ﬁ% GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: A
erenaetriane PHYSICS AND SPACE SCIENCE
’/;ﬁ Volume 14 Issue 3 Version 1.0 Year 2014
| Type : Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals Inc. (USA)
Online ISSN: 2249-4626 & Print ISSN: 0975-5896

Motion in a Medium Composed of Particles and Antiparticles
By Simon Davis

Abstract- From quantum field theory, the vacuum is not empty space but a medium composed of
particles and antiparticles. It has been shown that the process for pair creation also can yield real
particles and antiparticles. The motion of objects through a medium consisting of matter and
antimatter is considered. It shall be demonstrated that certain laws for the planetary orbits will
follow in this system.

GJSFR-A Classification : 95.10.Ce, 96.12.Bc, 96.12.Fe, 96.60.Hyv

MOTIONINAMED IUMCOMPOSEDOFPARTICLESANDANT IPARTICLES

Strictly as per the compliance and regulations of :

© 2014. Simon Davis. This is a research/review paper, distributed under the terms of the Creative Commons Attribution-
Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Motion in a Medium Composed of Particles and
Antiparticles

Simon Davis

Absiract- From quantum field theory, the vacuum is not empty space but a medium composed of particles and antiparticles. It
has been shown that the process for pair creation also can yield real particles and antiparticles. The motion of objects through a
medium consisting of matter and antimatter is considered. It shall be demonstrated that certain laws for the planetary orbits will
follow in this system.

L. [NTRODUCTION

It is known that the interchange of the virtual photon is sufficient to explain the central
potential in electromagnetic interactions. This has been achieved by comparing the force
between particles of given charge through a summation of diagrams with virtual photons
and the Coulomb force. A major success of quantum electrodynamics is the prediction of

the inverse square law in the classical limit from the exchange of virtual photons.

Furthermore, the creation of particles and antiparticles in the vacuum can affect the
motion within the medium. This has been examined previously with respect to the Lorentz
transformations and the constancy of the speed of light. It will established that there is an
effect also on the rotation motion of objects as a result of developing couples. Exploring
further the possibility of linking angular momentum couples, the particles and antiparticles
can be combined to create a substantial torque that will convert linear motion into orbital
motion. Laws for this motion then can be formulated including a relation for the radii of
these orbitals.

The possibility of an electromagnetic component to the force between between the Sun
and the planets has been considered previously (Nieto, 1972). The similarity in the con-
stants of proportionality in the relation between the total angular momentum and the
squared mass has been verified from microscopic to astronomical scales (Wesson, 1981;
Tassie, 1987). Furthermore, a linear combination of the gravitational and electromag-
netic gradients yields the value for planetary systems for a ratio that coincides with the

percentage of mass that can be attributed to dark matter (Davis, 2007).

It is known also that the strength of the electromagnetic force would require a reduction
in the size of the source. A theoretical explanation of the distances in the planetary
orbits can be found found in models describing both gravitational and electromagnetic
interactions and gravi-electromagnetic solitons (Belinski, V. and Verdaguer, E., 2001).
An exponential scale factor in the metric yields a connection between the source of the

electromagnetic force and the gravitational effect at larger distances.
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[I. THE CREATION OF PARTICLES AND ANTIPARTICLES IN THE MEDIUM

While the creation of electrons and positrons in quantum electrodynamics results from
the non-zero inner product of the vacuum state with a state consisting of these particles and
antiparticles, the process also can be modelled semiclassically with a balance between the
electric and magnetic components of the potential and the energy of the electron (Batch-
elor, 2002). The Heisenberg time predicted by the uncertainty principle is determined by

the mass of the electron to be

~ 3.220221702 x 10~ *?se (2.1)

The time also may be evaluated through an integral over the trajectories of the the electrons
and positrons representing the splitting and joining of the two paths. Substituting the
values of the magnetic moment of the electron and its mass, the semiclassical time may be
computed to be

