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Spherical Dynamicsfof Atomic Gravity

Science are built from how we perceive our world. Knowledge are built by how comprehend on
how the world working and functions. We tries to decode the basic ground on matters, to have the
right perspective of structures, dimension, aspects, characteristics, principles, constant and the
dynamics in everything we saw, tested, synthesize, replicates, hypothesizes, and developed further.
L |
et s

The learning process are in the steps we to

ting applied equations that can solve evéryday
and future problems, to reach advanceme and social hypothesis. As our neuronic
brain never stops to reaps new comprehension frjgm our surr dings, even when we sleep. Cerebral
functions in our brain are also never ceased to functions in processing the informations we have

learnt in a day, to prepare us for handling more intricacies in any problems might occuring.

|
Learning starts when we open our heart to receivé informations that we need to comprehend future

matters. Communication starts when we try to understand and acknowledge the people we
encounter, the person we met, the human we studies, the children we raise, the family we upbring in,
and the societies we are rooting and grounding at. To communicate is not about how to respons, or
how to talk , but about how to understand, to listen, to have the right perspective when facing certain
and uncertainty.

At the efforts of understanding the trillion microns level of the layers of spherics in our sub-atomic,
whether it is perceives biologically, chemic, or physically, the angular atomic momentum theories
was designed. We hope the equations here can be applied for engineering the future protonic gluon
interaction dynamics, to open new frontiers of Micron Quantum Interactions Dynamicity Equation
by founding applied logical multi science equations to decipher and decode future atomic
developments.

Gina Al dme

Editor-in-Chief



Core Atomic Flu_X Measurements

HOW TO MEASURE THE ELECTRONIC AND MAGNETIC VIBRATIONS FLUX IN

CORE ATOMIC MATTERS AT THE HADRON SCALE

Measuring electronic and magnetic flux vibrations at the atomic core and hadron scale

requires advanced quantum sensing and high-energy physics techniques. At the atomic

level, scanning tunneling microscopy with quantum sensors can detect single-electron
and nuclear spin fields, while atthe hadron scale, particle accelerators like CERN’s LHC
use harmonic coil systems and-hadron yield fluctuations under magnetic fields to probe

these phenomena.

# Atomic-Scale Measurement Techniques
¢ Quantum Sensors (STM-based):

o A single-molecule quantum sensor can be fabricated at the apex of a scanning

tunneling microscope (STM).

o By attaching Fe atoms and organic molecules (like PTCDA), researchers achieve

single-electron spin sensitivity and detect faint magnetic fields at atomic

resolution.

o This allows:measurement of electronic and magnetic vibrations directly at the

atomic core level.

o Applications: mapping spin states, probing quantum coherence, and studying

electron-nuclear interactions.

ii Comparison of Techniques

Scale Method What It Measures

Atomic Single-electron & nuclear spin
STM Quantum Sensor ; 9 P
Core fields

Hadron Harmonic Coil System Fast-changing magnetic flux
Scale (LHO) in dipoles

Hadron Yield Ratio Magnetic field influence on
Scale Fluctuations hadron yields

Read further a

-

Example Application

Mapping atomic spin
states

Accelerator stability

Heavy-ion collision
magnetometry
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Core Atomic Flux Measurements

HOW TO MEASURE THE ELECTRONIC AND MAGNETIC VIBRATIONS FLUX IN
CORE ATOMIC MATTERS AT THE HADRON SCALE

& Hadron-Scale Measureme;n; Techniques Ih

* Magnetic Flux in Accelerators (LHC):
o The Large Hadron Collider (LHC) uses harmonic coil magnetic measurement
systems to quantify magnetic field harmonics in supereonducting dipoles.

© Fast-changing magne& fields are mieasured with rotating units and high-bandwidth

electronics, enabling precise monitofing of magnetic vibrations at hadron interaction
scales.

e Hadron Yield Fluctuations under Magn
o In heavy-ion collisions, exter fields influence hadron yield ratios (e.g.,
proton-to-pion, neutron-to-proton).

o These fluctuations act as a magneto, tly measuring magnetic flux effects
at the hadron resonance gas scal

o Example: ALICE Collaboration at

linked to magnetic field strength.

rved centrality-dependent yield ratios

1. Challenges & Limitations

Atomic scale: Sensitivity limited by noise and quantum decoherence; requires ultra-low
temperatures and vacuum.

Hadron scale: Measurements are indirect (via yield ratios) and depend on collision models;

magnetic flux in accelerators requires extreme precision.

Cross-scale gap: Directly linking atomic vibrations to hadron-scale flux is still an open frontier
in quantum chromodynamics (QCD).

II'I-._ Readfurthér at ; https://phys.libretexts.org/
&
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The core of -"ét&mlg »
momentum, a fUhdame'_ operty of motion in both classwal and quantum mechanics.

angular momentum op_tp.r 'plays -a central role |.n the theory of atomic physics and is
essential for understanding the behavior of particles in quantum states.

Eigenvalue equation in polar coordinates
The classical definition of the angular momentum vector is
=rxp(3.1)

which depends on the choice of the point of origin where |r|=r=0[r|=r=0. With the definition of the position and the momentum operators we obtain the angular
momentum operator as

L= thir x ¥) (3.2)
The Cartesian components of L are then
Ly =—ih(yd, —z8,), L,=—in x8,),
One frequently needs the components of Lin sp | i In order to obtain them we have to make use of the expression of the position vector by
spherical coordinates, which are connected to th sian components by
r=8&; + yé, + zé, = rainf co + + rsin §sin $&, + rco ; (3.4)
Going over to the spherical components in (3.3), and using the chain rule:
Gy = (Oyr) B + (8:6) By + (B,0) Ba (3.5)
and similarly for By and 8z gives the following components

i—r = ih (sin ¢y + cot B eos pdy)

s + cot sin ¢dy) (3.6)

One sees at once the reason and the advantage of using spherical coordinates: the operators in question do not depend on the radial variable r. This is of course

also true for L? = Li+ L which turns out to be —#? times the angular part of the Laplace operator Agg.

L= 2 (82 + cot 88, + Ha;,,a_ h2Ag (3.7)

We shall now find the eigenfuncti . that play a very important role in guantum mechan nd actually in several branches of theoretical physics. They will
be functions of swand 0 < .e. they can be considered as complex valued functions whose domain is the unit sphere. The eigenfunctions of L? will
be denoted by ¥'(#, ), and the angular eigenvalue equation is:

As¥(0,8) = e+ 1)Y(0,8) or

! 1 =
(82 4 cot8By 4+ ——82, | Y(8,¢) = —2(f+ 1)Y (8, )
\ gin? §

One might wonder what is the reason for writing the eigenvalue in the form #(Z + 1), but as it will turn out soon, there is no loss of generality in this notation.

SAghemcal Accelevfatzon Mbmentum
BASIC REASONING FOR PRINCIPLES & EQUATIONS
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Angular momentum theory in Core Atomic Angular Physics

The angular momentum operator plays a central role in the theory of atomic physics and
other quantum problems involving rotational symmetry. In both classical and quantum
mechanical systems, angular momentum (together with linear momentum and energy) is
one of the three fundamental properties of motion. Angular momentum and its
conservation in classical mechanics. Spherical coordinates, elements of vector analysis.

