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Abstract

This fourth article, in a series of five, intendsdemonstrate the value of
applying Fractal Physics Theory to further underdiag of nucleon

structure and nucleon interactions. An ideal neuti® assumed, as a
limiting case, to be composed of 100% subquantualesélydrogen

atoms. With this assumption and identifying the-go&ar system mass
with the mass of a cosmic scale neutron, it appeassible to derive the
masses of all the nucleons. The strong nuclearef@scdiscussed by
introducing subquantum scale fusion, lilliputianalec electromagnetic
forces, and lilliputian scale gravity.

1. Introduction

The first three articles of the Fractal Physics drgeseries provide essential
background information [1, 2, 3]. The binding enewf a nucleus is the energy
released when individual protons and neutrons aomgdht together to form a
nucleus. This article proposes the strong nucleesef is a combination of inter-
nucleon interactions and intra-nucleon interactigfggure 1). The inter-nucleon
interactions involve lilliputian scale (Is) gravitanal attraction, the reducing effects
of the intervening neutron’s Is-dielectric on pmoforoton Coulomb repulsion and a
variety of Is-electromagnetic attractions inducgdabproton on adjacent neutrons,
two of which are examined. First, if subquantumles¢ags) conduction metals exist
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in the neutron, then a net Is-Coulombic attractidhoccur between a neutron and a
proton. The electric field of the proton will atttaany sgs-conduction electrons
present while repelling their associated sgs-cotiguclattice ions. Second, the
electric field of the proton will induce sgs-eléctdipoles in any non polar sgs-atoms
comprising the neutron creating a short rangecitaforce.

The intra-nucleon interactions involve sqgs-fusiéthe nucleon’s composite sqs-
atoms, which results in increasing the sqs-nucheards of the sgs-atomic nuclei
composing the nucleons. Idealized Is-chemical caitipos of representative nuclei
are calculated considering the inter-nucleon eperghnd basic fusion equations with
atomic masses from initial idealized Is-chemicaimpositions of neutrons and
protons.

Strong Nuclear Force
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Inter-nucleon Forces Intra-nucleon Forces
Sqs-Fusion

| Ls-Gravity | | Ls-Coulombic
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Proton-neutron Proton-neutron-proton Proton-neutron
Polarized sqs-atoms Ls-Dielectric Conduction sgs-electrons
U=-pE U = +pp/(4mer) U = -pn/(4meor)

Figure 1. Diagram of fractal strong nuclear force.

This article begins with idealized neutron betaajeand idealized Is-chemical
compositions of the neutron, proton, and electfollowed by a brief discussion on
the proposed origin of the muon. Next, the incrdasgength of gravity at the
lilliputian scale is presented. Finally the lilligan scale Coulombic interactions are
examined with Is-chemical compositions resultingnir sgs-fusion for a few
representative nuclei.

2. Fractal Proton, Neutron and Electron Chemical Cepositions

2.1. Cosmic scale neutron beta decay

Most stars appear to be composed primarily of hyeino In order to examine
nuclear lilliputian scale chemical compositions, @ealized cosmic scale free
neutron is initially assumed to be composed of 1089drogen. Consider the free
neutron beta decay:

n® p"+e +antng
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The mass differencedm between reactant and products must equal the yenerg
liberated by the reaction (Table 1). The mass ilostosmic scale (cs) neutron beta
decay will be modeled by the mass lost from fugieactions using the isotopes in
Table 2. Let the cosmic scale neutron be composd®@% solid phase Hydrogen
atoms of atomic weight 1.007940754 amu. Allow themorclear fusion to initiate,
perhaps by continued cosmic ray bombardment ofltlik star's surface [2]. Let the
cosmic scale electron be composed of the stabtenthmiclear fusion end product
Iron of mass 55.84514562 amu.

Table 1. Summary of idealized compositions of fractal neog; protons, and
electrons [1]

Table 2. Elements assumed composing idealized cs-neutesprotons, and cs-
electrons [4]

| A ‘ Mass (amu) | Abundance (%) Mass (amu) ‘ Composithomu)
H 1 1.007825032  99.9885 1.007709132
2 2.014101778  0.0115 0.000231622 1.007940754
He 3 3.016029319  0.000134 0.000004041
4.002603254  99.999866 4.002597891 4.002601932
Fe 54 53.9396105 5.845 3.15277023
56  55.9349375 91.754 51.32254255
57 56.935394 2.119 1.20646100
58 57.9332756 0.282 0.16337184 55.84514562

2.2. Cosmic scale electron

The mass of a cs-electron and the mass of iromsed to calculate the number
of iron atoms composing the cs-electron:

Moles of Iron: (1.083591301 10°°g)/55.84514562

= 1940350032 10°®moles,
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Atoms of Iron: (1.940350032 10°®moles) (6.0221415 10%%)

= 1.168506245 10°%atoms.
The decaying cosmic scale neutron must fuse Hydréméorm the cs-electron’s
Iron: (1.168506245 10°?)(56) = 6.543634972 10°° Hydrogen atoms fused.

2.3. Cosmic scale proton

Mass of Hydrogen used to form the Iron of the estebn:

(6543634972 10°3atomsof H)(1.007940752
(6.0221415 10°%)(1000

=1.095224409 1027kg of H consumed by the cs-neutron in forging the cs-
electron.

Remaining cs-neutron mass after accounting focghelectron:
1.992381602 10°°kg - 1.095224409 10%’kg = 1.991286378 10°kg.

Additional mass that must be radiated by fusiorctieas to obtain the cs-proton
mass:

1.991286378 10°°kg - 1.989639050 10°%kg = 1.647328000 10°’Kg.
Let the 1.647328 10?7 kg be consumed by the following proton - protonicha
3H, ® H, +*He,
1.p+H+e ® D+(e +e")+n,,
2.p+H+€ ® D+(e +e")+n,,
3. D+ H ® °He,,

4.D +H ® °He,,
5. 3He, +°He, ® *He, + H.,.

The proton - proton chain results in combining fdwydrogen atoms into a
helium atom and releasing an amount of energy edpnv to the mass difference:
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Initial Hydrogen  (4) (1.007940754mu) = 4.03176301&mu,
Final Helium:  4.00260192amu = 0.02916108amu,

Massdifference Dm:  4.842311318 10 29kg
= 4.35205232° 10 2] = 27.16337648MeV.

The # of Helium atoms needed to be fused from Hydrogencansume the
remaining mass difference between the decayingeugqon and the final cs-proton

(1.647328000 10%'kg):
1.64732800" 10%"kg/4.842311318 10 2%kg
= 3401945666 10°°Helium atoms required.

The cs-proton contain8.401945666 10°°Helium atoms with the rest of its
mass attributed to Hydrogen (Table 3).

Mass of Helium in the cs-proton:

(3.401945666 10°°)(4.002601932(0.001)/(6.0221415 10?%)
= 2.261095043 10°%kg.

Table 3.Chemical composition of idealized cosmic scaleqgro

Element # of Atoms ‘ Mass (kg) | % Mass
Hydrogen 1 05365562610°7 1.76352954510°°  88.635652

Helium 3401945666 10°° 2.26109504310%° 11.364348

1.9896390510%°  100.000000

3. Cosmic Scale Proton Central Pressure and Tempdtae Estimate

3.1. The pressure and temperature at the Sun’s ceat

P, = 19G(Suns Mass)z/(Suns radius)*, (2)
G = 66742 10 "'Nm?/kg?,

Mg = 199" 10°%g,
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Ry = 696" 10°m,
P. = 214" 10°p,.
P, = nekTe, (2)

M. = mean particle mass at the Sun’s center is averaged ions and

electrons,
ne = centraldensit)/(mc) =150y/cm*/15” 10 2%g = 10" 10%2m3,
k = 1.3806505 10" 23 J/K ,

T, = centraltemperatue = 15° 10°K.

3.2. The pressure and temperature at a cosmic scgleoton’s center

Let the cosmic scale beta decay of a cs-neutronnéthdmostly Helium formed
in the core of the cs-proton.

Central pressure,
P. = 19G(1.98963905 10°%kg)?/(3.788566 10Pm)* = 2.4366995 10'Pa.

Let the central Helium atoms have their two elatdrper atom exist in their Is-
plasma phase. The translational kinetic energiesheftwo electrons have been
divided amongst the electron’s composite sqgs-Itoma in random directions. Thus,
an ideal sgs-iron plasma gas is formed, contractezsize until the pressure of the
delocalized electrons equal the ambient centraigure.

PV = nRT = 24587387V + 54417760V = 1.265801923 10173, (3)
Volume = 5.19473953" 10 3°m?,

radius= 2.314684 10 ’m.

Compare this Helium radius to the Helium shell vadof ~1" 10 2m in the
Radon atom.

Helium atomic mass (4.002601932mu) (1.66053886 10 %’kg/amu)

= 6.646476049 10 2'kg.
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The Helium atomic density at the core of the cggmo
r =1.27946281" 10° kg/m°.
P, = ncKTg,
m, = 6.646476049 10 2 kg/3 = 2.215492016 10 %’kg,

ne = (1279462811 10° kg/m® )/m, = 5775072993 10**m3,

k =1.3806505 1023 J/K,

T. = 305600K.

The cosmic scale proton’s central temperatur@d§600K. The temperature
decreases until2.725K at the cs-proton’s surface. Cs-proton’'s must be in

thermodynamic equilibrium with the microwave baakgnd radiation.
4. Proposed Origin of the Muon

Cosmic scale beta decay of a cs-neutron ends vatitlynHelium formed in the
core of the cs-proton, based on the atomic deasiti@able 4.

