respectively Ouseless recommendation
QMS, can be considered as adequate and therefore the scien: )

tific task can be accepted as finished. But, if the alluded tFS&Contlguously the"re.spect,we proof allows to pl.Jt Into a new
) . S . ight the famous Sclidinger’s cat thought experiment. We
is of invalidating type, at least one of the mentioned descrip>

; : rgue in Section 3 that Sdbdtinger’s experiment is noting but
tions must be regarded as inadequate and the whole ques |gp - : LS .
a fiction without any scientific value. The argumentation

) h o jus

requires further investigations. . e . .

q . estig ; relies on the notification that: “When the variable of inter-

For an impressive illustration of the above presented in- o :

. o . est has random characteristics it is useless (even forbidden)
formational QMS description we consider as observable 0

interest the energp = E = H regarding a QM harmonicto design experiences or actions that relies solely on a single

oscillator. The operatoR associated to the respective o deterministic sampling of that variable”. The same notifica-

i s R @ 1 29 tion is useful in appreciating of some non-quantum problems
servable is the HamiltoniaH = -5 + smw™x” (mand o0 o Schbdinger’s-type experiment with a classical cat
w denote the mass respectively the angular frequency of 855 vtical practices in traditional artillery.

ciIIatqr). The oscillat_or i_s c_onsidergd to be_ in its lower err The question of IWFC caducity is contiguous also with
ergetic level, whose intrinsic state is described by the waye, problem of QMS descriptions. That is why in Section 4
function'¥i (X) o exp{~ 25 (hereo = oin (¥) = \/% de- we present some brief considerations about the respective
note thein-deviation of coordinat&). Then, becaus#;, isa problem. Thus we propose that QM theory to be regarded
real function, for the considered state one fifigs= 0 —i.e. either in a r-QM or in an e-QM reading, as it refers to the
the probability current is absent. studied observables and systems without or with taking into

So for the regarded QMS description in (3) remains of iaccount the QMS descriptions. The proposal is consolidated
terest only first relation dealing with the change — ppq 0f  with simple illustration regarding a spin-less quantum oscil-
the probability density through the kerréfx, x'). If the sup- lator in a rectiliniar and stationary movement along @
posed measuring device has high performanddesx’) can axis. Particularly we suggest an approach of QMS descrip-
_(x=x)? tions based on information transmission theory.

be taken [4] of Gaussian form i.E.(X, X') o« exp{ -7 1,

. - . v Of course that other fferent approaches about QMS de-
being the error characteristic of the respective device. It C@é}iptions can be imagined. They can be taken into account
been seen that in the case whers 0 the kernel'(x, X’) de- )

. . ) for extending QM theory towards an e-QM reading, as com-
generates into the Dirac functidigx — x’). Thenppg = pin. 9Q y Q g

) _pletgconvincing as possible.
Such a case corresponds to an ideal measuremerﬁferDlp ¢ gasp
ently, wheny # 0 one speaks of non-ideal measurements. Submitted on: November 15, 2012ccepted on: November 18, 2012
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The gravitational field shielding by scalar field and type Il superconductors are theoret-
ically investigated. In accord with the well-developed five-dimensional fully covariant
Kaluza-Klein theory with a scalar field, which unifies the Einsteinian general relativity
and Maxwellian electromagnetic theory, the scalar field cannot only polarize the space
as shown previously, but also flatten the space as indicated recently. The polariza-
tion of space decreases the electromagnetic field by increasing the equivalent vacuum
permittivity constant, while the flattening of space decreases the gravitational field by
decreasing the equivalent gravitational constant. In other words, the scalar field can
be also employed to shield the gravitational field. A strong scalar field significantly
shield the gravitational field by largely decreasing the equivalent gravitational constant.
According to the theory of gravitational field shielding by scalar field, the weight loss
experimentally detected for a sample near a rotating ceramic disk at very low tempera-
ture can be explained as the shielding of the Earth gravitational field by the Ginzburg-
Landau scalar field, which is produced by the type Il superconductors. The significant
shielding of gravitational field by scalar field produced by superconductors may lead to
a new spaceflight technology in future.