Laplace gguation. ‘

Read further at@https://phys.libretexts.org/

Separation of the eigenvalue equation
We try the separation of the variables:
Y(8,4) = 8(8)®(s) (3.9)
Plugging this into (3.8) and dividing by 8%, we find
{% [sinf4 (sin 895 )] + £(2+ 1) sin? 6} + § £ = 0 (3.10)

The first term depends only on @ while the last one is a function of only ¢. In order to satisfy this equation for all values of ¢ and ¢ these terms must be separately
equal to a constant with opposite signs. This constant is traditionally denoted by m? and —m? (note that this is not the mass) and we have two equations: one for
8, and another for ®, We consider the second one, and have:

é_ :;i, = —m? (3.11)
Two Iim;.ar]g.r independent solutions are

( ime
s =

1 eime

and any linear combinations of them. One can choose ¢™®, and include the other one by allowing mm to be negative. As these are functions of points in real three
dimensional space, the values of ®(#) and (4 + 27} must be the same, as these values of the argument correspond to identical points in space. Then gimi#+2r!
= &"™® and "2 — 1 must hold. From this it follows that mm must be an integer

B{p) = —=¢
The integration constant # has been chosen here so that already @(¢) is normalized to unity when integrating with respect to ¢ from 0 to 2r.
The equation for 8
sin 04 (sin 042 ) + [2(¢ + 1) sin® 0 — m?] © = 0 (3.16)

is more complicated. With cos# = = the solution is

The functions F"(z) are called associated Legendre functions.

SAjgheVical Acceleration Momentum
BASIC REASONING FOR PRINCIPLES & EQUATIONS
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Defmltlon and Di er

Legendre polyng_l;q@l
(1-x2)d2Pﬁdx2 2)gdP

where nisa nonﬂeg
i

are defmedpver the mte |

.
f
Orthogonallty ol o ‘é
Legé"hdre polyﬁomlals‘é{lﬁhe ort lit |/ Iatlb
f- 11Pm(x)Pn(x)dx=‘m"‘ for mzn

.P-‘ L‘l"—!‘?

4 7
This property makes them useful for expanding functlp

similar to Fourl.s:' series but for functions deMd on l_g‘.

g
Rodrigues’ Formula
A convenient formula to generate Legendre polynqx% ?Rodrlg

Pn(x)=12nn!dndxn(x2-1)n :
# ..-'? il %r

This allows explicit computation of Pn(x) for{any mteger n MIf@m}

Read furthe&.at‘pttps Ilp"i:)F I@ext}k
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LEGENDRE POLYNOMIALS

Definition and Differential Equation

Recurrence Relation

Legendre polynomials satisfy a three-term recurrence relation:

(n+1)Pn+J (x)=(2n+1)xPn(x)-nPn-1(x)

This relation. is useful for computational purposes and for deriving properties of higher-
order polynomials Wolfram.

Applications

1:Physics: They appear in solutions to Laplace’s equation in spherical coordinates,
particularly for problems with akial symmetry, such as gravitational and electrostatic
potentials

2.Quantum Mechanics: Used in soIVIin_Ej the S

3.Numerical Analysis: Serveas basis fun
integrals. rf"

4.Series Expansions: Functions can be ekpanded in Leg
orthogonality proper,

y,

er equation for central potentials.
ssian quadrature for approximating

Fe series using the

™
Examples

The first few Legendre polynomials are:
PO(x)=1,P1(x)=x,P2(x)=12(3x2-1),P3(x)=12(5x3-3x)
Higher-order polynomials ¢an be genérated using Rodriguies’ formula or the recurrence

relation _'|I' F

Related Concepts ‘?

» Associated Legendre polynomials Pnm(x) arise when solving problems with azimuthal
dependence in sphé'Fical coordinates.

* Generating functions and hypergeometric representations provide alternative ways to
define and manipulate Legendre polynomials Wolfram.

* Legendre polynomials form a complete orthogonal system, making them fundamental in
both theoretical and applied mathematics, particularly in problems with spherical
symmetry.

i

Read further at ; https://phys.libretexts.org/
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SPHERICAL HARMONICS
Orthonormal Functions in Angularity

Spherical harmonics are special functions defined on the surface of a
sphere that form an orthonormal basis for representing functions and
solving angular parts of Laplace's equation.

Notice that £ must be a nonnegative integer otherwise the definition (3.18) makes no sense, and in addition if |(|m|>2\), then (3.17) yields zero. Thus for any

given £, there are 2¢ + 1 allowed values of m:
m=—§—4+1,..-1,0,1,..8—-1,¢ for ¢=0,1,2,..(3.19)

Note that equation (3.16) - as all second order differential equations — must have other linearly independent solutions different from F;™(z) for a given value of £
and m. One can show however, that these latter solutions are divergent for @ = 0 and § = w, and therefore they are not describing physical states. The solutions

Y8, 8) = Nim P (8)e™® (3.20)

where the absolute values of the constants N, ensure the normalization over the unit sphere, are called spherical harmonics. There are several different
conventions for the phases of Ny, 50 one has to be careful with them.

The ¥;™(#) functions are thus the eigenfunctions of L corresponding to the eigenvalue K2E(# + 1), and they are also eigenfunctions of L.= —iR8,, because

L.Y™(8,¢) = —ih8:Y (8, 8) = hm¥™(8, ¢) (3.21)

The quantum number £ is called angular momentum quantum number, or sometimes for a historical reason as azimuthal quantum number, while m is the
magnetic quantum number.

Concluding the subsection let us note the following important fact. As none of the components of L, and thus nor L2 depends on the radial distance rr from the
arigin, then any function of the form J&(r)¥;™ (4, #) will be the solution of the eigenvalue equation above, because from the point of view of the 1 the ®(r) function
is a constant, and we can freely multiply both sides of (3.8). by ®(r).

R o :
ol -I'E‘ '-' w :'FII_
L R R 6
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e Completeness Any well behaved functlon (]}] th‘e sp
b spherlcal harmonics: f(8,$)=XI5 ObOZm-—Ilalelm(e P)

R, SPHERICAL HARMONICS A

Angmlar Poq/tzons of Equatwe Solutzons

Definition' a‘nd Mathematlcal Form s .

_Spherical harmonlcs denoted Ylm(ﬂ ¢), are functlons of the polar angle 8 and‘aZimuthal* angle
<|> ona sphere They arise as the ang'ular portion of solutrons to Laplace s-eqqat|on in spherlcal
‘coordinates, particularly when a2|muthal symmetry is absent Wlklped|a+1 ‘Each harmonic is
labeled by two integers: the degree 120 and'the orcler m wu:l’i —I2m=l. They satisfy the spherlcal

. harmonlc d|fferent|al equation and aré eigenfunctions. of the angular, momentum operators L2

and Lz in quantum mechanlcs with elgenvalues I(l+1:)h2 and mh respectwely

3 ¥ _ y o N ' R -' AT L T
The g'eneral formis: . Lk T ; : "‘-_-:.' r: o A _
. YIm(6,d)= NImPIm(cose)elmq) ; ; r BT e o el : ot Y
- where PIm are associated Legendre poly'nom|als and Nlm 'hbrmatuatlon constant ensurlng
: orthonorma!_lty e "ih e : a2 T A
Propertles . it

. Orthonormalrty j’Ylm(e P)YI' m'*(e ¢)dQ oll'dmm’ ﬁ I :
-expande'cl'as asumof ,

. E|genfunct|ons of angular momentum: They are smultanequs&gknstates ofl=*2 andLz, .
maklng them fundamental in quantum mechanlcs for. dgscrlbm‘g'orhltal angular momentum '
Examples X gt R A
For low degrees 1=0,1,2, the spherlcal harmonlcs are: . - e bl . Lt
¢ YOO=14m e PONEEN T L N B : :
Y10=34mncos8’ P + B Al T A T
Y1+1=F38nsinfexip Jia ’ s ¥ L MEan
"Y20=51611(3cos26~1) - . : : M 3
‘Y2x1=F158nsin6cosBexidp -
*¥Y2+£2=1532nsin2Be+2ip

Applications

 Quantum mechanics: Describing electron orbitals and angular momentum states.