Table 4. Densities of Hydrogen and Helium atoms [4]

Element Radius (meters) Mass (amu Density(kg/m3)

Hydrogen ofH, 37072 10711 1.007940754  7842.6
Helium 27339 10°11 4.002601932 77650

When cosmic rayg ~ 90% protons) strike Earth’s upper atmosphere (mainly
Nitrogen and Oxygen nuclei) many pions are reledlsatiquickly decay into muons.

The muon’s mass i4.88353140 10 28kg [4], which is11.261% of the proton’s

mass. Thel.90082550 10 28kg of sqgs-Helium roughly calculated to exist in a
proton is extremely closel00.9%, to the muon’'s mass. It is proposed that the
collision of a high energy proton and a Nitrogen@xtygen nucleus are releasing
coated sgs-Helium cores from protons, the pionsis@er the high energy head on
collision of two protons (Figure 2). Tremendousdsnpression shock waves start at
the proton-proton contact point and travel inwaassl rebound off the Is-Helium
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cores. The net effect must be rapid sgs-fusion fegsH, to higher sgs-masses.

The freed sgs-Helium core plus this extra sqs-fusiass “coating” constitutes the
charged pion mass. The charged pion then sheds|stéusion mass layer and the
sqgs-Helium fuses to sgs-Iron, the muon. Helium € zexo spin and pions have zero
spin.

Figure 2. Protons colliding create pions.

Let all the available Helium in the core of an ililged cs-proton fuse to Iron:
(3.401945666 10°°He atoms)/14 = 2.42996119 10°* Iron atoms.
Mass of fused Iron:

(242996119 10°*Iron atoms) (55.84514562(0.001)/6.0221415 1073
= 2.253377 10°%kg.
Cosmic scale muon mass(1.88353140 10 %®kg) (1189533197 10°7)

= 2.240523 10%kg.

This mass of fused Iron equals 100.6% of the csrsumass.
5. Fractal Gravity

5.1. Lilliputian scale gravity

Modern Physics and Fractal Physics Theory (FPTgrdiv significantly on this
point. FPT calculates the gravitational forces ket quantum scale objects as
measured in the human scale to be vastly stromhger gravitational forces between
these same quantum scale objects calculated by i &tgysics.

FPT proposes that the gravitational const@ntin not scale invariant. To
accurately depict gravitational forces between et a larger gravitational constant
is required [1]. The gravitational force, the Caulic force and the magnetic force
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have equivalent scaling fracta(¥).

¥Fgravity = ¥Fcoulomb = ¥Fmagnetic = ¥Masg¥Length
= (1189533 10°7)/(3.788566 10°%) = 3.139797 10°°
or more succinctly¥Fy = ¥Fc = ¥Fy = ¥M/¥L = 3140 10°%  (4)
Consider the equatiors = ma = Grqmz/rz. (5)
Rewritten, from the Principle of Scalativity [1¥F = ¥M ¥a = ¥G¥ M 2/¥ L2, (6)
where¥a = ¥L/¥t? = ¥L/¥12 =¥’ L
Then by substitutio¥M ¥a = ¥M¥L ! = ¥G¥M2/¥L2.
Solving for ¥G = ¥ L/ ¥M = ¥F ! = 3184919 103 @

Therefore the product of the gravitational forcalisg fractal and the gravitational
constant scaling fractal are scale invarig¢fy ¥G = 1. (8)

Consider the equatiors = ma = ke qz/rz. 9)
Rewritten, from the Principle of ScalativityF = ¥M ¥a = ¥kC¥Q2/¥L2 , (20)

where ¥a = ¥L'! and ¥Q = ¥ ¥2¥m¥2,
Then by substitution
¥M¥a = ¥M¥L ! = vk ¥Q?/ /¥ ?
= ¥ke (¥LY2¥MY2)2 /y12 = vk ¥L ¥M/¥L2
Solving for ¥ke = 1. (12)
Therefore the Coulomb constant is scale invariant.
5.2. Bohr Hydrogen atom[4]

Proton massm,: 1.67262171 10 kg,

Proton chargel.60217653 10 B¢,
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Electron massm,: 9.1093826 10 3kg,

Electron charge: 1.60217653 10 1°C,

Bohr radius: 5.2946541 10'11m, calculated with the reduced mass of the
system,

ke: 8987551788Im%/C?,

[GlLo: 66742 10'1tm®/(s?kg) ,

[G]. 1o: 20956 107 m®/(s%kg), where¥G =[G], /6] -
FPT agrees with the Modern Physics calculatiomef@oulombic force:

Fc = quz/r2 = 823" 10°8N attraction between the proton and electron.

Modern Physics calculation of the gravitationakfar

Fg = [Gl1omp me/r? = 363" 10°*’N attraction between the proton and electron.
FPT calculation of the gravitational force:

Fg = [G]. 1.0Mp me/r2 = 114" 10 13N attraction between the proton and electron.

The force of gravity does matter on the quantuniesdaut for the Hydrogen
atom it is still almost a million times weaker th@woulomb’s force. For heavier
atoms such as Xenon, Is-gravity may be part of 8amWaals forces.

5.3. Dineutron

Cosmic scale neutron radius:

Volume = (1992381602 10°Ckg)/(78426kg/m?) = 2540461 10°°m®,
Radius  =39289" 1Pm.

Neutronradius,r, = (39289 10°m )/ (¥Length) = 1.037" 10 1°m,
Neutronmass,m, =167492728 10 27kg,

Gl =2.0956 10%3 m3/s?kg.
1,0 g
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Two neutrons side by side as in a nucleus will eégpee a gravitational potential
energy:

Ug =-[G]. 1o (My)?/(2r,) = -2.835 1063 = - 1769V (12)

This binding energy should allow thermal neutramslter each other’s trajectories.
However, due to the conservation of angular monmentven thermal neutrons that
may start to orbit will accelerate as the distabetween them shortens. Soon their
velocities will exceed their escape velocities.

Escape velocity from the neutron,

Vescape™ ([al. 1,0 My /T )]/2 =[(2.0956’ 10%%m? / (Szkg)

* (16749 10 2" kg)/(1.037" 10 °m)]¥? = 582km/s.

Two neutrons each witlv = 2.2km/s, orbiting each other at a radiushave an

initial angular momentum:
L, = 2(1.6749 10 ?’kg)(2200m/s)r = (7.36956 10 2*kgm/s)r.  (13)
Their final angular momentur = 2m,(582000m/s)(1.037" 10 *°m)
= 20217 10 3®kgm?/s.
FromL; =L ¢, the initial farthest radius of orbit leading tdsagravitational bound

dineutronr = 274" 10 3m.
6. Proton-neutron Attraction, Charge-conduction Eletrons

6.1. Cosmic scale neutron conduction electrons

If a cs-neutron is composed of metal atoms, sonfenea electrons are free to
wander about the rigid lattice structure formedHoy positively charged ion cores. A
cs-proton’s positive charge will attract the cstnen’'s conduction electrons to the
cs-neutron’s surface adjacent the cs-proton. Acslptonductor contributes one

conduction electron per atom, so for a dense migtate are~ 1" 10?% conduction

3

electrons percm®. Half a cs-neutron’s surface area will be directediards an

adjacent cs-proton. To simplify the following cdhtions, the cs-neutron’s radius
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will be considered the same as the cs-proton’sisadli 3.788566 10°m.
Cosmicscaleneutronradius 3.788566 10°m,
%Cosmicscaleneutron's surfacearea 9.018402 10''m?,
The radiusof alcm?® sphericalvolumeis:  0.62035m,

A radius0.62035%m makesa circulararea  1.209cm?.

From geometry, the maximuii of conduction e-s available on half a cs-neutron’s
surface:

(9.018402 10" m2/1.209" 10 %m?)” (1" 1083e s/cm®)

= 7459 10**electrons potentially available.
Assume the cs-proton’s charge pulls an equal bpbsipe amount of conduction
electron charge (from the” 10* electrons available) to half the adjacent cs-

neutron’s surface, that is2.122881278 10°Celectrons [1]. With these electrons
spread evenly over half the cs-neutron’s surfaee,ahe electron surfagé density
is:

e #s = (2122881278 10°% s)/(9.018402 10'"m?)
= 2.353944 10%%2e s/m?. (14)

Is such a high electron surface density realistie8. Consider that thes? orbital in

Radon(Z = 86) contains 2 electrons and has an average diame@02 [5]. A

Surface area of radonis? orbital shell:1.2566" 10" 23m?2.
e #s = (2electrong1.2566" 10 23m?) = 16" 10?3 electrongm?.