1 Int i .
ntroduction Laboratory measurements constrairregg 107> m?/kg [6-

Gravitation is one of the four fundamental interactions of n@. Space measurements gave 10°1° m?/kg [8-9]. These
ture. According to the Newtonian universal law of gravitaneasurements indicated that the gravitational field shielding
tion, any two objects in the universe attract each other wiinegligible or undetectable in the case of weak fields.
a force that is directly proportional to the product of their on the other hand, Kaluza [10] in 1921 proposed a five-
masses and inversely proportional to the square of the djgnensional (5D) theory to unify the Einsteinian general rela-
tance between them. According to the Einsteinian genejgity and Maxwellian electromagnetic theory. The geometric
theory Of relatiVity, graVita.tion iS direCtly related to the Curv%tructure and property of the 5D Spacetime were then Stud_
ture of spacetime. The Schwarzschild solution of the genggy by Klein [11-12]. The early Kaluza-Klein (K-K) theory
relativity for a static spherically symmetric body predicts thef unification was further developed with a scalar field [13],
perihelion precession of planets, the deflection of distant Sfgich can modify both the electromagnetic and gravitational
light by the Sun, the gravitational redshift of Sun’s light, angk|ds. Some previous studies have shown that the scalar field
the time delay of radar echoes, which have been well tesgegh reduce the electromagnetic field of a charged object and
by the measurements [1-4]. thus polarize the space around the charged object or shield
To study the shielding of the gravitational field in analahe electromagnetic field from the charged object [14-15].
gous to the shielding of the electromagnetic field, Majorapgjs equivalent to increase the free space permittivity con-
[5] in 1920 modified the Newtonian gravitational field of agignt. Recently, we has shown, in accord with a 5D fully
object with a nonzero extinction cfieienth # 0 as covariant K-K theory, that the scalar field can also reduce the
gravitational field of a body and thus flatten the space around
g =9gn exp[—h f p(rydr |, (1) the body or shield the gravitational field from the body [16].

_ _ o _ _Itis equivalent to decrease the gravitational constant in and
wheregy = GoM/r? is the Newtonian gravitational field Withground the body [17].

Go the gravitational constank] the mass of the object, amd

J AV ) h The scalar field that was introduced to the cosmology in
the radial distance from the object centeiis the mass den-4rious models has also been considered as a candidate of

sity of the objecthis the extinction cokicient. For a spheri- yari energy for the acceleration of the universe. As the cos-
cal ol_)Ject with a constant mass density and ra&usd. (1) e expansion, the scalar field of the universe changes over
after integrated becomes time and became repulsive about many years ago and then

M overcome the gravitational force to accelerate the expansion
9= 9N exp(—m). (2} of the universe. In addition, we have recently shown that a
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massive and compact neutron star can generate a strong sediare the scalar field and the critical or singular radilB

field, which can significantly shield or reduce its gravitationaf the K-K solution are simplified as

field, and thus can be more massive and more compact. The GoM
_ Go

mass-radius relation developed under this type of modified o=v1 B= . (11)
gravity with a scalar field can be consistent with the measure- V3c?
ments of neutron stars [18]. The singular radiu8 of the K-K solution is a factor ofy3/6

In this paper, we will investigate the gravitational fielimes smaller than the Schwarzschild radius. Eq. (10) indi-
shielding by scalar field and type Il superconductors. We sugtes that the gravitational field obtained from the 5D fully
gest that the scalar field generated by the type Il supercondstsvariant K-K theory with a scalar field is influenced by the
tors has the same physics and thus addable to the scalar §eigar fieldd. This type of influence can be understood as the
generated by any other types of matter. According to the fivgravitational field shielding by scalar field.
dimensional fully covariant K-K theory with a scalar field, |n the case of weak fields (i.eB < r or in other words,
the scalar field of an object can shield its gravity or decreagRen the gravitational potential energy of a particle is much

the equivalent gravitational constant in or around the objesinaller than the rest energy of the particle), we can approxi-
Therefore, the Ginzburg-Lanadu scalar field [19-20] genefately simplifyg as

ated by type Il superconductors, if it has a similar physics and
thus addable to the scalar field of the Earth, can cause a sam-
ple to lose a few percent of its weight or the Earth’s gravity
as detected by [21]. This study will quantitatively analyze t
gravitational field shielding due to the scalar field genera
by type Il superconductors.

14GoM
3c?r

g = 9gn (1— )= 1-750. (12)
,?%ere we have replacetl = 1 + §0. Comparing the field at
fffe surface of object between Eq. (2) and Eq. (12), we obtain
the extinction cofficient as