» Geophysics and planetary science: Modeling graV|tat|onal and magnetic fields of planets

e Computer graphlcs EfflClently representlng llghtlng and shading on spherlcal surfaces.

« "Acoustics and signal processing: Expanding functions on.spherical dolhalns ‘for analysis.

. Spherlcal harmonics provide a powerful tool for decomposing complex angular functions

. into simpler, orthogonal components analogous to Fourier series for perlodlc functions on
acwcle . . ; £ L 7
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ANGULAR MOMENTUM

Torques Angularity in Interacted Protons

The treatment of angular momentum is very important to understand the properties
of atoms. It is now time to explore these effects in detail, and to see how this leads to
the classification of the quantized states of atoms by their angular momentum.

Conservation of Angular Momentum

In the sections that follow, we will consider several different types of angular
momentum and the ways in which they are coupled together. Before going into the
details, it is useful to stress one very important point related to conservation of
angular momentum. In an isolated atom, there are many forces (and hence torques)
acting inside the atom. These internal forces cannot change the total angular
momentum of the atom, since conservation of angular momentum demands that the
angular momentum of the atom as a whole must be constant in the absence of any
external torques. The total angular momentum of the atom is normally determined
by its electrons. The total electronic angular momentum is written J and is specified
by the quantum number J. The principle of conservation of angular momentum
therefore requires that isolated atoms always have well-defined J-states. It is this J-
value that determines, for example, the magnetic dipole moment of the atom.

It should be noted in passing that the nucleus can possess angular momentum and
that electrons can exchange angular momentum with the nucleus through hyperfine
interactions. These interactions are very weak, and can usually be neglected except
when explicitly considering nuclear effects. With this caveat, we can safely regard
the total electronic angular momentum J as a conserved quantity.

The principle of conservation of angular momentum does not apply, of course, when
external perturbations are applied. The most obvious example is the perturbation
caused by the emission or absorption of a photon. In this case the angular
momentum of the atom must change because the photon itself carries angular
momentum, and the angular momentum of the whole system (atom + photon)‘has to
be conserved. The change in J is then governed by,selection rules, such as the
effect of a strong external DC magnetic field. =

Read further at ; https://phys.libretexts.org/



ANGULAR MOMENTUM
Dynamics Quantity

The Dynamical Quantity We Have Ignored

We have spent all of our time in the quantum theory dealing with the three physical quantities of position, mementum, and energy, but there is one other that we
studied at length in classical mechanics that has barely been mentioned so far — angular momentum. This is quite an omission, given that it, along with linear
momentum and energy, satisfies a very useful conservation principle under the proper conditions. This apparent oversight is even more striking given that Planck’s
constant, the most fundamental of all physical constants in the realm of quantum mechanics, has units of angular momentumn! But avoidance of angular momentum

was not an oversight, it just took a lot of background to be able to handle it, and the time is now finally right.

A Few Brief Words About the Hydrogen Atom

Clearly the radial symmetry of the potential energy of the electron in a hydrogen atom qualifies it for this analysis, but we will not be delving into the details of of
the eigenfunctions for this system in this class (rest assured it will be a high priority for a future class in quantum physics!). However, there are some
interesting/important facts about the hydrogen atom that are worth sharing.

The electron in a hydrogen atom comes with the three quantum numbers already mentioned: =, I, andm,. From our study of one-dimensional wells, we are used to
having a quantum number related directly to energy eigenvalues. In this case, the energy eigenvalue appears imbedded in the radial wave equation, the
eigenfunction of which depends on both n and . It's not surprising that the magnetic quantum number doesn't effect the energy of the electron, since m, relates to
the quantized z-component of angular momentumn, and this depends upon our choice of = axis — the energy levels should not depend upon our choice of a z-axis.
But certainly it makes sense that the energy of the electron in the Coulomb potential should depend upon the other two. Strangely, however, it does not!

It onfy depends upon the principal quantum number, n. Indeed, Bohr's remarkable result of the energy spectrum of hydrogen with his simple model holds up, even
when incorporating the angular momentum properly.

The mathematics (which we didn't cover in detail) of the two angular-momentum gquantum numbers gave us a restriction on the possible values of m,; for a given
value of | (Equation 9.3.15), and it turns out that still more mathematics (that we also won't cover) results in a restriction on the number of | values for a given n.
The values of | are restricted to be only positive, and it turns out that they can never exceed the principle guantum number:

i=01, 2,..,n-1 (9.4.15)

When we first started with 3-dimensions, we noted that the extra degrees of freedom can, especially in cases involving symmetry, lead to degeneracies — multiple
wave functions responsible for the same particle energy. Clearly this happens for the hydrogen atom. We already know about the 2[ + 1 states that have the same |
quantum number but different m; quantum numbers, and now we see that there are multiple orbital quantum numbers for a given principle quantum number. The
degeneracy associated with the multiple values of m; are attributable to the spherical symmetry, but the degeneracy associated with the [-values is a famous
example of an accidental degeneracy (recall these are degeneracies that come from coincidence, and not some symmetry (at least not an obvious one).

The degeneracy we get for a given principle quantum number can be counted, There are n possible values of [, and for each of these, there are 21 + 1 values of m,.
This leads to the following number of states for the same energy:

th

degeneracy of n' energy eigenstate (9.4.16)
=1 (=0, m=0]+B =1, m=0,+1)] ++[2A+1 (i=n—1, m=0,%1,...,4) | =#?