6.2. Coulomb binding energy between a cs-proton anda cs-neutron’s
conduction electrons

The cs-proton’s charge i8.401230560 10%1C. Assume the cs-neutron’s
surface conduction electrons are spread out ew®my half the cs-neutron’s surface

with e #s = 2.353944 10°% e s/mZ. The electric fieldE of the cs-proton varies
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over the cs-neutron’s surface so an approximationdde by calculating tHe at the
center of five slab areas. In Figure 3 below, ttie blue circles drawn beyond the cs-
proton’s surface represent five electric equipaatrgurfaces all centered on the
origin of the axes, with radii as listed. Thesefblue circles slice the cs-neutron into
five slabs, but only part of the fifth slab is rémd to account forl/2 the cs-

neutron’s surface. Define Slab 1 as the area auedawithin the intersection of the
cs-proton’s equipotential equation with = 5R/4 and the cs-neutron’s surface

equation. Define Slab 2 as the area contained mititee equations; the cs-proton’s
equipotential equations with = 5R/4, andr = 6R/4, and the cs-neutron’s surface

equation. Continue to define Slabs 3 and 4, asdeanded by the appropriate three
equations, adjacent to and right of the precedialy. &~inally, define Slab 5 as the
area contained within the cs-proton’s equipotengiguiation withr = 8R/4, the

vertical line through the cs-neutron’s center, #elcs-neutron’s surface equation.
The areas of the first 4 slabs of the cs-neutroRigure 3 are calculated below
by integrating the curves through the appropriatats. For example, Slab 1 is

divided into two parts. Part | integrates the catren’s surface equation (positive Y-
axis) from x; = R to x, = intersection of cs-neutron’s surface equation esd

proton’s potential equation witlr = 5R/4. This area is multiplied by 2 (from
symmetry) to obtain the total area of Slab 1, Pdart two integrates the cs-proton’s
potential equation withr = 5R/4 (positive Y-axis) from X, to x3 = 5R/4. This
area is multiplied by 2 (from symmetry) to obtdie total area of Slab 1, Part Il. The
straight forward but tedious calculations are répaed as End Notes to this article.
Tables 5.a and 5.b calculate the Coulombic bindéngrgy between a cs-
neutron’s conduction electrons and a cs-proton.ighificant Coulomb binding
energy( - 1.7~ 1044J) is expected to occur between a cosmic scale paoidra cs-

neutron that are adjacent in a cs-nucleon if thaectdron is composed entirely of
conducting metals. This binding energy in the cassoale as measured in the human

scale is- 1.7229° 10**J. Using the energy scaling fract¥E = 1.189533 10°7, a
fractally self-similar binding energy 00.904MeV is expected to occur between a

proton and a neutron that are adjacent in a nucledhe neutron is composed
entirely of subquantum scale conducting metals.
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Table 5.a. Cosmic scale neutron slab values (areas calcukseind Notes to this
article)

M4 of conductione’s = (surface ared)” #s = 2.353944 10%2 ¢’ s/m? )
@@, Charge (C)= (# of conductiore” s/Slab)( - 1.60217653 10" 1°C)
®slab#5 = 05pR? - ( Slabs 1 through £ = 0.167729886R2

Table 5.b. Cosmic scale neutron conduction electrons andrasp coulomb
binding energylJ ¢

Slab | Ragiud? R(m) Q, Charge(c)®® Binding Energy(J)®®
1 9Rp /8 42621368 10° - 37364590 1020 - 26798489 10%3
2 11Rp /8 5.2092783 10° - 70347353 10°° - 41280760 10™
3 13Rp /8 61564198 10° - 91205964 10°° - 45286889 10%°
4 15Rp /8 7.1035613 108 - 10488676 10°1 - 45135891 10%°
S 17Rp /8 8.0507028 10° - 36318396 10°° - 1.3790193 10™

- 34012306 1021

- 17229227 10*

DR, = 3788566 10°m; the electric fieldE of the proton is calculated at the

midpoint of the surface area slab

@Q, Charge (C) from Table 5.a, column 6

®Uc = keQpQn/R ke = 8987551788Im?/C2; Q,, = 3401230560 10°'C




FRACTAL PHYSICS THEORY - NUCLEONS AND ... 37

Figure 3. Cs-proton-neutron within a larger cs-nucleon,-dirdensions.
7. Proton-neutron Attraction, Charge-induced Electiic Dipoles[6]

For the Deuteron, sgs-conduction metals are noeagd to be present in
significant quantities. However, an applied elecfi¢ld, such as that from a nuclear
proton, will distort the electronic structures afyasgs-non metals present in the
nuclear neutron. Fractal Physics Theory proposas ttie proton’s electron field
induces sgs-electric dipole moments in the nonrpgda-atoms of adjacent neutrons
and tries to align these sqgs-dipoles in the eledtald’s direction. Two charges
separated by a distances in Figure 4, constitute an electric dipole witagnitude
n = qgr, directed from the negative charge to the positivarge. Dipole moments

are measured in debye units, where 1 delbye; 3.336" 10 30cm.

Figure 4. Electric dipole or dipole moment, = qr.

Polar solvents have two notable energetic effebisnadissolving ionic solids:

1. One end of a dipole may be electrostaticallyaated to an ion of opposite
charge.

2. Polar solvent molecules reduce the strengthhef@oulombic interactions
between the ions in solution.

The potential energy in vacuum between two idhss ¢;q,/(4pegr ). (15)

In a solvent of relative permittivitg, (also called the dielectric constant, a unit less

and temperature dependent quantity) the potemteigy between two ions:
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U = qy0qo/(4pe, ), wheree, = e/ey. (16)

For example water has a relative permittively = 78 at 25°C, thus the long range

interionic Coulombic interaction energy is redudeyl 78 from its magnitude in
vacuum.

The strong nuclear force is very short range, dpeyanly over a few Fermi,
but it appears to have the same strength betweadyacent neutrons, two adjacent
protons or a neutron and a proton. The neutroniesamo net charge, yet has a
magnetic dipole moment =-1.91 \, suggesting it has some sort of charged

substructure. Consider the successes of the lidtog model of the nucleus. FPT

proposed that an ideal free neutron is composed- df19” 10°’

sqgs-Hydrogen
atoms. A large compact frozen solid collection ofdkbgen is dielectric in the
presence of electric fields. The neutron permiitivin many nuclei, is a major
component of the strong nuclear force. The neutodr@gsnucleus in between protons
play the significant polar solvent role of reducitige Coulombic repulsive forces

between the protons.

The net effect of the proton’s electric field or theutron results in the neutron’s
polarization. The polarizatioR of the dielectric equals the average dipole moment
per unit volume.

P = _,/Volume (units: cm/m® = ¢/m?). (17)
The polarizatiorP also equals the surface charge density on oppesds of a
polarized bulk medium.
P =s = surface charge/(surface area on opposite endglofriedium).

Non polar molecules may acquire a dipole momentnirelectric field as long as the
electric field is not too strong:

Induced = aE*, (18)

where a is the polarizability of the molecule, units sz/N. E* is the electric

field at the location of a molecule inside a bulkdium. This molecule experiences
the appliedE, and an additionak arising from the induced charges on the bulk
medium’s opposing surfaces:

E* = E + P/(3ep). (19)
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When E is too strong, the induced moment depends alscbBh?, where b =
hyperpolarizability.

A term often used is the polarizability volune = akc = a/(4pep), units
= 1A% =10 %%cm®.

The potential energy of an electric dipole ; and a charge,:

U =- may/(4per?). (20)

This potential energy decreases more rapi(all;/rz) than the potential energy

between two chargelsl/r ).

The deuteron is used to illustrate (Figure 5) hbw $trong nuclear force may
arise involving the attraction between a proton #edinduced sgs-electric dipoles of
a neutron (assuming no sgs-conduction electronspegsent). A free neutron’s
magnetic dipole moment is - 1.913 p. A deuteron’s magnetic dipole moment is

+0.857 . The neutron in the deuteron does not experierm®@rageneous electric

field E from the proton, but rather a fanned out coBibecause of the proton’s
spherical shape. An effect of this non homogené&oussults in an apparent increase
of the neutron’s magnetic dipole moment-d.936 . The proton contributes its

same magnetic dipole moment 6f2.793  to the deuteron’s magnetic dipole

moment.

Figure 5. Deuteron.

8. Cosmic Scale Deuteror{d™")

8.1. Neutron and proton fusion

The following nuclear reaction is observed in thienn scale:

n+t+p" ® d"+g
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Neutronmass 1.67492728 10 27kg
Protonmass  1.67262171 10" ?"kg
Reactantmass  3.34754899 10" %’kg

Deuterormass  3.34358335 10 27kg [4]
Reactant mass — (deuteron mass)
= 396564 10 kg = 3.5641395 10 3]

= - B.E.of the deuteron and also the energy of the emisedma photon.

Gamma photon frequency
= (3.5641395 10 133/(6.6260693 10 3* Js) = 53789650 10°°Hz.
Gamma photon wavelength

= (299792458n/s )/ (53789650 10°°Hz) = 55734227 10 13m.

It will take a time = (55734227 10 *3m)/(299792458n/s) = 1.859" 10"

seconds for this photon to be emitted. An antineatis not observed so sgs-
controlled thermonuclear fusion is not expectethig reaction.

A self-similar cosmic scale reaction observed ftbmhuman scale:
cs-n+cs-p” ® cs-d* +cs-
Cs-neutronmass  1.99238160 1030kg

Cs-protonmass  1.98963905 1030kg
Reactantmass 3.98202065 10°°kg

Cs-deuteron mass:
(334358335 10 ?'kg) (¥Mass= 1.1895331%" 10°') = 3.97730339 10°%kg.

Reactant mass — (cs-deuteron mass)

= 4717260 10°'kg = 4.239662 10*4J

= - B.E. of the cs-deuteron and also the energy of thetetnits-gamma photon.
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Cs-gamma photon frequency

= (4.239662 10““3)/([h]lo = 2.986120904 10%7Js) = 14197891 10 3Hz.

Cs-gamma photon wavelength

= (299792458n/s )/(1.4197891 10 3 Hz) = 21115281 10'm.

It will take a time = (21115281 10M'm/(299792458n/s ) = 11.7 minutes for this

cs-photon to be emitted. A cs-antineutrino is ndisesved so controlled
thermonuclear fusion is not expected in this reactiA stellar thermonuclear
explosion could take place in 11.7 minutes. Tharsoscale gamma photon energy
will be approximated to result from the release godvitational and Coulombic
binding energies.

8.2. Cs-deuteron inter-nucleon gravitational bindig energy

Let the cs-neutron in the cs-deuteron carry hadf ¢h-deuteron’s mass and be
composed of 100% Hydrogen molecules. The mass efcthneutron in the cs-

deuteron is therr 1.9886517 1030kg.

Ug = - (66742 1011 Nm?/kg? ) (19886517 10*°kg)?/(23.788566 10°m)

= - 34834679 10*1J.

8.3. Cs-deuteron inter-nucleon Coulombic binding egrgy

If an H, molecule has mass 2.015881%amu = 3.3474496 10 27kg, then

the cs-neutron in the cs-deuteron is composes.8407965 10°° H, molecules.
Let the radius of the cs-neutron and the cs-protonthe cs-deuteron both

= 3788566 10°m, with each having a volume 2.2777874 10?°m3. The cs-
neutron is assumed to have a constdp# density= 2.6081436 10°° H2/m3.