(1) =

ma:c Rma:c
22
Ue 1 0625 SC/ /—6% c / 3 ~ 3.0896 x 10 ““sec (2 2)

2
(1.0625) 3

with R4, being half the maximum separation between the electron and positron (Davis,
2007). Since this value is less than ty,, the process might be examined to determine if
there are any other effects that might contribute to the time of existence of the particle-
antiparticle pair. In particular, since these processes are field theory limits of string pro-
cesses which may have genus greater than or equal to two, the sum over diagrams would
give a larger average for the time ¢,.. This has been computed under two conditions. The
process can be regarded as entirely virtual with the squares of the absolute values of the
amplitudes determining the coefficients in the weighted average for the time, or the process
may viewed as real with the magnitudes of the amplitudes substituted for the coefficients.
The two methods give different results in keeping with the nature of the reaction. In the

first instance, the total time was found to be

0~ 3.09482893 x 10™*2sec (2.3)
With the second technique,

treal ~ 3.227585405 x 10~ *2sec (2.4)

Since these times follow from an averaging procedure, in principle, there would be a dis-
tribution of values and the either process might occur. The reactions then would produce

both virtual pairs and real particle-antiparticle pairs. The latter process would cause the
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medium to consist of these particle-antiparticle pairs, because the time exceeds ¢, and the
pair do not have the reaction does not have to be concluded by a pair annihilation (Davis,
2007). When the pair creation produces real electrons and protons, a moment F x 7 is
generated, where F is generated by the magnetic force between the oppositely directed
currents created by the moving charges and 7 is the position vector from the electron to
the positron. Therefore, the particles and antiparticles form an electromagnetic couple
which generates a torque. From the couplings of the electromagnetic and gravitational
interactions and the size of the source of the centripetal force, it follows that the relative

strengths of the forces are given by a factor

1
0y ———5(1.216545 x 10%°)
1.3 x 10 (2.5)
«a _ Rcent. ‘
cent. — RE

The classical Lagrangian of electromagnetism (Proca, 1936) and the Feynman diagrams
of quantum electrodynamics may be used to deduce a T% Coulomb force in the classical limit
through a Fourier transform of the momentum-space propagator (Feynman, 1949; 1965).
While it is evident that scale of the effective interaction region in the Feynman diagram is
the order of the Compton wavelength of the electron, the transition to a physical process

1

would provide a realization of the -5 electromagnetic force through a wave phenomena.

It follows that the model of a gravitational soliton in an electromagnetic field also would

yield a description of material configurations a medium with pair creation and annihilation

orbiting a central source. By choosing a metric

ds® = fo(dz? — dt?) + ae®P (dzh)? 4+ e %P (dx?)? (2.6)

and a potential A(®) = 0, and dressing both the metric and potential through transforma-
tions constructed to give the soliton solution to the gravatitional and electromagnetic field
equations (Garate and Gleiser, 1995; Belinski, V. and Verdaguer, E., 2001) the metric and

potential are found to be

ds® = f(t,2)(dz? — dt?) + gap(t, z)dzdz® (2.7)

where

qosin tcosh z

5 [(cosh t cosh o — sin o + visinh t)?
1

g11 =

+ (sinh zsin T — cos T — vicosh z)?]e2Faocosh t sinh =z
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qosinh t cosh z

[(cosh t cosh o + sinh o + visinh t)?