Read further at ; https://phys.libretexts.org/




ANGULAR MOMENTUM
Dynamics Quantity

Read further at ; https://phys.libretexts.org/
Building an Angular Momentum Operator

Wiz know from the very origins of our work in guantum mechanics that all physicall-observable quantities have quantum-mechanical operators assodated with
them. Ve also determined that the operstors we neaded could be built from a couple of fundamental anes. For example, we built the kinetic enengy operstor from
the momentum operatars for each of the three directions:

k) 1 3 =
-ﬂ‘ (E a s J {5.4.2)

_| | ——— s SRS i iiee]
':-F.r'I F;' ! [ 1 T
Well, classically we can express the components of angular momentum in tenms of components of position and momenoem, so we should be 2bds to do 2 similar

construction from their operators. We have to use some care, however, because whenever we "mix" position and momentum, the wncertzinty principle shows up,
Let's start with the dassical definition:

i—Fu id= l:_r .-+:.,|_;-a-a.li:} Iip, ?—;JFJ-+|:: .t} = (i — jﬂ?]F-FH‘I[I, - :jﬂ.’:l_'l’+ (apy — wp-1 ¥ 15.4.3]
Let's focus only on the z~component. If we want to create an operator for Ly, we must replace the dassical values with oparators:

T = 86, — i = — fs%—ya‘i] {9.4.4)
The operstors for L, and [, come out similarly. Spesking of the operstors of the other components of angular momentum, dose examination of these revesls a
brand-mew property that we haven't seen before, hack in Saction 5.3, we found that the uncertainty principle for twe "ncompatible™ physical guantities is
mianifested in their operators in that they do not produce the same result when they act on 3 wave function in different ordars. Put another way, physical quandties
that cannot simultanecusly be measured with arbitrary precision have operators that don't commutz with each other We know that the operstors representing the
components of the position all commute with each other — we can simulEneously measure the .c-position, the y-position, and the =-position without the uncertainty
principle making them trip over aach other, We can similarly do this with the components of linear momentum, since the order of partial derivatives can be freely
swapped, But this is not true of the operators of the components of the angular momentum vector! Let's demonstrate this with the .o and y componants:

I 1'-_"'Il=[—:'."|.|::y'a._—z\ ]” I'kf.'l —J:a,]]‘ll——&zIy,.:iﬁ'+y:‘ﬁﬂ;"If+a:v "I'—li;,:,fﬁr‘]'—:g-a_.ﬁ'.l

{9A.5)
Liw—[-ih(ed —e)][—ih(vd —2£) ¥ ——8 [+ £V +ueflp ¥+ ol T — 2ol ¥ — rp ¥

Wik see that the derivatives of the second (leftmost) operator act on the position components present in the second (rightmost) operstor. The derivatives make quite
a mess in each cass, but the poirt is that the two "messes” are not equal, as can be seen by comparing the two results above — the |ast 4 terms are all the same,
but the first terms differ. If one measures the .c-component of anguler momenoum of 2 particle precisaly, knowledge of the y component of the same angular
mismentum vector is kost!

Anather extremely interesting (and a5 it happens, wsaful!) result we get from above is that we can oonstruct an operator of one component of the angular
miomentum from the other two, Start by subtracting the bwo results above, This gets rid of the last four commen terms and leaves:

(EE,-LI.)e=nt [% —va )
The right side of this equation kooks familiar - it is very nearly the operator of the =~component of angular momentum (Eguation 9.4.4), Indesd we hawe:
i Ao A
There is a shorthand notetion frequentty used in such situstions, @lled the commusstor of the operators A and B
[4.5) = 45— i

Thanks to the cydical nature of the cross-product, we can similardy construct 2l the components from the other two, so we have:

.5 =wi., [L.L]=iL., [L.L]=i,

These are known as the commutation relations of the a"v;ular MOmentum component operators,




ANGULAR MOMENTUM
Magnitude Equations
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~ ANGULAR MOMENTUM
Spherical Coordinates Equations

L]

Read further at ; https://phys.libretexts.org/

Using Spherical Coordinates

In defining spherical coordinates, we have selected-ouwt the =direction as spedial (it is the axis from which the polar angle is measured, and around which the
azimuthal angle is measured ). By comvention, we therefore define that to be the direction for which the single companent of angular momentum is known. We can
convert the operator L, into spherical coordinates to get an operstor to use in ceses where sphericel coordinates are in play. The amount of math busywork
requires to show this is substantial, but the end result is remarkably simple:

E, = —ih% |I9.d.1'.|.'|

If the potential acting on a particke happers to be spherically symmetric, then the separated stationany-state wave function has an azimuthal piece given by
Eguation 7.3.12, and it's dear that this is an eigenfundtion of the »~component of angular momentum:

L Woun, (. 0, &) = —u‘i% [R () S, (185 = #1186 Wy, (5.8, 8} (8.4.13)

The quantum rumber m, therefore describes the quantized = component of anoular momentum — the sigernalee is this integer mukiplied by n.

The operstor use in spherical coordinates for Lt is considerably more complicated than the one for T, and we will not tke the discussion this deep in this dass.
But it is important to know that the polar portion of the separated weve fundtion (the Legendre pohyniomizls, ... (8, for which we have also postponed
examination to a future, more advanced class) are eigenfundtions of this operaton Specifically:

g (r8,0) L3 | Ruir) Bun, (8) €™ 1+ DR Ta, (v,8,0) 19.4.13)
The quantum rumber | thesefore describes the quantized magnitude-squared of angular momentum — the eigermvalee is [l + 1) multiplied by &%. O # you like, the

sigenvalue for the magnitude of angular momentum is || — /(T + 1ja.

To se= further justification for this eigenvalue for the square of the izl angular momentum, teke a look at the radial Schradinger equation (Eguation 9.2.16) The
terms on the keft side of the equation that do not indude the potential energy must be the Knetic enengy (since the right hand side is the total enengy). The kinetic
enargy can be divided into & part that comes from radial maotion and & part that comes from tangential maotion. We did a similar thing in Physics 9HA when
discussing gravitation, and wrote the tangential part of the kinetic energy in terms of the angular momentum in Eguation 3.2.8. Comparing thess immediately
suggests that L7 = [ {1 = 11 &%

Given that the z-component of the angular momentum must akways be strctly less than the magnitude of the angular momentum vector (the .c and y components
&N never be zero due to uncertainty), the relation given in Equation 9.3.15, limiting the value of m; o extremes of +f, and this magnitude of L are perfecty
consistent, This leads to the number of possible quantized angular momentum states for 2 given quantum number | to be:

tufnber of quantared sigulss woinebum states =54 1 [9.4.14])
For example, for { = 1:

Figure 9.4.2 — Quantized Angular Momentum States (! = 1)

{=1

|f_,’| =11+ )n =/
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SPHERICAL COORDINATE

Cartesian Systems™
|

The spherical coordinate system is defined with respect to the Cartesian system in Figure 4.4.1. The spherical system uses r, the distance measured from the origin;
8, the angle measured from the +z axis toward the = = 0 plane; and ¢, the angle measured in a plane of constant =, identical to ¢ in the cylindrical system.

X Figure 4.4.1: Spherical coordinate system and associated basis vectors. (CC BY SA 4.0; K. Kikkeri).
Spherical coordinates are preferred over Cartesian and cylindrical coordinates when the geometry of the problem exhibits spherical symmetry. For example, in the
Cartesian coordinate system, the surface of a sphere concentric with the origin requires all three coordinates (z, ¥, and =) to describe. However, this surface can be

described using a single constant parameter — the radius + — in the spherical coordinate system. This leads to a dramatic simplification in the mathematics in certain
applications.