2 Gravitational Shielding by Scalar Field 561GoR

eiing by , _ h=2228 _15x10%R (13)
In the 5D fully covariant K-K theory with a scalar field that 9c
has successfully unified the 4D Einsteinian general relatWhich is abouth ~ 1.5 x 10726 m?/kg for an object with ra-
ity and Maxwellian electromagnetic theory, the gravitation8|us of one meter énd abolit~ 10-1° m?/kg for an object

field of a static spherically symmetric object in the EinSteWith the size of Earth. It is seen that the gravitational field

frame was obtained from the 5D equation of motion of maliggie|qing by scalar field is undetectable in a laboratory ex-

as [16, 22] 2 (dd d periment since the extinction cieient is very small for an
g=5- (_ + q)_v) e, (3) object with laboratory scale size. For an object with Earth’s
202\ dr dr radiusR ~ 6.4x 10° m, the extinction coficient ish ~ 10°1°,
where the metric and scalar field solutions of the 5D fullyie order of the space measurements. This analysis is valid
covariant K-K theory are given by [23] only for the case of weak fields.
v w22 The reason for the gravitational field to be shed is the sig-
e =¥Yo, 4 .. . . o
nificance of the scalar field, which rapidly increases as the

o B2\? S radial distance approaches to the singular radiusri-e:,B
={1- 2 ¥ ®) (Top panel of Figure 1). The gravitational field is inversely
2 2wl P proportional to the scalar field with a power 03 V3 ~ 1.8
0% = —a"¥" + (1+ )P, ®) if ® > 1 as shown in Eq. (10). By writing Eq. (10) as the
with Newtonian form of the gravitational field
r— B\ V3 ;
v=(s)
r+B ™ g= g (14)
_ GoM g '
- 3+ az)cz’ (®) where theG is defined as an equivalent gravitational constant
Q BZ -3 1 6
a= . 9 _ -7 _ V3 -7-3v3
2VGM ) G_Go(l—r—z) @ _&(cp +1)<D . (15)

HereM andQ are the mass and electric charge of the objecth, oL . N
For a neutral object (i.eq = 0 or Q = 0), the gravita- This suggests that the gravitational field shielding occurs be-

tional field Eq. (3) obtained from the 5D fully covariant K.Kcause the strong scalar field significantly varies or decreases
theory with a scalar field can be simplified to [17] the equivalent gravitational constant around the object.
To investigate the gravitational shielding by scalar field in

B2\ 3 1 6 the case of strong fields, we plot in the bottom panel of Fig-
— gN — - = + — = s . . . .
g=gn|1- =] @7 oV +1) 073V (10 o P b J
r ure 1 the gravitational field or constant ratigy 4y or G/Gg)
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scalar field significantly departs from the unity, for instance,
atd = 1.2 oré® = 0.2, we havey/gn ~ 0.3, which refers to
that a 70% of gravitational field is shed by the scalar field.

3 Gravitational Shielding by Type Il Superconductors

About two decades ago, Podkletnov and Nieminen [21] ex-
perimentally discovered that a bulk sintered ceramic (type Il
superconductor) disk of YB&uO7_ can have a moderate
shielding €fect against the gravitational field. Thiffect in-
creases with the speed of disk rotation and also depends on
the temperature. It was suggested that the shieldifegtes

the result of a certain state of energy that exists inside the
crystal structure of the superconductor at low temperature.
This state of energy changes the interactions between electro-
magnetic, nuclear, and gravitational fields inside a supercon-
ductor, and is responsible for the observational phenomena.
But a shielding physics has not yet been developed.

Here, we propose a possible shielding physics to explain
this phenomena. According to the Ginzburg-Landau theory,
a rotating disk of type Il superconductor at the phase transi-
tion with low temperature (e.g., 70K) generates a scalar field
[19-20, 24-30] that varies the equivalent gravitational con-
stant along with the Earth scalar field in and around the su-
perconductor and thus shields the gravitational field of the
Earth. According to the 5D fully covariant K-K theory and
s - - p= = 10'0 solution, the scalar field of the Earth at the surface is about

(/B the unity becausB < r. Now, in the Podkletnov and Niemi-

nen’s experiment, the ceramic (or type Il) superconductor can

Fig. 1: Scalar field and gravitational field shielding by scalar fiel@roduce an extra scalar fied, which is responsible for the
Top panel: the scalar fieldd) and bottom panel: the ratio be-small weight loss of the sample.
tween the K-K and Newtonian gravitational field or constaiy( Based on the previously-developed Landau theory of the
or G/Go) of a neutral object vs. the normalized radial distanesecond-order phase transition, Ginzburg and Landau [19, 30]
r/B[17]. showed that the free energdy of a superconductor per unit
volume near the transition can be expressed in terms of a com-

plex order parameter field by
as a function of the radius distanagB) [17]. It is seen that B8P

the gravitational field is significantly reduced (or shed) by ther = F| + ajy|? + 9|¢|4 + i|(—ih v _2e§)¢|2 + E (16)
scalar field wherr is comparable tdB. For instances, the 2 2m 20
gravitational field is shed by 10% (or the percentage ofwhereF, is the free energy in the normal phaseandb
weight loss for a sample object) at= 100B, by ~ 20% at are phenomenological parametarsjs an dfective masse

r = 35B, by ~ 40% atr = 15B, by ~ 80% atr = 5B, and is the charge of electronA is the magnetic vector poten-