922 = Dy
+ (sinh z sin T 4 cos T — V3 cosh z)?|e”2Raocosh t sinh = (2.8)
inh t cosh
gi2 = o 5 o) cosi = [sinh zsinh o sin T — cosh t cosh o cos T
1
— v3(cosh zsinh o + sinh t cos T)]
f _ D1 ek2q(2) sinh%tcosh?z
Vqo sinh t cosh z
and
D = (sinh tcosh o + vicosh t)? + (cosh z sin T — vasinh z)?
o = 2kqosinh z — 2sg (2.9)
T = 2kqg cosh t — 2ty + g
with

A, = 4%&Re{ei50ﬁa [V (sinh®z 4 cosh®t) + sinh t cosh t cosh o — sinh z cosh z sin T
1

—i(sinh t sinh z cosh o + cosh z cosh t sin 7')]}

_ Y (cosh[kqosmh z — 8o +i(kqo cosh t —tg)]
p1 = e
22
_ sinhlkqosinh z — so + i(kqo cosh t —to)]
O+
_ i kg <cosh[kq03mh z — 8o +i(kqo cosh t —tg)]
P2 = —=¢€
2v2
N sinhlkqosinh z — so + i(kqo cosh t — to)])

o_

o_

0+
2tt) (z+t)
o_ = @ {e(zz‘t) + ie_<z2t)} (2.10)

with the pole in dressing matrix occurring at w—iqg and vy and d;y are constants arising in
T11, which is derived from the expansion of this matrix (Belinski, V. and Verdaguer, E.,
2001).

Consider the large-o dependence of A,. It is given by

sinh tcosh tcosh o

- +Im et -
sinh?t cosh?o ( pa) sinht cosh?o
coth t

cosh o

' inh t sinh h
lima—»oo4q0V0{R€ (6150]3&) sinh t sinh z cos a}

sinh z

~ 4qoyolima_>oo{ Re (ei‘soﬁa) + Im (ewoﬁa) } (2.11)

sinh t cosh o
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Since _
Re(e"p,) = cos 6y Re pa — sin 6 Im pq

| (2.12)
Im(e“soﬁa) = sin dg Re p, + cos 6o Im pg,
and
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when o = qgsinh t cosh z and 3 = qycosh t sinh z,

limg_woAl =

coth t 1 ,
4qgovolimey oo cos 0g | — ekdocosh t sinh z
cosh o 4./%0
t
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(sinh(kqgsinh z — sg)sin(kqocosh t — to)e_%

+ cosh(kqosinh z — sg)sin(kqocosh t — tg)e™ Zét)
(2.14)

+ cos 50 ( ) e—kqocosh tsinh z

1
4./q

(cosh(kqgsinh z — sg)cos(kqocosh t — to)e_%t

+ sinh(kqosinh z — sg)cos(kqosinh t — tg)e™ z_;t)}

While the exponential factor eF40cosh tsinh = s Jaroer than the other terms in A; for large

t, it can be cancelled near t = 0. For ¢t ~ 0,

. _z—t . _ztt
limg_oo A1 — —/qol0 (cos doe” 2 + sin dpe” 2 )

- —2kqosinh z_—Zzt , —2kqosinh z —ZEt (2.15)
lzmz_)ooA2 sy /QOVO (COS (506 qosinh z z + sin 506 qosinh z,—= >
The z-dependence is different for two directions, until rescaled coordinates
Gq = ekFaocosh tsinh 24 and G, = e~ kaocosh tsinh 24 a6 ysed. In these coordinates
. —kqosinh z —z=t . — =t
lim,_o0As — —+/qovoe cos dpe” 2+ sin dpe” 2 (2.16)

when ¢t ~ 0.

kaosinh Z a5 a radial distance R such that A; ~ 7, the Coulomb potential

Interpreting e
is recovered. It may recalled the pair annihilation length is 4.796 x 10~ !*cm (Davis,
2007). In units of this length, the planetary distance equals 2.9087 x 1026, Equating the
exponential factor with this value gives kqpsinh z ~ 60.9349212. Then z ~ 4.1098—In(kqo)
which defines a surface of bounded genus. The late-time behaviour of the metric and

—2kqosinh z

potential is consistent with and exponential decay e as ¢ — oo only in the

coordinates (21, Z2).