The basis vectors in the spherical system are #, 8, and ¢. As always, the dot praduct of like basis vectors is equal to one, and the dot product of unlike basis vectors
is equal to zero. For the cross-products, we find:

Read further at ; https:l/lim\ls.Iibretexts.org/

10



m

- SPHERICAL COORDINATE

Cartesian Systems™

Like the cylindrical system, the spherical system is often less useful than the Cartesian system for identifying absolute and relative positions. The reason is the
same: Basis directions in the spherical system depend on position. For example, r is directed radially outward from the origin, so r = x for locations along the z-axis
but & = § for locations along the y axis and & = 2 for locations along the z axis. Similarly, the directions of & and ¢ vary as a function of position. To overcome this
awkwardness, it is common to begin a problem in spherical coordinates, and then to convert to Cartesian coordinates at some later point in the analysis. Here are
Ll the conversions:
I =rcosgpsing {4.4.1)
y=rsindgsinf (4.4.2)
z=rcosf (4.4.3)

The conversion from Cartesian to spherical coordinates is as follows:
r=+vzi+p?+2? (4.4.4)
# = arccos (z/r) {4.4.5)
¢ = arctan (y, x) (4.4.6)

where arctan is the four-quadrant inverse tangent function.

8
P 2

\—-—-—j Figure 4.4.2 Cross products among basis vectors in the spherical system. (See Figure 4.1.10 for instructions on the use of this diagram.) (CC BY SA 4.0;

K. Kikkeri).
Dot products between basis vectors in the spherical and Cartesian systems are summarized in Table 4.4.1. This information can be used to convert between basis
vectors in the spherical and Cartesian systems, in the same manner described in Section 4.3; e.g.

i=f{i-i}+§(§-:‘q)+$($-i}

=g (X 8)+§ (¥ 8)+2(2F)

Table 4.4.1: Dot products between basis vectors in the spherical and Cartesian coordinate systems.
i [
sinfeosd eos 0 cos ¢
¥ ain 0 in & cos fain ¢

@ cos —sind

+" Example 4.4.1: Cartesian to spherical conversion

A vector field G = % =z/y. Develop an expression for G in spherical coordinates.

Solution

Simply substitute expressions in terms of spherical coordinates for expressions in terms of Cartesian coordinates. Use Table 4.4.1 and Equations 4.4.1- 4.4.3.
Making these substitutions and applying a bit of mathematical clean-up afterward, one obtains

G =(fsin3cnt¢ + posfeot d— d:) - cos d cos ¢

Read further at ; https://phys.libretexts.org/
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SPHERICAL COORDINATE

Cartesian Systems™

Read further at ; https://phys.libretexts.org/

Integration Over Length
A differential-length segment of a curve in the spherical system is
dl=tdr+0rdi+drsing dg

Mote that § is an angle, as opposed to a distance. The associated distance is r dff in the @ direction. Note also that in the ¢ direction, distance is r dg inthe z =10
plane and less by the factor sin# for z <> 0.

As always, the integral of a vector field A(r) over a curve € is

[aa
<

To demonstrate line integration in the spherical system, imagine a sphere of radius o centered at the origin with “poles” at z = +a and z = —a. Let us calculate the
integral of A{r)= 8, where £ is the arc drawn directly from pole to pole along the surface of the sphere, as shown in Figure 4.4.3. In this example, dl = & a d9
since r = a and ¢ {which could be any value) are both constant along €. Subsequently, A - dl = a 44 and the above integral is

r
f a df = mo
]

i.e., half the circumference of the sphere, as expected.

pole

Figure 4.4.3: Example in spherical coordinates: Poleto-pole distance on a sphere. (CC BY 54 4.0; K. Kikkeri))

Mote that the spherical system is an appropriate choice for this example because the problem can be expressed with the minimum number of varying coordinates in

the spherical system. If we had attempted this problem in the Cartesian system, we would find that both z and either % or y {or all three) vary over € and in a
relatively complex way.

10



- SPHERICAL COORDINATE

Cartesian Systems™
.|

Integration Over Area

Now we ask the question, what is the integral of some vector field A over the surface § of a sphere of radius a centered on the origin? This is shown in Figure
4.4.4. The differential surface vector in this case is

ds =& (r df) (rsind d¢) = £ *sind 46 d¢

Figure 4.4.4; Example in spherical coordinates; The area of a sphere. (CC BY SA 4.0; K. Kikkeri).
As always, the direction is normal to the surface and in the direction associated with positive flux. The quantities in parentheses are the distances associated with
varying @ and ¢, respectively. In general, the integral over a surface is
f A.ds
F

In this case, let’s consider A = F; in this case A - ds = a® sinf df d¢ and the integral becomes

T pdE S Yy
f [ o? sind df dé = a? U sinﬂdﬁ') { [ o)
0 Jo 1] 1} J

oo

= a? (2) (2r)

= dna?

which we recognize as the area of the sphere, as expected. The corresponding calculation in the Cartesian or cylindrical systems is quite difficult in comparison.

Read further at ; https://phys.libretexts.org/

10
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Cartesian Systems™
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Integration Over Volume

The differential volume element in the spherical system is

dv = dr{rdf) (rsinfde¢) = r’dr sin@ dé de

For example, if A{r} = 1 and the volume ¥ is a sphere of radius @ centered on the origin, then

@ pw p2w
/ Ar) du= f j f rdr sind df d¢
I ¥ 0 J0 SO
-

- ( jﬂ'-r%;r:} ( [ﬂ " sing -iﬂ) ( j; ¥ f,p]

- (5¢*) @ @)

. o

which is the volume of a sphere.

Read further at; http :IIphyi.Iib'Ht'exts.orgl

10



QUARK ATOMIC SCALE FLUX

quantum sensorv vibratic measuveiments

In short, atomic-scale flux vibrations are measured with quantum sensors in STM
setups, while hadron-scale flux is probed through accelerator magnetic systems and
hadron yield fluctuations in collisions.

e Flux in physics usually refers to something flowing through a surface — like electric field
lines, magnetic field lines, or particle currents.

e Quarks, however, are confined inside hadrons (protons, neutrons, mesons) due to quantum
chromodynamics (QCD). They don't flow freely in the same sense as electrons or photons,
because of confinement.

¢ What is meaningful is the concept of color flux tubes: in QCD, the strong force between
quarks is often modeled as a flux tube of gluon fields connecting them. This is why quarks are
bound together — the “flux” of the color field doesn’t spread out like electromagnetism, it
stays confined.

* In lattice QCD simulations, physicists actually visualize these color flux tubes to study how
quarks interact and how hadrons form.

» the counting of the wavelength of the flux in the quark scale. it is rotating flux

e one of the most subtle aspects of quantum chromodynamics (QCD) at the quark scale, the
“flux” we talk about is the color flux tube — the gluon field that binds quarks together. It's not

* In lattice QCD si e between quarks can support vibrational modes.
These modes have velengths” determined by the separation of the quarks and
the energy density of the gluon fleld r

* The lowest mode corresponds to the linear confinement potential (like a stretched string).
Higher modes resemble standing waves along the flux tube.

* Unlike photons or electrons, these “wavelengths” aren’t directly measurable in free space —
they're inferred from hadron spectra and lattice calculations.

& Rotating Flux?

¢ Yes, in asense: when quarks form bound states with angular momentum (like mesons with
spin), the flux tube can rotate.