The proton’s electric fieldE is not constant through the neutron’s interiore Th
following slab integration technique approximathe E at various volumes of the
neutron. In Figure 6, the eight blue circles draveyond the cs-proton’s surface
represent 8 electric equipotential surfaces altered on the origin of the axes, with
radii as listed. These 8 blue circles slice tha@sgtron into 8 slabs. Define Slab 1 as
the area contained within the intersection of theton’s equipotential equation
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with r =5R/4 and the cs-neutron’s surface equation. Define Zlads the area
contained within three equations; the cs-protontpiigotential equations with
r =5R/4, and r =6R/4, and the cs-neutron’s surface equation. Continue to

define Slabs 3 through 7, sequentially, as areamdexd by the appropriate 3
equations, adjacent to and right of the precedialy. &~inally, define Slab 8 as the
area contained beyond the cs-proton’s equipoteatjahtion withr = 11R/4 and
within the cs-neutron’s surface equation.

The areas of each of the 8 slabs of the cs-neutrdfigure 6 are calculated
below by integrating the curves through the appededimits. Slab 1 is divided into

two parts. Part | integrates the cs-neutron’s serfaquation (positive Y-axis) from
X = R to X, = intersection of cs-neutron’s surface equation gidon’s potential

equation withr = 5R/4. This area is multiplied by 2 (from symmetry) tot@ib the
total area of Slab 1, Part |. Part two integratesds-proton’s potential equation with
r =5R/4 (positive Y-axis) fromx, to X3 = 5R/4. This area is multiplied by 2
(from symmetry) to obtain the total area of Slab Pigrt Il. Calculations are
reproduced as End Notes to this article.

Figure 6. Deuteron in 2-dimensions.

Tables 6.a and 6.b calculate the Coulombic bindimgrgy in a cs-deuteron occurring
between the cs-proton and the induced electriclel§pio the cs-neutron. The electric

field inside the cs-neutrofe* is underestimated to equal the cs-proton’s electri
field E.

The Hydrogen molecule polarizability volunge = 0.819" 10 0,3 [4].
H,a = a'/ke = (0819" 10 3°m3)/(8.987551787 10°)

= 0112604 10" *'C? m/N.
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The relative permittivity (dielectric constant) lafuid molecular hydrogen [4]:

e, =12792 attemperature 1352K and pressure 0.1MPa,
e, =124827 at temperature 15K and pressure 0.1MPa,
e, =126198 at temperature 20K and pressure 10MPa,

at the extremely high pressures within a cs-neuttwrelative permittivity oH, is

hereby estimated as = 14.

Table 6.a. Cosmic scale neutron slab values for cs-protomdad electric dipoles
(e, =14)

W# of H, molecules/Slab
= (Slab volume)(H,# density= 2.6081436 10°°H,/m?),

Slab volume = (Table 6.a, column 3 cdlB.2777874 10°°m3)/4.188790204

@Radius for the electric fiel@ of the proton is calculated at the midpoint of the

neutron’s slab areaR = 3.788566 18m.

®Q, = cs-proton charge: 3.401230560 10°'C;

e = (e = 8854187817 10 12C%/Nm? ) (e, = 14).
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Table 6.b. Cs-neutron slab energies for cs-proton inducedctride dipoles
(e, =14)

1 molecule ofH, 1 molecule ofH» of Hp

Slab Mnduced = aE(Cm)(l) U=-ie(Q) U=-iE (J)(z)

1 1.0953103 10 26 - 13165333 10" 1? - 42960635 10*3

2 7.3322427 10°%7 - 58997167 10" 13 - 36245785 1073

3 5.2497122 10 %7 - 30243252 10718 - 24089641 10™

4 3.9431172 10°%7 - 17062272 10°13 - 15629178 103

5 3.0699009 1027 - 1.0342040 10°13 - 1.0068847 10™

6 24576215 10" %7 - 6.6280763 1014 - 63530633 10%?

7 20117945 10" %7 - 44414494 101 - 37430069 102

8 16771292 10 %7 - 30866725 10" 1 - 15826645 10
- 14067282 10*

ME from Table 6.a, column 7 cely = 9112604 10 **c2m/N,

@ of H, Energy = (Table 6.a, column 4 cell)(Table 6.bucuh 3 cell).

8.4. Summary of cs-deuteron binding energies

Cs-deuteroninter-nucleonCoulombicB.E.
Cs-deuteroninter-nucleongravitatianal B.E.

= -1.4067282 10*J
=-3.4834679 10*1)

Total cs-deuteroninter-nucleonbinding energy

Total cs-deuteronbinding energy
Total cs-deuteroninter-nucleonB.E.

=-1410212 10*J

= -4.239662 10*J
=-(-1.410212 10*4))

Cs-deuteronintra-nucleonfusion B.E.

=-2.829450 10**J

When four Hydrogen atoms fuse into a Helium at@i352052374 10° 23 is
released. To radiate the remaining energ$29450 10*J, 6.5014153 10°°

Helium atoms must be fused from6005661 10°° Hydrogen atoms.
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Table 7 lists the cs-deuteron idealized chemicalpsition.

Table 7.Chemical composition of idealized cosmic scaleteleun

Element # of atoms Mass (kg) % Mass
Hydrogen 1983049354 10°7 3319078872 1030 83.450
(1.007940754)
Helium 99033610 10°° 6582245182 102° 16.550
(4.002601932)

397730339 10°°  100.000

9. Cosmic Scale Deuteron - Deuteron Collision

Consider the reactiord™ +d* ® t*(101MeV) + p*(302MeV).

The deuteron-deuteron collisions illustrated inufgg 7 reproduce the two major
branches observed; formation of the triton 50% h& time and formation of the
helion 50% of the time.

Reaction mass difference:

2(csd*) = 2(397730339 103%g)
- (est*)= - 5.95641633 10°%kg)
- (csp*)= - 1.98963905 10°°kg)
Total Dm = 8551° 10°’kg = 7.685" 10%4J;

the kinetic energy that the cs-triton and cs-prctioare.

There are no cs-neutrinos or cs-gamma photonsdadlin the cs-triton fusion
reaction, yet a lot of mass is converted into timetic energy of the cs-triton and cs-
proton. It is reasonable to propose that the twilidong cs-deuterons trigger a
thermonuclear explosion which launches a cs-pratamne direction and recoils the
cs-triton in the other. The ejected explosion gasgdasma material remains bound
to the product cosmic scale nuclei, eventually iogpand settling on them.
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Figure 7. d* + d* collisions (blue proton and brown neutron).
10. Cosmic Scale Triton(t")

10.1. Cs-triton total binding energy

2(Csneutron) = 2(1.99238160 10°°kg
Csproton = 198963905 10° kg
Reactantnass = 597440225 1030kg

Cs-triton mass5.95641633 10%kg,

Reactantmass- (cs-triton mass)=1.798592 1028kg =1.61649382" 10*°)

= - B.E. of the cs-triton. Figure 8 depicts the proposeduged dielectrics of the
triton.

Figure 8. Triton, E field lines, S=-12+1/2+12=12; =2122+ 2793
-1.936= 2.979; Red fill: negative dielectric; Blue fill: positivdielectric.



FRACTAL PHYSICS THEORY - NUCLEONS AND ... 47

10.2. Cs-triton inter-nucleon gravitational binding energy

Approximate each nucleon mass in the triton by:

(t*masd 3 = 1.98547211 10°%g.

Let the cs-proton’s radius = the cs-neutron’s radir = 3.788566 10®m and the
distance between the two cs-neutron centers be 4

Gravity potentiall =Uy.p Uy n2 +Unpo. p,
whereU . , =Uno. p,
Ug =-2Gn? /(2r) - Gn? /(4r)
=-6.944675 10*13+-1.736169 10" = -8.680844 10MJ.  (21)

10.3. Cs-triton inter-nucleon Coulombic binding enegy

The cs-proton would induce electric dipoles in bodmeutrons providing a total
charge-dipole Coulomb energy in the cs-triton deuttlat calculated for the cs-
deuteron in Table 6.b.

Uc = 2( - 14067282 10*4J) = - 28134564 10%4.

10.4. Summary of cs-triton binding energies

Total cs-triton binding energy: - 1.61649387 1053
Total cs-triton inter-nucleon B.E.: - (- 28221372 10%4))
Cs-triton intra-nucleon fusion B.E.: - 1.3342807 10%°]

When four Hydrogen atoms fuse into a Helium atof852052374 10 23 s
released. To radiate the remaining enelg$342802 10*°J, 3.0658643 10°°
Helium atoms must be fused froh2263457 10°’ Hydrogen atoms.

Table 8 lists the cs-triton idealized chemical cosifion.

Table 8.Chemical composition of idealized cosmic scalk®tri

Element amu # of atoms Mass (kg) % Massg

Hydrogen 1.007940754 22062094 10°7 36925874 103° 61.993

Helium 4.002601932 34060589 10°8 22638289 1030 38.007
595641633 10°° 100.000
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11. Cosmic Scale Triton Beta Decay

Consider the reactiort™ ® 3He?" + e + antineutrino.

Cosmic scale beta decay is viewed in the humare sab star radiating while fusing
Hydrogen to Helium to Iron.

Cs-triton = 5.95641633 1030kg

Cshelion= - 5955293438 10%%g

Cselectron= - 1.083591301 1027kg

Massdifference  3.9300699 10°°kg = 3.532170675 10*2J

This cs-electron requires the fusion bi68506245 10°?Iron atoms from the cs-
triton’s Hydrogen.