~ 100% atr = B. Therefore, for a weak field, the relativetial and B is the magnetic field. The absolute value of the
difference of the field is small and thus the shieldiffget is complex order parameter fielg| can be considered as a real
negligible. For a strong field, however, the gravitational fiektalar field called Ginzburd-Landau scalar field denoted here
or constant ratio is small or the relativeférence of the field by ®g, = |¢|. Then, in Eq. (16), the second and third terms
is large so that the shieldingtect is significant. The gravi- are the scalar field potential energy; the first part of the fourth
tational field of an object, when = B or its mass-to-radius term is the scalar field kinetic energy; and the other parts of
ratio is aboutM/r ~ 2 x 10?7 kg/m, is completely shed by thethe fourth term give the energy that couples the scalar field
strong scalar field or by the huge amount of mass enclosadd magnetic field; and the last term is the energy of mag-
As shown in the top panel of Figure 1, the scalar field imetic field.

creases asapproache8. The scalar field is- 1.4 atr = 4B, By minimizing F with respect to fluctuations @f andA,

~ 4 atr = 1.6B, and tends to infinity when — B. When the one can derive the Ginzburg-Landau equations [30-31]
scalar field is unity (i.e.p = 1), we havey/gn = 1, which 1

refers to that the gravitational field is not shed. When the ay + blyl?y + %(—ih v —2eA)%y =0, 17)

g/gy or G/IG,
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andag/b ~ 108 — 1078, the weight relative loss or the gravi-
tational field relative change is 0.5 — 3%, which can be the

0.05

by /b= 1p order of measurements [21].
o oK1
= 4 Discussion and Conclusion
o m
o . .
= For a rotating disk of type Il superconductor, the accelera-
c'”z tion of inertially moving cooper pairs in the superconductor

0.02

3/b=10-7 4 is equivalent to a gravitational field, which may couple with
\ the Ginzburg-Landau scalar field to produce an extra shield-
a,/b=10"8 K1 ing effect on gravity as shown in [21]. In future study, we will
quantitatively analyze the rotation dependence for the gravi-
1 5'0 6'0 70 tational field shielding by the Ginzburg-Landau scalar field of
Temperature (K) type Il superconductors. _ . _
As a consequence, we have analytically studied the gravi-
Fig. 2: Gravitational field shielding by scalar field associated witAtional field shielding by scalar field and type Il supercon-
type Il superconductor disk. The percentage of weight loss of tlactors, in accord with the 5D fully covariant K-K theory
sample is plotted as a function of the temperature of the type Il svith a scalar field and the Ginzburg-Landau theory for su-
perconductors [17]. perconductors. The results have indicated that the gravita-
tional field shielding by the scalar field of a body is very small
L 2 o . at an undetectable level if the field is weak. The extinction
J=—Rey(-ihv -2eA)], (18) codficient derived from the comparison with the Majorana’s
gravitational field shielding theory is consistent with labora-
tory and space measurements. In the case of strong fields,
however, the gravitational field shieldinffect can be signif-
icant. This will have important applications in strong-field
2, astrophysics and greatly impact the physics of supernova ex-
3y + byl = 0. (19) plosions, the models of neutron stars for their mass-radius

The solutiony = O is trivial and corresponds to the normdi€lations, and the theory of black hole formations.

state of the superconductor above the superconducting tran-D€tection of the gravitational field shielding is a challenge
sition temperaturd,. The non-trivial solution of Eq. (19) to a laboratory experiment, but possible especially when the

0.01

wherefis the electrical current density, which is real.
For a homogeneous superconductor, in which 0, Eq.
(17) can be simplified to

determines the Ginzburg-Landau scalar field object becomes a superconductor. A type Il superconduc-
tor may produce a significant Ginzburg-Landau scalar field at

a ao the phase transition and thus may be used to shield gravity as
oL =Yl = \/% = \/‘E(T = To). (20) claimed by [21]. The result obtained from this study can be

consistent with the measurements. The significant shielding
Here, we have assumed the temperature dependereoofof gravitational field by scalar field produced by supercon-
bea = a(T — T¢) with positive ratioag/b. For the YBCO ductors may lead to a new spaceflight technology in future.

superconductor]. ~ 93 K. Suggesting all types of scalarhe gravitational field shielding by type Il superconductors
fields to be similar in physics and addable, we obtain the toggill need further experimentally confirmed.
scalar field in or around a type Il superconductor,
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