* This rotation manifests as Regge trajectories — a linear relationship between the squared
mass of a hadron and its angular momentum. That’s essentially the “rotating flux tube”
picture.

e So when you say “rotating flux,” you're describing the rotational excitations of the color flux

. tube that give rise to families of hadrons with increasing spin.
[l Putting It Together

e Counting wavelengths - corresponds to identifying vibrational modes of the flux tube.

e Rotating flux - corresponds to angular momentum excitations, seen in hadron spectra.

e Both are ways of modeling confinement and explaining why quarks never exist freely but

always as part of hadrons.

11



Mathematical Continuity Model of Quark Flux

Flux (nnservatlun from Quarks to Molecules
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umfzed concepts at hadron scales

= .

not all particles are “color-charged.” In fact, many fundamental particles — like
electrons, photons, neutrinos — don’t carry color charge at all. That's why physicists
don’t describe their interactions in terms of color flux.

Here's the distinction:
¥ Color-Charged vs Non-Color P
* Quarks & Gluons - These do carry color charge, so their interactions are governed
by QCD. The “flux” we talk about here is the color flux tube that confines quarks
inside hadrons.
e Electrons, Photons, Neutrinos, etc. » These are non-color particles. Their
interactions are described by QED (electromagnetism) or the weak force, not QCD.
For them, we talk about electric flux or magnetic flux, not color flux.

e Color flux tubes in QCD - the gluon fields that confine quarks inside hadrons.

e Flux tube excitations - vibrational and rotational modes of those tubes, which
explain hadron spectra and Regge trajectories.

» Lattice QCD simulations - numerical studies that visualize and measure the energy
density of these flux tubes between quarks.

Quark Flux is more inclusive term that doesn’t lock the discussion into just QCD’s “color
flux.” From that perspective, “quark flux” could serve as a conceptual umbrella: it would
cover not only the color-charged gluon interactions but also the way quarks couple
indirectly to non-color fields (like electromagnetic interactions, weak currents, or even
vibrational counting at the hadron scale).

e “Flux” in physics usually refers to field lines or currents through a surface. Since
quarks themselves are confined, researchers describe the fields (gluons) rather
than the quarks as flux carriers.

* Non-color particles (like electrons or neutrinos) don’t interact via QCD, so they're
studied under different flux concepts (electric, magnetic, weak).

e If you want to count vibrational modes or wavelengths at the hadron scale, it's
natural to think of all contributions — color flux, electromagnetic flux, and even
weak flux — as part of a bigger “quark flux” picture.

e This would emphasize the total flux environment around quarks, not just the color
confinement piece. 12



QUARK FLUX FRAMEWORK

unified concepts at hadyvon scales

1. Color Flux (QCD)
e Origin: Gluon fields between quarks.
e Behavior: Forms confined flux tubes, vibrational and rotational modes.
» Observable: Hadron spectra, Regge trajectories, confinement potential.

2. Electromagnetic Flux (QED) '
e Origin: Quarks carry electric charge (e.g., up quark +2/3, down quark -1/3).
» Behavior: Produces electric/magnetic flux around hadrons.
* Observable: Magnetic moments of protons/neutrons, scattering cross-sections.

3. Weak Flux (Electroweak)
e Origin: Quarks interact via W and Z bosons.
» Behavior: Short-range flux, contributes to flavor-changing processes.
e Observable: Beta decay, neutrino scattering.

4. Gravitational Flux (Speculative at Quark Scale)
e Origin: Energy density of quark-gluon fields.
* Behavior: Extremely weak compared to QCD/QED, but conceptually part of the flux
environment.
e Observable: Not measurable directly at quark scale, but relevant in cosmology
(early universe, neutron stars).

Flux Type Carrier Field Role at Quark Scale Observable Effect

Confinement,
Color Flux Gluons . . ! Hadron mass spectrum
vibrations

Magnetic moments,

EM Flux Photons Charge interactions .
scattering

Weak Flux W/Z bosons Flavor change, decay Beta decay, neutrino events

Gravitational Spacetime

Energy couplin Cosmological models
Flux curvature 9y pAng 9




QUARK FLUX FRAMEWORK

unified concepts at hadyvon scales
Why “Quark Flux” Works

By calling it quark flux, you're emphasizing the total flux environment around quarks — not just the
color confinement piece. It's a broader, more intuitive term that includes:

Vibrational counting (color flux tubes).

Rotational excitations (Regge trajectories).

Electromagnetic and weak contributions.

Even speculative gravitational coupling.

In other words, “quark flux" = the sum of all flux interactions at the quark scale.

EY The 4D Equation

At the center of the framework is the combined flux current:

i — JH I i K
jquarkﬂux o JirQICI?I o ]QED T Jr‘.r"!.-”e::t}( +jGravity

jﬁcn gsqﬁflaq - color flux (gluons, confinement tubes).
ﬂfflED = eqy*q - electromagnetic flux (photon interactions, magnetic fields).
Jeax = 9y av* (1 — ¥>)q = weak flux (W/Z bosons, flavor changes).

f‘éravity = kT’ - gravitational flux (energy density, curvature effects).




Quark Flux MultiéScaIe Model

. From Quark Dynamics to Atomic and Molecular Scales
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QUARK 7FLUX LOCICS

Prediction L ogics at Quaik L evels

& Flow of Concepts

e Color Flux (QCD): confinement, vibrational/rotational modes.

e Electromagnetic Flux (QED): charge interactions, magnetic moments.

e Weak Flux: decay processes, neutrino scattering.

e Gravitational Flux: speculative but included for completeness.
All arrows converge into Quark Flux Observables: hadron spectra, decay rates, magnetic
moments, and energy density.

This way, “quark flux” becomes a multidimensional construct — not limited to color charge, but
inclusive of all flux contributions at the quark scale.

This unified equation could be applied to predict hadron properties (like masses or decay rates)
by weighting each flux contribution. The framework are not just conceptual, but computational.

Take the Quark Flux Framework and turn it into a predictive model. This will show how the 4D
flux equation can be used to estimate hadron properties like mass, magnetic moment, and decay
rate by weighting each flux component.

This model treats quark flux as a multidimensional field — each interaction contributes to the
total flux density. By adjusting the coefficients ai,pi,yi, you can fit experimental data and predict
new hadron properties. This predictive flow able to show how each flux component feeds into
mass, magnetic moment, and decay rate

5. Flow of Prediction Logid

Step Input Process Output

Flux field data (QCD, QED, Weak, Compute weighted flux

pa (1)
Gra\"i‘r'y':l densi‘ry Pag\T)

Hadron mass

Integrate over spatial domain Calculate total energy M
My

Extract rotational components Compute magnetic moment

Evaluate weak flux intensity Estimate decay rate

13



RUARK 7LUX CONCEPTS

Using Seiontifio Reseiohat Quaik Levels

£+ Predictive Application of the Quark Flux Equation
1. Start from the 4D Combined Flux Equation
Jquark fluxu=JQCDu+JQEDu+JWeaku+JGravityu

Each term contributes differently to observable quantities. To predict hadron properties,
we introduce flux weighting coefficients ai that represent the relative strength of each
interaction:

Jtotaly=aQCDJQCDu+aQEDJQEDu+aWeakJWeaku+aGravityJGravitypu

2. Predicting Hadron Mass '
Hadron mass MH can be modeled as the integrated energy density of the flux fields:

MH=[pflux(r) d3r
where
pflux(r)=Yiai | Jip(r) | 2
This gives a mass prediction based on the combined flux intensity at the quark scale.