Hydrogen 56*1.007940754 amu: 56.44468222 amu
Iron 1*55.84514562 amu: —55.84514562 amu
0.59953660 amu = 8.94759153" 10" 113

Fusing a cs-electron’s Iron from Hydrogen releadd$45531659 10%2J. This

leaves3.532170675 10%2J - 1045531659 10*2J = 2.486639 10*2J for product
kinetic energies and additional cs-antineutrinorgye

12. Cosmic scale heliorf{*He?")

12.1. Cs-helion total binding energy

2(Csproton) = 2(1.98963905 10°’kg)
Csneutron = 1.99238160 10°%kg
Reactanmass = 5.97165970 10°°kg

Cs-helion mass5.955293438 10%Ckg.
Reactant mass — (cs-helion mass)
=1.6366262 10°kg = 1.47092623" 10*°J = - B.E. of the cs-helion.
12.2. Cs-helion inter-nucleon gravitational bindingenergy
Approximate each nucleon mass in the helion by:

(*He?*masgy / 3 = 1.985097813 10°%kg.
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Let the cs-proton’s radius = the cs-neutron’s radiv= 3.788566 10°m and the
distance between the two cs-proton centersrbe 4

Gravity potentiall =U 1. p +U . po +Up. po,
whereU ., =Up. 2,
— 2
Ug =-2Gn? /(2r)- G /(4r)
= -6.942057 10*1J+-1.735514 10*1J = - 8.677571 10*J. (22)

12.3. Cs-helion inter-nucleon Coulombic binding engy

The cs-protons induce electric dipoles on bothssifethe cs-neutron providing
a total charge-dipole Coulomb energy in the cselmetiouble that calculated for the
cs-deuteron in Table 6.b.

Uc = 2( - 14067282 10*4J) = - 2.8134564 10%4J.

The cs-helion inter-nucleon cs-neutron dielectriffe@ on cs-proton-proton
Coulombic repulsion is estimated:

Uc =QuQp2/ (4pege,* 4r) = ke (34012306 1071C)? /(14 4 3.788566 10°m)

= 490061592 10%3J. (23)
12.4. Total cs-helion inter-nucleon binding energy
Cosmic scale helion inter-nucleon gravitationalding energy: - 8677571 10%
Cosmic scale helion inter-nucleon Coulombic bindeéngrgy: - 28134564 10

Cosmic scale helion inter-nucleon Coulombic refuignergy: 490061597 10°3]

- 23320724 10

12.5. Summary of cs-helion binding energies

Total cs-helion binding energy: - 1.47092623° 10753
Total cs-helion inter-nucleon B.E.: - (- 23320724 10%4))
Cs-helion intra-nucleon fusion B.E.: - 1.2377190 1053

When four Hydrogen atoms fuse into a Helium atdi852052374 10° 23 s
released. To radiate the remaining enedg2377190 10%J, 2.8439892 10°°



50 LEONARD J. MALINOWSKI

Helium atoms must be fused froh1375957 10°’ Hydrogen atoms.

Table 9 lists the cs-helion idealized chemical cosifon.

Table 9. Chemical composition of idealized cosmic scaléadmel

Element amu | # of atoms | Mass (kg) | % Mass

Hydrogen | 1.007940754 5 qcgseat 1087 36128238 103° 60.666

Helium 4.002601932 35943783 1076 23424696 103° 39.334
5955293438 100 100.000

13. Cosmic Scale Alpha Particlg *He?")

13.1. Cs-alpha particle total binding energy
Arbitrarily, the assumption is made here that thentic scale alpha particle is

not composed of any conduction atoms.

Alpha particle mass6.6446565 107 27kg [4]

2(Csproton) = 2(1.98963905 10°’kg)
2(Csneutron) = 2(1.99238160 10°°kg)
Reactantmass = 7.96404130 10°%kg

Cs-*He?" mass 7.90403948" 10%kg.

Reactant mass — (@&-particle mass)

= 6.0001811 10°8kg = 5.39269383 ~ 10%°J = - B.E. of the cs-alpha particle.

Figure 9 depicts the alpha particle configuratisedito estimate its binding energy.

Figure 9. Alpha particle.
13.2. Cs-alpha patrticle inter-nucleon gravitationabinding energy
Approximate each nucleon mass in the alpha partigie 0.25(alpha mass)

=1.976009872 1030kg. Let the cs-proton’s radius = the cs-neutron’s uadi =
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3.788566 10°m. Based on Figure 9, the distance between the tvpwatsn centers
is 3.5.

Gravity pOtentialU =U pl- nl +U pl- n2 +U pl- p2 +U p2- nl +U p2- n2 +U nl- n2»

whereU . g =Upgn2 =Up2-m =Up2.n2 =Un n2-
Therefore

Uy =-5Gn? /(2r) +-Gn? /(35r). (24)
Ug = - 1719659993 10*23 + - 1.965325707 10*1J = - 1.916192564 10%4J.

13.3. Cs-alpha patrticle inter-nucleon Coulombic biding energy

Based on Figure 9, each cs-proton would inducelel§pand attract half of each
cs-neutron towards it. A reasonable estimate sumasfitst 4 slabs from the cs-
deuteron calculation from Table 6.b, which total4.1892524 10*4], reproduced
in Table 10 below.

The total estimaté) ¢ = 4 ( - 1.1892524 10%*4J) = - 47570096 10™J.

Table 10. First 4 slabs from Table 6.b cs-deuteron inducéettec dipoles
(e, =14)

Slab Mnducd = @aE(Cm) U =- 4E (Joules) U =- 4E (Joules)
1 10953103 1026 - 1.3165333 10712 - 42960635 10%3
2 73322427 1027 - 58997167 10°13 - 36245785 10%3
3 52497122 1027 - 30243252 10°18 - 24089641 10™3
4 39431172 1027 - 17062272 1013 - 15629178 10%

- 11892524 10*

The Cs-“He?* inter-nucleon cs-neutron dielectric effect on ostpn-proton

Coulombic repulsion is estimated:
Uc = QplQpZ / (4pege,* 35r)
= (k¢ ) (34012306 10?'C)? /(14 35:3.788566 10°m)

= 5600703909 10%3J. (25)
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13.4. Total cs-*He?* inter-nucleon binding energy

Cosmicscale*He?* inter-nucleongravitatimalbindingenergy
Cosmicscale*He?* inter-nucleonCoulombicbindingenergy
Cosmicscale*He?* inter-nucleonCoulombicrepulsionenergy

- 1.91619258 " 10*2J
- 47570096 10%4)
5.60070399 " 10*3J
- 4.21610118" 10*4J

13.5. Cs*He?" intra-nucleon fusion binding energy

Total cs*He?? binding energy: - 5.39269382" 10*°)

Total cs*He?* inter-nucleon binding energy: - ( - 4216101135 10%4J)

- 4.97108372" 10™J

When four Hydrogen atoms fuse into a Helium at@gn352052374 10° 23 s
released.

Available Hydrogen to fuse:

2(csprotons)
2(csneutrons) =

2.10731128" 10°'Hydrogenatoms
2.380775632 1057Hydrogenatoms
4.488086884 1057Hydrogenatoms

Hydrogen from the 4 cs-nucleons can fore22021721 10°" Helium atoms
releasing4.883097295 10%°J.
Total requireck:s—"’He2+ intra-nucleorfusionB.E..

- 4.97108372" 10™°J
Availablefrom fusingall Hydrogen b HeliumB.E.:

- (- 4.88309728" 10*%J)
- 8.7986429 10*3)
At this point consider the cs-Helium 4 nucleus asposed of 100% Helium atoms.

2(csprotons) =  6.80389133° 10°°Heliumatoms
FusedHelium = 1122021721 10°’Heliumatoms

1.19006068" 10°’Heliumatoms

Let 3 Helium atoms fuse to form one Carbon 12 atom.

Reactants: 3(4.002601932 amu) =12.0078058 amu
Product:

=12.0000000 amu

Energy released: =0.0078058 amu — 1 1649516 10 123
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To radiate the remaining enerd7986429 10%%3, 7.5527970 10°°Carbon 12

atoms must fuse fron2.2658391 10°°Helium atoms. Table 11 lists the cs-alpha
particle idealized chemical composition.

Table 11.Chemical composition of idealized cs-alpha pasticl

Element # of atoms Mass (kg) % Mass

Helium 96277093 10°° 6.399033936 10%° 80.959
(4.002601932)

Carbon 75527970 10°° 1505005553 10%° 19.041
(12.000000)

7.904039489 1030 100.000

At the high pressures inside a cs-alpha partidie, 19% Carbon is in the
diamond crystal form.

14. Cosmic Scale Carbon 12 NucIeL(§ZC6+)

14.1. Cs-Carbon 12 nucleus total binding energy

Carbon diamond Type | has a dielectric constept= 587 at 300K [4].

Arbitrarily, the assumption is made here that thentic scale Carbon 12 nucleus is
composed primarily of Carbon with 10% Magnesium. ditain the Carbon 12
nuclear mass the masses of 6 electrons must beasigat, while the mass equivalent
of the 6 ionization energies must be added (TaBje 1

Carborl2atomicmass.  121.66053886 10 2'kg = 1.99264663 10 %°kg

Six electrormasses 69.1093826 10 31kg = - 546562956 10 30kg
Six I.E.massquivalens : 1.83633 10 33kg
Carboril2nucleamass: 1.99210028" 10 26kg

Cosmic scalé®’C®* mass:2.369669383 1031kg

6(csproton) =  6(1.98963905 10°°kg)
6(csneutron) =  §(1.99238160 10°°kg)
Reactantnass: 2.38921239 1031kg

Reactant mass (Cs-*?C®"masg = 1.9543007 10°°kg
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=1.7564379 10%6J = - B.E. of the Cs-12C6*,

Table 12.Carbon atom ionization energies [4]

Electron # Energy (eV)
11.2603
24.3833
47.8878
64.4939
392.087
489.9933

o g b WN PP

1030.1056 eV= 1.8363299 10 33 kg

14.2. Cosmic scalé?C®* inter-nucleon gravitational binding energy

The total gravitational binding energy of a cosstale’?C®* mass is:

Utotalg = - G(2.369669383 10°'kg)? / R = - 36007382 10723,  (26)
G = 66742 10 1INm? / kg?,
R = 12fm(12)/3¥L = 1.0408381 10°m.