While this manifold possesses planar sections in the (#1,Z2) coordinates, the metric
component g, distiguishes z coordinate. A metric which might allow approximate equiva-
lence between the spatial coordinates is provided by the initial results on the gravitational
soliton in an electromagnetic field. In the metric (2.6), with fy = % (Garate and
Gleiser, 1995), g.. is an exponential function of t? only in this metric, the identification is
feasible when the other spatial coordinates are rescaled. By a similar calculation, e** may
be chosen to represent a radial distance in rescaled coordinates, and the required value of
z for planetary distances in terms of the pair annihilation length would be approximately

121.8698424.
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[11. THE ELASTIC MEDIUM AND THE ABSORPTION OF ENERGY OF THE WAVES

Regarding matter at Planck scales as strings, an electron-positron pair can combine
with other electromagnetic couples to create a macroscopic system which shall be described
again through strings providing a theoretical basis for a linear relationship between the
total angular momentum and the square of the mass at astronomical scales.

In contrast to a string fixed length, the equation of motion in an elastic medium will
contain a damping factor p dependent on the properties of an elastic medium. Since
the Green function decays exponentially with a characteristic exponent containing u, the
medium will observe any initial force within a distance proportional to % of the application
of this force (Morse and Feshbach, 1953). Independence of the propagation of the wave
along the string with respect to the endpoint of the string is consistent with strings of
macroscopic lengths being formed from the initial electromagnetic couples.

In a medium consisting initially of pairs of particles and antiparticles, the development
of these macroscopic strings would be accompanied by the propagation of an amplitude.
If there is an amount of matter that accrues at given distances from a central source, this

mass could serve as an endpoint of a string of astronomical lengths.

Consequently, a standing wave could be created which has the property that complete
wavelengths are fit precisely within the distances from the central source to the mass. At
other distances, the standing wave is reflected back to the center and the amplitudes would
cancel. Therefore, the only configurations with non-negligible probabilities of existence are
those that support the standing waves.

Given the form of the standing waves, only those that form a complete wavelength are
initially allowed. With the absorption of energy by the medium, the wavelengths can be
allowed to be longer, and the next possible configuration consists of a half-wavelength at
the same distance as the massive object. This half-wavelength cannot be completed unless
it is attached to a mass at twice the distance. With the amalgamation of mass at twice the

distance, the new wave will produce a complete wavelength and another standing wave.

Since the interference of the amplitudes reduces the probability of other configurations
from arising, a rule for the radii of orbits in a medium consisting of particles and and
antiparticles forming macroscopic rotating systems results. It has been established for ex-
ample that a scattered electromagnetic field off a one-dimensional roughly random surface
is stationary only when the incidence is normal (de Oliviera, et. al., 2010). The standing
wave could not be maintained for configurations of a different type. The masses in the

favoured configurations would have orbits with radii increasing approximately as 2.

The description of the motion in a gravitational field in the classical limit through

waves can be made plausible by considering the time-dependent Schrodinger equation

© 2014 Global Journals Inc. (US)



/
ih%—f = V/=R2e2V2 + m2ct)p — G, (3.1)
which can be transformed to
/ o 2,72
K202 + Qme:l a_f + (szr?;z . m204) =0 (3.2)
With the wavefunction ¢ = Aei(kzvthyyth.z—wt)
2 ! 2,12
Cnre (k2= ) o (2™ 2 o (3.3)
Ty Ty T2 ’ 2
Then 9 / 1 2,112
w? — ﬁGm:n w+ 72 <G2% — h2Pk? — m2c4) =0 (3.4)
which has the solution ) ,
w= ﬁGm;n + %\/ hi2k? + m2c2. (3.5)
The wavelength would be
2 1 ! 2
LR e UL (3.6)

A he 1 Afree’
For the wavefunction to describe an aggregate of mass at distances which are remaining

relatively unchanged over time, the momentum must satisfy the inequality

/
VR2k? + m22 < G (3.7)

r

such that QT’T ~ %Gminl. The wavelength satisfies
h /
TC = Ewave o Gm:l (3.8)
and JE .
wave mm
= -G o (3.9)

The reaction to the force in the direction of decreasing energy would be transformed

into tension along the macroscopic string representing the standing wave and equals the

’
mm
r2

gravitational force G .