3. Predicting Magnetic Moment
Magnetic moment pH arises mainly from QED and QCD flux rotation:

MH=BQEDEBEQEDE +BQCDEBEQCDE

Here, BEQED and BEQCD are the magnetic field components of the respective fluxes,
and Bi are scaling factors derived from experimental data.

4. Predicting Decay Rate
Weak flux dominates decay processes. The decay rate I'H can be expressed as:

F’H=yWeak | JWeaku | 2+yQCD | JQCDu | 2
This links the strength of weak and color flux interactions to measurable lifetimes.

13



Quark Flux Slmulatlon Plpelme

- Numerical Workﬂow to Predict Hadron Pmpertles

b £ ( Initialize Parameters
w @ % e SetCoupling Constants
.. Input Weighting Coefficients
* Configure Lattice Grid
| ~ Compute Flux Components e
s e BT R 4 pivag o oo TR T,
( QCD Flux l ( QED Flux Weak Flux { Gravity Flux
Ygehg | eg'g G ¥ (1-9)q K T,
e _

Magnetir. Moment Extraction rDecay Rate Estimation j 5
« [B'QED, B[QCDI e h I Weakl H

Hadrnn Mass | 1 ) Magnetlc Moment

L 2

Compare & Refine

- I E—RR

; . » Validate Against Experimental Data p
B * Iteratble Adjostment & Optimize Cuef tlEﬂtS

B A

Adjust Parameters

b v L : - > : ! B b :

'. Sl 5 i T

- e
€ . L s L = 3 '.-. y Fa & _" -



] How the Prediction Flow Works

Input Flux Components: Each interaction (QCD, QED, Weak, Gravity) is represented by its
4D current Jip. These are weighted by coefficients ai to form the total flux current.

Weighted Flux Density: The combined flux density is calculated as
pflux(r)=Xiai | Jip(r) | 2

This represents the total energy'density around quarks.

Property Calculations:
o Mass: MH=[pflux(r) d3r
o Magnetic Moment: pH=BQED (BQED > +BQCD<BQCD»
o Decay Rate: TH=yWeak | JWeakp | 2+yQCD | JQCDpu | 2

Outputs: The model predicts hadron mass, magnetic moment, and decay rate — all derived
from the unified quark flux environment.

This diagram makes the framework computationally actionable: by adjusting the weighting
coefficients ai,Bi,yi, you can fit experimental data and simulate new hadron properties.

To structure a numerical simulation outline for the Quark Flux Prediction Model— turning
the theoretical framework into a computational workflow suitable for symbolic or lattice-
based analysis. -

| Numerical Simulation Outline
1. Define the Flux Components
Each flux current is represented as a 4D tensor field:
Jip(x)=interaction strengthxfield operator .
To define:
 JQCDp=gsq yMHAaq
* JQEDu=eq yuq
¢ JWeaku=gWq yu(1-y9)q
e JGravitypu=kTvu
These can be encoded as symbolic functions or lattice operators.

QUARK FLUX PREDICTIONS FLOW

Flux Components & Lattice Functions 1



QUARK FLUX LATTICES
component equations flow predictions

2. Initialize Simulation Parameters

Parameter Description Typical Range

8.8 Gy K Coupling constants Experimentally known

&L, B Y, Weighting coefficients Tuned via data fitting
Lattice size Spatial resolution 32% x 64 typical

Temperature For thermal QCD simulations 100-500 MeV

. Compute Weighted Flux Density Output and Validation
" For each lattice point x: Compare simulated results with
pflux(x)=Yiai | Jip(x) | 2 experimental data:
This step integrates all flux contributions numerically.  Hadron masses (e.g., proton,
. neutron, mesons)
J Integrate for Hadron Mass e Magnetic moments
Use numerical integration over the lattice: e Decay lifetimes
MH=3 xpflux(x)AV Adjust coefficients ai,i,yi iteratively
where AV is the lattice cell volume. to minimize error.
. Extract Magnetic Moment £+ Computational Flow Summary
Compute rotational components of QED and QCD flux: 1.Initialize constants and lattice grid
MH=BQED(BQED>+BQCD<(BQCD>» 2.Compute flux tensors for each
Use Fourier transforms to extract field rotations. interaction
3.Combine into total flux density
J Estimate Decay Rate 4.Integrate for mass, extract
Evaluate weak flux intensity: rotation for magnetic moment,
F’H=yWeak | JWeaku | 2+yQCD | JQCDpu | 2 evaluate weak flux for decay
Average over time steps to get decay probability. 5.Fit results to experimental datﬁ.-
ol

15



¥ Theorization Steps Overview

Initialize Parameters
o Set coupling constants gs,e,gW, k.
o Input weighting coefficients ai,i,yi.
o Configure lattice grid and temperature range.

Compute Flux Components
o Calculate QCD, QED, Weak, and Gravity flux tensors Jip(x).
o Store them as 4D arrays for each lattice point.

Calculate Weighted Flux Density
o Combine fluxes:
pflux(x)=Yiai | Jip(x) | 2

Mass Integration
o Integrate over lattice volume:
MH=3 xpflux(x)AV

Magnetic Moment Extraction
o Compute rotatiohal field components:

Decay Rate Estimation
o Evaluate weak flux intensity:
F’H=yWeak | JWeaku | 2+yQCD

Compare & Refine 1
o Validate against experimental data.
o Iteratively adjust coefficients to minimize error.
This pipeline makes the quark flux model computationally actionable — you can simulate

hadron properties by integrating flux densities and refining parameters until the results
align with observed data.

from vwtialization to validation
QUARK FLUX SIMULATION PIPELINE

16



Quark Flux Prediction Model

Calculating Hadron Plroperties from Unified Flux Equation
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Theory Flow Highlights
« Initialize Parameters L
o Set coupling constants and lattice configuration.
o Input weighting coefficients for all flux types.

e Compute Flux Components

QCD Flux: gsq ydAaq

QED Flux: eq” yuq < now-correctly second in order
Weak Flux: gWq yu(1-y5)q

Gravity Flux: k Tpv

[e]

o

(e]

(e]

e Weighted Flux Density Calculation
pflux(x)=Yiai | Jip(x) | 2
» Mass, Magnetic Moment, and Decay Rate Computations Each derived from the
integrated or rotational properties of the flux density.
o Compare & Refine'Validate against experimental data and iteratively adjust coefficients.

This corrected version ensures the QED flux is properly positioned, reflecting its physical
role as the second major interaction after QCD in the simulation'sequence.



"4 Why This Matters

This model shows how quark-level flux interactions propagate upward, influencing
everything from hadron stability to atomic spectra and molecular chemistry. It's a
conceptual bridge between quantum chromodynamics (QCD) and quantum
electrodynamics (QED) — a step toward a unified field description.

# Theoritical Framework Overview

e Quark Scale - Quark Flux Dynamics
o Unified flux equation:

Jtotalu=aQCDJQCDu+aQEDJQEDu+aWeakJWeaku+aGravityJGravitypu

i Outputs: hadron mass, magnetic moment, decay rate.
y » Hadron Scale - Property Prediction

o Derived quantities: MH,pH,I'H.
"'. o These feed into the next scale as effective parameters for atomic modeling.

e Atomic Scale - Structure Modeling
o Uses hadron properties to compute energy levels and electromagnetic

transitions.
o Links QED flux to electron orbital behavior.

| = ; I
» Molecular Scale - Interaction Modeling

"
.. o Extends atomic flux coupling to chemical bonding and reaction rates.