Only the gravitational binding energy of the 12negleons, not the entire mass,
is desired. The average gravitational binding epefdlL cs-nucleon of the cs-Carbon
12 nucleus:

Unucieorg = - G(2.369669383 10°%kg /12)? /3788566 10° m

= - 6.8696938 10*1J. (27)
Utotalg = - 36007382 10%3)
-1AUnycleong) = - 12 - 6.8696938 10*1)

- 27763749 10*J,cosmic  scale 2c8* inter-nucleon
gravitational binding energy

14.3. Cosmic scale?®C®' inter-nucleon cs-neutron dielectric effect on cs-

proton-proton Coulombic repulsion

Figures 10.a, 10.b, 10.c are used to calculateinter-nucleon Coulombic
energies. The six cosmic scale protons in the eba@al2 nucleus will have the
following 15 interactions:
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Upt- p2 +Up1 p3 *Upio pa *Upi ps U pe +U 2 pg + U po- pa +U pa. ps

+Up2- p6+Up3- p4+Up3- p5+Up3- p6+Up4- p5+Up4- p6+Up5- p6-

Figure 10.a.Carbon 12 nuclear structure, top-down view. Lettthp layer be placed

directly above the bottom layer with protons 4-@&wabthe 3 outer neutrons of the
bottom layer.

Figure 10.b.Carbon 12 nuclear structure, side view.
From Figure 10.a symmetry these 15 interactionsaedo 4 calculations:
A. In these four interactions, the intervening specthe cs-neutron,
Upt- p2 =Upt p3 =Up2- p3 =U pa ps
Uc = #KcQp® / (erx) = 4 (1335772653 10%%))
= 5343090612 10%3J, (28)
x = 35(3.788566 10°m), Q, = 3401230560 10°'C,

e, = 587, Kc =8987551788im2 /C2.

B. In these two interactions, half the space isivatand half the space is the cs-
neutron,U p4. p5s = U ps. pe-
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Uc = Kc(05Qp)? /[(er =1)(35)(3.788566 10Pm)] = 1.960246368 10%3)

Uc = Kc(05Qp)? /[(er = 587)(35)(3.788566 1(Pm)] = 3.339431632 1072J

= 2.29418953" 1073J

Uc = 2KcQp? /(e x) = 20(2.294189531 10%2J) = 4.588379062 10%%J. (29)

C. Refer to Figure 10.b, to determine = (8)1/2 R, Uppa=Upps =

U p2- pa =Up2- ps =Up3 p5 = U ps. pe-
Uc = 6KcQp’ /(e x) = 8K cQp” / (EVER) = 5821634699 10™J. (30)

D. Refer to Figure 10.c, to determine = (20Y2R, U p1- p5 = U p2- pe
=Up3- pa-

Uc =3KcQp? /(erx) = 3K cQp? / (587 V20R) = 3136222377 107%1.(31)

Total Coulombic repulsion in cs-Carbon 12 nuclej.p = 7.128403904 10%4.

Figure 10.c.Carbon 12 nuclear structure, side view.

14.4. Cosmic scalé?C®* inter-nucleon Coulombic binding energy

From Figure 10.a, six protons have 18 direct cdargadaces with six neutrons
and 6 more distant contacts with six neutrons.thetlow density Magnesium metal
be at the cs-neutron surfaces to provide cs-newwoduction electron bonding with

the cs-proton. The binding energyl1.7229222 10%4] per bond is taken from
Table 5.b for 18 bonds. The same binding energypad for 6 bonds is reduced by

1/(~8 - 1) by replacingRy, in Table 5.b byr = Rp(«/g - 1), the effect from the

gap between these 6 protons and 6 neutrons (Fligucg.
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U = (18f( - 1.7229222 10™) =-3.1012600 10*°J
Uc = (6)( - 1.7229222 10*4J/(V8 - 1) = - 56537846 10*4J
Total Coulombic binding energy in cs-Carbon 12— _3 5666385 10%°J
nuclei

14.5. Total cosmic scalé’C®* inter-nucleon binding energy

Cosmicscale!?c>* inter-nucleongravitaticmalbindingenergy - 27763749 10%33
Cosmicscale'’c®* inter-nucleonCoulombicbindingenergy - 3.6666385 107
Cosmicscale'?c®* inter-nucleonCoulombicrepulsionenergy ~ 7.1284039 1043

- 2.9815619 10%°J

14.6. Cosmic scalé?C®* intra-nucleon fusion binding energy

Totalcs2c®* bindingenergy - 1.7564379 10%°J
Totalcs*2C®* inter-nucleonB.E: - ( - 29815619 10%°J)
Cs1?C®* intra-nucleorfusionB.E.: - 1.4582817 10%J

Let 24 Hydrogen atoms fuse to form one Magnesiurata.

Reactants 24(1.00794078 amu) = 24190578 Aamu
Product = 23.985041amu
Energyreleased = 0.2055364mu = 3.0674620 10 1]

A Magnesium mass of2.3696694 1030kg contains 5.9497434 10°°
Magnesium 24 atoms, which requires the fusion1af279384 10>’ Hydrogen
atoms, releasing.8250612 10%°J.

Cs-12c%" intra-nucleonfusionB.E: - 1.4582817 10%J
FusingHydrogen o Magnesium - (- 1.8250612 10*°J)
Remainingenergy taccounfor: - 1.2757755 10%J

Let 12 Hydrogen atoms fuse to form one Carbon aghat
Reactants 12(1.00794078 amu) =12.095289@mu
Product =12.000000amu

Energyreleased = 0.095289mu = 1.4221101 10 11y

To radiate the remaining enerdy2757755 10%J, 8.9710037 10°¢ Carbon
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12 atoms must be fused. Table 13 lists the cs-@atlonucleus idealized chemical

composition.

Table 13.Chemical composition of idealized cosmic scHie®*

Element amu # of atoms Mass (kg) % Mass
Hydrogen 1.007940754 1.2512975 10°7 20943276 1030 8.84
Helium 4.002601932 0411674 10°®  1.3566570 1030 572
Carbon 12.0000000 8.9710037 10°8 1.7876040 1031 75.44
Magnesium 23.9850417 5.9497434 10P° 23696694 103° 10.00
23696694 103t 100.00

This trend of fusing larger, more energeticallybf#anuclei to account for the
binding energies of more energetically stable cosstale nuclei is expected to
continue. As a final example, the cosmic scaleeanrcbinding energies of one of the
most stable nuclei, Iron 56, will be examined.

15. Cosmic scale Iron 56 nucleug®®Fe?®*)

15.1. Cs-Iron 56 nuclear binding energy

To obtain the Iron 56 nuclear mass the masses oflg6étrons must be
subtracted, while the mass equivalent of the 2ézaion energies must be added
(Table 14).

Iron56atomicmass

26electrormasses

55.934937&amu =
26:9.1093826 10 3lkg =
261.E.massequivalens:

9.28821373" 10 %®kg
- 2.3684395 10 *°kg

6.16882 10 3%kg
9.28585148° 10" “%kg

Iron56nucleamass

Cosmic scale*®Fe?®* mass:1.104582858 10%%kg

26(csproton) =  26(1.98963905 10°°kg)
30(csneutron) = 30(1.99238160 10°%kg)
Reactantmass 1.115020633 1032kg

Reactanmass (c;=r56Fe26+ mass)=1.0437775 1030kg =0.38100438" 10*) = - B.E.
of the cs->6Fe?%*.
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Table 14.Iron atom ionization energies [4]

e # Energy (eV) e # Energy (eV) e # Energy (eV)
1 7.9024 10 262.1 19 1456

2 16.1877 11 290.2 20 1582

3 30.652 12 330.8 21 1689

4 54.8 13 361.0 22 1799

5 75.0 14 392.2 23 1950

6 99.1 15 457 24 2023

7 124.98 16 489.256 25 8828

8 151.06 17 1266 26 9277.69
9 233.6 18 1358

of 26 I.E. = 34604528eV = 6.16882 10 3?kg

15.2. Cosmic scal@®Fe?®* inter-nucleon gravitational binding energy
The total gravitational binding energy of a cosstale *°Fe?®* mass is:

Utotal g = - G(1.104582858 10°%kg)? /R = - 46817732 10%3,  (32)
G =66742 101 Nm? /kg?,

R = 12fm (56)Y3¥L =1.73934388" 10°m.

Only the gravitational binding energy of the 56negleons, not the entire mass,
is desired. The average gravitational binding epnefdlL cs-nucleon of the cs-Iron 56
nucleus:

Unucleong = - G(1.104582858 10°%kg / 56)° /3.788566 10°m

= -6.8540127 10*4. (33)
Utotalg = - 46817732 10*J
-56(Unucieong) = - 56( - 6.8540127 10*1)

- 4.2979485 103, cosmic scale®Fe?®* inter-
nucleon gravitational binding energy.

15.3. Cosmic scal@®Fe?®* intra-nucleon fusion binding energy

The Iron 56 nucleus is one of the most energeyicalible nuclei. Presume the
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cosmic scale Iron 56 nucleus is composed entirelsoao 56 atoms.