For a gravitational system, it might be concluded that the radii of the orbits and the
masses would increase because of the attraction of a larger amount of matter from the
central source, which follows from the volume available at these distances. However, it is
not evident that the dependence on n is predicted from a random rotation of uniformly

distributed matter about a central source.

© 2014 Global Journals Inc. (US)

Global Journal of Science Frontier Research (A) Volume XIV Issue III Version [ E Year 2014



Frontier Research (A ) Volume XIV Issue III Version I

Global Journal of Science

While an elliptical orbit can be predicted from the inverse square law, it may be noted
that it also follows from the existence of a linear string from the central source to the
planet such that the sum of the distances from two fixed points to the planet remains
fixed. Verification for the rule of the increasing radius is provided by the solar system,
where the Titius-Bode law (Titius, 1766; Bode, 1777) for the length of the semi-major axis

of the elliptical orbit in astronomical units equals

4
ro = —¢
10
3.10)
3_2n—1 4 (
Ty = CA n>1

10

The anomaly of Mercury might be attributed to the relative amount of size of Sun with
respect to the distance to this planet and that of Neptune, together with the inclinations
of the axes of Pluto and Eris, could be viewed as the result of interference with the
planar orbits. The asteroid belt is known to take the place of the planet for n = 4. It
may be concluded, therefore, that the radii approximately have the dependence predicted
by a connection with the central source formed from a macroscopic string in a medium
containing dark matter.

The geometric progression has been attributed to the disk phase, and, in part, elec-
tromagnetic effects in the medium, while the commensurability of the radii of the orbits
is determined by the gravitational interactions (Nieto, 1972). Further characteristics of
the eventual configuration of the planets follow from a study of the n-body problem. The
symmetries of the three-body problem admit an invariable plane (Wintner, 1947). For

the system of the Sun and the two large planets, the gravitational potential is sufficient to
ensure that the motion of the other planets is constrained nearly to this plane. The central

force given by the negative of the gradient of the Newtonian potential requires Kepler’s
law and closed orbits to be elliptical.

The evolution of the radii of the orbits according to the observed geometric progression
rn = A+ (1.7275)" [ B+ f(a+npS)] (Blagg, 1913; Richardson, 1945) may be derived from a
variational principle of least interaction (Ovenden, 1973; Areoli, et. al., 2000; Bass, 2005).
An example is provided by the nodes of the velocity distribution of a thin disk, such that
matter can aggregate, with % being equal to e (Nowotny, 1979) , where pu is equal to
a ratio of a velocity related to the gravitational force and that of pressure in the gaseous

disk, and it is found to be give a consistent value of this ratio.
IV. CONCLUSION

It has been conjectured that the effects of pair creation in a vacuum have considerably
more consequences that of virtual particle-antiparticle pairs. Whereas previously, the
effect had been estimated for the effects at atomic distances, the occurrence of real pairs of
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particles and antiparticles would have a large effect at macroscopic scales. The prediction
of the increase of the radii of orbits around a central source has been found to be confirmed
by observations of gravitational systems.

The scales of planetary motion require an extension of the mechanism of electromag-
netic coupling of electron-positron pairs to large distances. This effect can be achieved

through a gravi-electromagnetic soliton to the Einstein-Maxwell equations. An exponen-

tial expansion of the size of a real process of annihilation of particles and antiparticles

yields the order of the distances to the planetary orbits. The spacing between the orbits
reflects a geometric progression that is related to wave mechanics, with the planets located
at the end of a standing wave. After the accumulation of matter at the harmonic progres-
sion resulting partially from the electromagnetic interaction, the commensurability of the

orbits of the planets is attributed to gravitational force.
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