Let 56 Hydrogen atoms fuse to form one Iron 56 atom

Reactants 56(1.007940754amu) =56.4446822amu
Product =55.9349375amu
Energyreleased =0.5097447amu=7.607521147" 1013

Available Hydrogen to fuse:

26(cs-proton) 26(1.053655626  10°’ Hydrogenatoms
30(cs-neutron) 30(1.190387816  10°’ Hydrogeratoms)
TotalHydrogeravailable =6.310668076 10°® Hydrogenatoms

All available Hydrogen can forg#.126905014 10°"Iron 56 atoms, releasing
8.5729537 10%°J.

Let 14 Helium atoms fuse to form one Iron 56 atom.
Reactants  14(4.002601932amu) =56.0364270amu
Product =55.9349375amu
Energyreleased =0.1014895amu=1.514647465 10 '1J

Available Helium to fuse:

26(csprotons)= 26(3.401945666  10°°) =8.845058732" 10°° Helium atoms.

All available Helium can forge6.317899094 10°°Iron 56 atoms, releasing
9.5693898  10%4J.

Total Cs>6Fe?®* intra-nucleon fusion binding energy:8.6686476 10%6J.

15.4. Cosmic scal€®Fe?® inter-nucleon Coulombic binding energy

Cosmicscalé;GFeZG‘“bindingenergy. - 9.381004336 10%8J

Cosmicscale®®Fe?® inter-nucleongravitatimalbindingenergy - ( - 4.2979485 10%4J)
Cosmicscale®®Fe?® intra-nucleonfusion bindingenergy: - (- 8.6686476 10%0J)
Cosmicscale®®Fe?®* inter-nucleonCoulombicbindingenergy. - 6.6937725 10*°J

If the conducting metals of the cs-Iron 56 nuclears effective at shielding the cs-
proton-proton repulsion, then there can be

- 6.6937725 1073/ - 1.7229222 10* 3 =39

cs-proton-neutron Coulomb bonds in the cs-Iron G&eus.
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16. Conclusion

With two postulates, that the neutron is composed08% subquantum scale
Hydrogen atoms and that the mass of the pre-sgdéems is the mass of a cs-neutron,
Fractal Physics Theory appears able to calculaefrctal chemical compositions
and binding energies of all the nuclei without piteing the existence of a unique
“Strong Nuclear Force”. Most striking is the fabtat the mass loss due to fusing all
available sgs-Hydrogen and sqs-Helium from 56 sspamucleons into sqs-lron 56
must occur to obtain the mass of the Iron 56 nuclddo further sgs-fusion is
possible. The Iron 56 nucleus is one of the magilstnuclei because it is composed

entirely of sgs-Iron 56 atoms. Tables 15 and 16msarize ideal values discussed in
this article.

Table 15.ldealized subquantum scale chemical compositions

*Symbol [O]. 30 refers to an object located in the subquantumesaal observed

from the human scale.

Table 16.Fractal strong nuclear force

Particle Lilliputian Scale Lilliputian Scale Subquantum Scale|
% Gravity % Coulombic % Fusion
d* 0.08 33.18 66.74
i 0.05 17.41 82.54
32t 0.06 15.80 84.14
42t 0.04 7.78 92.18
126+ 0.16 16.81 83.03
5626+ 0.46 7.13 92.41
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17. End Notes - Calculation of the Areas of the S&bs of the cs-neutron in
Figure 3, and 8 Slabs in Figure 6

Slab 1, Part |

Equation of the proton’s electric equipotentialface: X2 + y2 =r?= (5R/4)2,

centered on the origi0, 0).

Equation of the neutron’s surface?® + y2 = 4Rx- 3R?, centered or(2R, 0),
with r = R

The two equations are solved simultaneously tordwete their intersection
point: 25R? /16 = 4Rx- 3R, Xo = 73R/64. To simplify the integration the
neutron’s surface equation is translated to ceotethe origin. Integration limits,
X = Randx, are also translated by the same amount along thaxisX by

subtracting R. Translated neutron surface equatiovl.2 + y2 = R?, y =

(R? - x2)¥2,
(a® - x? )]/zdx = 05x(a” - X2 )]/2 + 05a2 sin (x /a). [7]
Translated limits,x; = - R to X, =-55R/64, a =R
ydx@|*? = 05( - 55R/64)((R?- (- 55R/64)%)Y? + 05R? sin"X(- 55/64)
= - 02197189382 + - 0.517023074R? = - 0.73674200R?,
ydx@) 4 = - 05R(R? - (- R)2)¥2 + 05R? sin" (- 1)
= 0+-0.785398168% = - 0.785398168?,

ydx@*?|, = 0.048656156&”.

Slab 1, Part | area (0.048656156R?)(2) = 0.097312312R?.
Slab 1, Part I

Equation of the proton’s electric equipotentialfaoe: X2 + y2 =r?= (5R/4)2,
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centered on the origi0, 0).
(a® - x? )]/zdx = 05x(a” - X2 )]/2 + 05a2 sin"Y(x /a). [7]
Integration limits,x, = 73R/64 to x3 = 5R/4, a = 5R/4.
ydx@|X3 = 0+ 05(5R/4)? sin" (1) = 1.22718463&2,
ydx@| ., = 05(73R/64) ((5R/4)? - (73R/64)?)¥? + 05(5R/4)? sin” 1(73/64/ 125)

= 0.29162694R? + 0.89793306&% = 1.18956001%2,

ydx@™3|,, = 0.03762461R?.

Slab 1, Part Il area (0.03762461R?)(2) = 0.07524923R?.

Slab 1, Part | + Part 110.17256154&2.
Slabs 1 + 2, Part |

Equation of the proton’s electric equipotentialface: x? + y2 =r?= (6R/4)2,

centered on the origif0, 0).

Equation of the neutron’s surface?® + y2 = 4Rx- 3R?, centered or(2R, 0),
with r = R

The two equations are solved simultaneously torowte their intersection
point: 36R2/16= 4Rx- 3R, Xo = 21R/16. To simplify the integration the

neutron’s surface equation is translated to ceotethe origin. Integration limits,
X = Randx, are also translated by the same amount along texisX by

subtracting R. Translated neutron surface equatiorx2+y2:R2, y =

(RZ _ X2)1/2.
(a2 - xz)]/zdx = 05x(a? - xz)l/2 +05a’sin"!(x/a),

Translated limitsx; = -R to x, = - 11R/16, a=R.
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ydx@|*? = 05(- 11R/16)(R? - ( - 11R/16)? )¥? + 05R? sin" (- 11/16)
= - 0.24962587®% + - 0.37902038R? = - 0.62864626R?,

ydx@|,4 = 0+ 05R? sin”}(- 1) = - 0.78539816&7,
ydx@*?|,, = 0.15675190R?,

Slabs 1 + 2, Part | area(0.15675190222)(2) = 0.31350380&R2.
Slabs 1 + 2, Part Il

Equation of the proton’s electric equipotentialface: x? + y2 =r?= (6R/4)2,
centered on the origin (0, 0).

(a® - x? )]/zdx = 05x(a® - X2 )1/2 + 05a2 sin” (x/a),
Integration limits,x, = 21R/16 to x3 = 15R, a = 15R

ydx@|*® = 0+ 05(15R)? sin" (1) = 1.76714586&2,
ydx@|,, = 05(21R/16) ((L5R)? - (21R/16)?)¥? + 05(L5R)? sin"1(2y/16/15)

= 0.47655849R? + 1.19861529R? = 1.67517379R?,

ydx@*|,, = 0.09197207R?.

Slab 2, Part Il area (0.09197207R?)(2) = 0.183944158°.

Slabsl+ 2, Partl + Partll : 0.497447958R2
subtracSlahl: - 0.172561546R2
Slab2:  0.324886412R?

Slabs 1+ 2 + 3, Part |

Equation of the proton’s electric equipotentialfaoe: X2 + y2 =r?= (7R/4)2,

centered on the origif0, 0).
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Equation of the neutron’s surface?® + y2 = 4Rx- 3R?, centered or(2R, 0),
with r = R

The two equations are solved simultaneously tordete their intersection
point: 49R? /16 = 4Rx - 3R?, Xo = 97R/64. To simplify the integration the
neutron’s surface equation is translated to ceotethe origin. Integration limits,
X =R and x, are also translated by the same amount along taeis< by
subtracting R.

Translated neutron surface equation?: + y? = R?, y = (R? - x? )]/2.
(a® - x? )J/zdx = 05x(a? - X )J/2 + 0522 sin"Y(x/a),
Translated limits,x; =-R to x, = - 31R/64, a=R,
ydx@|*? = 05(- 31R/64) ((R? - (- 31R/64)%)¥2 + 05R? sin (- 31/64)
= - 0.21188027R? + - 0.252824318% = - 0.464704588%7,

ydx@|,, = 0+ 05R?sin"*(- 1) = - 0.7853981687,
ydx@<?|x, = 032069357&2.

Slabs 1 + 2 + 3, Part | area(0.32069357&2 ) (2) = 0.64138715&°.

Slabs 1 + 2 + 3, Part Il

Equation of the proton’s electric equipotentialface: x? + y2 =r?= (7R/4)2,

centered on the origin (0, 0).
(a® - x? )]/zdx = 05x(a% - X2 )]/2 + 05aZ sin"Y(x/a),
Integration limits,x, = 97R/64 to x3 = 7TR/4, a =7R/4,

ydx@|*® = 0 + 05(7R/4)? sin" }(1) = 2.4052818782,

ydx@| ., = 05(97R/64) ((7R/4)? - (97R/64)%)¥2 + 05(7R/4)? sin” }(97/64/ L.75)
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= 0.66298020R? + 1.60366221R? = 2.26664241%R?,
ydx@™3|,, = 0.13863945&%.

Slabs 1 + 2 + 3, Part Il area(0.13863945&2 ) (2) = 0.27727891R.

Slabsl through3, Partl +Partll:  0.91866608R?
subtracSlabsl + 2: - 0.49744798R?

Slab3: 0.42121811@R?

Slabs 1 through 4, Part |

Equation of the proton’s electric equipotentialface: X2 + y2 =r?= (2R)2,

centered on the origin (0, 0).

Equation of the neutron’s surfacg?® + y2 = 4Rx- 3R?, centered on2R, 0),
with r = R

The two equations are solved simultaneously torowte their intersection
point: 4R? = 4Rx- 3R?, Xo = 7R/4. To simplify the integration the neutron’s
surface equation is translated to center on trgirorintegration limits,x; = R and

Xo are also translated by the same amount along-#veis<by subtractingR2

Translated neutron surface equation?: + y? = R?, y = (R? - x° )1/2,
(a® - x? )]/zdx = 05x(a% - X2 )]/2 + 05aZ sin"Y(x/a),
Translated limits =-R to x,=-R/4, a=R,
ydx@|*? = 05(- R/4) = (R? - (- R/4)?)Y? + 05R?sin (- 1/4)
= -0.12103072%2 + - 0.12634012R? = - 0.24737085&?,
ydx@| 4 = 0+ 05R? sin"}(- 1) = - 0.78539816%7,
ydx@*?|,, = 0.53802730R%.

Slabs 1 through 4, Part | area(0.538027307R?) (2) =1.076054614R?.
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Slabs 1 through 4, Part Il

Equation of the proton’s electric equipotentialface: X2 + y2 =r?= (2R)2,

centered on the origin (0, 0).
(a® - x? )]/zdx = 05x(a® - X2 )1/2 + 05a2 sin” (x/a),
Integration limits,x, = 7R/4 to x3 = 2R, a = 2R,
ydx@|™® = 0+ 05(2R)? sin (1) = pR?,
ydx@| ,, = 05(7R/4) ((2R)? - (7R/4)%)¥2 + 05(2R)? sin"*(7/4/2)
= 0.84721510R? + 2.13087163R> = 2.97808674&2,

ydx@*|,, = 0.1635059187.

Slabs 1 through 4, Part Il area(0.163505913R?) (2)=0.327011827R?.

Slabsl through4,Partl + Partll:  1.403066441R?
subtracSlabsl through3: - 0.918666068R?

Slab4:  0.484400373R?

Slabs 1 through 5, Part |

Equation of the proton’s electric equipotentialface: x? + y2 =r?= (9R/4)2,

centered on the origin (0, 0).

Equation of the neutron’s surfacex2+y2 = 4Rx- 3R?, centered on
(2R, 0),with r = R

The two equations are solved simultaneously to rdete their intersection
point: 81R? /16 = 4Rx- 3R, Xo =129R/64. To simplify the integration the

neutron’s surface equation is translated to cammehe origin. The integration limits,
X =R and x, are also translated by the same amount along taisX by

subtracting R. Translated neutron surface equation:x2+y2 = R?, y =
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(a® - x? )J/zdx = 05x(a? - x?)¥? + 05a2 sin"Y(x/a),
Translated limitsx; = - R to X, = R/64, a =R,
ydx@"? = 05(R/64) (R? - (R/64)?)¥2 + 05R? sin"(1/64)
= 0.00781154&2 + 0.00781281R? = 0.01562436%°,

ydx@|, = 0+ 05R?sin"*(- 1) = - 0.785398168,
ydx@*?|,, = 0.80102252&2.

Slabs 1 through 5, Part | area(0.80102252&2 ) (2) = 1.60204505R2.
Slabs 1 through 5, Part Il

Equation of the proton’s electric equipotentialface: x? + y2 =r?= (9R/4)2,

centered on the origin (0, 0).
(a® - x? )]/zdx = 05x(a? - x?)¥? + 05a% sin"Y(x/a),
Integration limits,x, = 129R/64 to x3 = 9R/4, a = 9R/4,
ydx@|*® = 0 + 05(9R/4)? sin"}(1) = 3.97607820%?,
ydx@| ,, = 05(129R/64)((9R/4)? - (129R/64)%)¥2 + 05(9R/4)? sin"(129/64/ 225)
= 1.00768946®R? + 2.8104542R? = 3.81814368%R,
ydx@*| ,, = 0.157934518%.

Slabs 1 through 5, Part Il area(0.157934513R?) (2) = 0.315869026R>.

Slabsl through5, Partl + Partll : 1.917914078R2
subtractSlabsl through4: - 1.402066441R?

Slab5: 0.514847637R?
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Slabs 1 through 6, Part |

Equation of the proton’s electric equipotentialface: x? + y2 =r?= (5R/2)2,

centered on the origif0, 0).

Equation of the neutron’s surface?® + y2 = 4Rx- 3R?, centered or(2R, 0),
with r = R.

The two equations are solved simultaneously to rowte their intersection
point: 25R? /4 = 4Rx- 3R?, Xo =37R/16. To simplify the integration the
neutron’s surface equation is translated to ceotethe origin. Integration limits,
X =R and x, are also translated by the same amount along tais< by

subtracting R.

Translated neutron surface equatio?: + y? = R?, y = (R? - x? )]/2,
(a2 - x2)2dx = 05x(a? - x2)¥2 + 05a2 sin"Y(x/a),
Translated limits,x; = - R to x, =5R/16, a = R,
ydx@*? = 05(5R/16) (R? - (5R/16)%)Y? + 05R? sin” (5/16)
= 0.14842464%% + 0.15891185R? = 0.30733650H22,
ydx@|, = 0+ 05R?sin"*(- 1) = - 0.785398168,
ydx@?|,, = 10927346682,

Slabs 1 through 6, Part | area(1.09273466R2)(2) = 2.185469328&°.
Slabs 1 through 6, Part Il

Equation of the proton’s electric equipotentialfaoe: X2 + y2 =r?= (5R/2)2,

centered on the origi(0, 0).
(a2 - x2)2dx = 05x(a? - x2)¥2 + 05a? sin"Y(x/a),

Integration limits,x, = 37R/16 to x3 = 5R/2, a = 5R/2,
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ydx@*® = 0+ 05( 5R/2)? sin"}(1) = 4.90873852R?,
ydx@ ,, = 05(37R/16) ((5R/2)? - (37R/16)?)¥? + 05(5R/2)? sin” }(37R/16/ 25)
= 1.09834241@&? + 3.69073623R? = 4.78907864R,

ydx@™?|,, = 0.11965988&2.

Slabs 1 through 6, Part Il area(0.11965988@&2 ) (2) = 0.23931976&>.

Slabsl through6, Partl + Partll:  2.424789088R2

subtracSlabsl throughS: -1.917914078R?
Slab6: 0.506875010R?

Slabs 1 through 7, Part |
Equation of the proton’s electric equipotentialface: X2 + y2 =r?= (11R/4)2,

centered on the origif0, 0).

Equation of the neutron’s surface® + y2 = 4Rx- 3R?, centered on2R, 0)
with r = R

The two equations are solved simultaneously torodwte their intersection
point: 121R? /16 = 4Rx- 3R?, Xo =169R/64. To simplify the integration the

neutron’s surface equation is translated to ceotethe origin. Integration limits,
X =R and x, are also translated by the same amount along taisX by

subtracting R.

Translated neutron surface equatioxﬁ:+ y2 = R?, y = (R2 - X2 )3/2,
(a® - x? )J/zdx = 05x(a? - x?)¥2 + 0522 sin"Y(x/a),

Translated limitsx; = - R to x, = 41R/64, a = R,

ydx@|*? = 05(41R/64) (R? - (41R/64)%)Y2 + 05R? sin”1(41/64)

= 0.24595320R? + 0.347655978% = 0.59360917&K?,
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ydx@| 4 = 0+ 05R? sin" (- 1) = - 0.78539816&%,
ydx@*?|,, = 1.37900733R?.

Slabs 1 through 7, Part | area(1.37900733R2)(2) = 2.75801467&°.
Slabs 1 through 7, Part Il

Equation of the proton’s electric equipotentialface: X2 + y2 =r?= (11R/4)2,
centered on the origi0, 0).

(a® - x? )J/zdx = 05x(a? - x?)¥? + 05a2 sin"Y(x/a),
Integration limits,x, = 169R/64 to x3 = 11R/4, a =11R/4,

ydx@*® = 0+ 05(11R/4)? sin"1(1) = 5.93957361R?,

ydx@| ,, = 05(L69R/64) ((LIR/4)? - (169R/64)% )2
+ 05(11R/4)? sin 1(169/64/ 275)
=1.013807100R? + 4.869550615R? =5.883357715R?,

ydx@™?|,, = 0.05621589&2.

Slabs 1 through 7, Part Il area(0.05621582&2)(2) = 0.11243179R.

Slabsl through 7, Part| + Partll:  2.870446466R>
subtractSlabsl through 6: - 2.424789088R?

Slab7:  0.445657378R?

Slabs 1 through 8

Equation of the proton’s electric equipotentialface: X2 + y2 =r?= (3R)2,

centered on the origif0, 0).

Equation of the neutron’s surface® + y? = 4Rx- 3R?, centered orn2R, 0)
with r = R,
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To simplify the integration the neutron’s surfacpiation is translated to center

on the origin. Integration limitsx; = R and x, = 3R are also translated by the

same amount along the X-axis by subtractiRg 2

Translated neutron surface equatioxﬁ:+ y2 = R?, y = (R2 - X2 )3/2,

(a® - x? )]/zdx = 05x(a? - x?)¥? + 05a% sin"}(x/a),

Translated limitsyy =-R to X, = R, a=R,

ydx@*?| 4 =0+ 05R?sin"1(1) - [0+ 05R? sin"}(- 1)] = 025p + 025p = 0.5p.

(1]

[5]
[6]
[7]

Slabsl through8 = 05p(2): p R?
Subtracslabs through?: - 2.870446466R?
Slab8:  0.271146187R?
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