° ‘Integrates weak and electromagnetic flux effects for complex systems.

» Unified Framework
o. Bridges all scales through flux continuity — the same underlying field principles

apply from quarks to molecules.
o Enables cross-scale simulations and experimental validation.

qﬁaVkQZevelJflux dynamics

MULTI-SCALE
QUARK FLUX MODEL ”



. Mathematical Continuity Model of Quark Flux

This model expresses how flux conservation and transformation propagate across scales —
from quark interactions to atomic and molecular systems.

1. Continuity Equation at the Quark Scale
. At the fundamental level, flux conservation follows:

opJtotalu=0
where
Jtotalp=aQCDJQCDp+aQEDJQEDu+aWeakJWeaku+aGravityJGravitypu

This ensures that the total quark flux is divergence-free — energy and momentum are
conserved across all interactions.

2. Transition to Hadron Scale
Integrate over the confinement volume VH:

JVHOpuJtotalp dV=0 '
This yields effective hadron parameters: I
MH=[VHpflux(r) d3r,uH=fVHrE xJEQED d3r

These act as boundary conditions for the atomic-scale continuity.

3. Atomic Scale Continuity
At the atomic level, flux transitions into electromagnetic field continuity:

\

EE=pQEDe0, VxBE=p0J=QED+n0c0IEE ot

The hadron magnetic moment gH modifies local field distributions, influencing atomic
energy levels.

4
- M
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. .| Mathematical Continuity Model of Quark Flux

4. Molecular Scale Continuity
Flux coupling between atoms is expressed as:

V EJ=molecular=-9dpbondat

where pbond represents the flux density associated with chemical bonding — an emergent
property derived from atomic flux overlap.

5. Unified Continuity Condition
Across all scales:

opJquarkp - opJhadronp- opJatomicpu-> opJmolecularp=0
This expresses flux continuity from quark confinement to molecular interaction — a

seamless conservation law through hierarchical domains.

7} Interpretation :

Quark flux defines the microscopic source terms.

Hadron flux integrates confinement effects.

Atomic flux translates into electromagnetic continuity.

Molecular flux emerges from overlapping atomic flux fields.

Together, they form a continuous flux hierarchy, preserving energy and momentum from the

smallest to the largest quantum scales.
- F..IE-I N ‘A
BB sl gy, s
al Continuity Model
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Unified Quark Flux Frameworlk

Integrating All Force Fields at the Quark Scale (4D Equation)

[ Color Flux (QCD) ] 9 . | Electromagnetic Flux ]
SO =gsqrag ¢ o S i=el'rq
* Gluon Fields I " Photon Interaction
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QUARK FLUX CONTINUITY
Theoritical Stimulation Outline
¥+ Quark Flux Continuity Simulation Outline
1. Initialization
» Define constants: gs,e,gW,k,ai,Bi,yi
e Set grid: 4D lattice (space + time)
e Boundary conditions: confinement radius for quarks, atomic radius for electrons

2. Flux Field Setup
For each lattice point x:
Jip(x)=interaction strengthxfield operator

Compute:

e JQCDu for gluon fields

e JQEDu for photon fields

e JWeakp for W/Z exchange

e JGravityu for curvature coupling

3. Continuity Enforcement
Apply discrete conservation:

JUH(X+AXx)-Ju(x)Ax=0
This ensures flux conservation across the grid.

4. Scale Transition
e Quark > Hadron: integrate flux density over confinement volume
e Hadron - Atomic: translate magnetic and mass parameters into electromagnetic
potentials
e Atomic - Molecular: compute overlap of atomic flux fields for bonding

5. Numerical Integration
Use finite-difference or lattice Monte Carlo methods:
MH=3 xpflux(x)AV
FH=3t | JWeakpu(t) | 2At

6. Output and Validation
e Compare simulated hadron masses, magnetic moments, and decay rates with
experimental data.
e Adjust coefficients iteratively using gradient descent or Bayesian optimization.

7. Cross-Scale Coupling

Ensure continuity:
opJquarkp=0opJhadronp=0ouJatomicp=0pJmolecularu=0

This maintains flux conservation across all scales.

This outline gives you a roadmap for coding the simulation — from initializing flux fields to
validating results.



QUARK FLUX CONTINUITY

Computational Continuity Simulation Outline
1. Initialization
¢ Define constants:
o Coupling strengths gs,e,gW,k
o Weighting coefficients ai,i,yi
e Set up a 4D lattice grid (space + time).
e Choose boundary conditions: confinement radius for quarks, atomic radius for electrons.

2. Flux Field Construction
At each lattice point x:
Jip(x)=interaction strengthxfield operator

Compute:

¢ JQCDM - gluon flux

¢ JQEDM - photon flux

e JWeaku »> W/Z boson flux

¢ JGravityp » energy-momentum tensor flux

3. Continuity Enforcement
Apply discrete conservation law:

JH(x+AX)-Ju(x)Ax=0
This ensures flux conservation across the grid.

4. Scale Transition
¢ Quark - Hadron: integrate flux density over confinement volume.
¢ Hadron - Atomic: translate hadron mass and magnetic moment into electromagnetic potentials.
e Atomic - Molecular: compute overlap of atomic flux fields to model bonding.

5. Numerical Integration
e Mass:
MH= xpflux(x)AV
¢ Magnetic Moment: extract rotational components via Fourier transforms.
e Decay Rate:
FH=3Xt | JWeakpu(t) | 2At

6. Validation
 Compare simulated hadron masses, magnetic moments, and decay rates with experimental data.
» Adjust coefficients iteratively using optimization methods (gradient descent, Bayesian fitting).

7. Cross-Scale Continuity
Ensure conservation across all domains:
opJquarkp=0uJhadronp=0opJatomicp=0pJmolecularu=0

@ Next Step
This outline is ready to be turned into pseudo-code (Python-style or Mathematica) for actual
implementation. It would show loops over lattice points, flux updates, and integration routines.



QUARK FLUX CONTINUITY

visualization of the Mathematical Continuity Model of Quark Flux

© What the Diagram Shows

Quark Scale: Unified flux equation ensuring conservation at the fundamental level.

Hadron Scale: Integration over confinement volume gives hadron mass and magnetic moment.
Atomic Scale: Electromagnetic continuity equations (Maxwell’s laws) emerge from quark flux
contributions.

Molecular Scale: Bonding flux continuity describes chemical interactions.

Unified Continuity Condition: A seamless conservation law across all scales, ensuring energy and
momentum flow consistently from quarks to molecules.

This makes the abstract math tangible — you can see how each layer builds on the previous one,
forming a continuous hierarchy of flux.



Mathematical Continuity Model of Quark Flux

Flux (nnservatlun from Quarks to Molecules
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CENTRIFUGE FORCE EQUATIONS

Centrifugal force is the apparent outward force experienced by an object moving in a
circular path. It is equal in magnitude and opposite in direction to the centripetal force. ;

L

Core Formula L

The standard equation for centrifugal force is:
Fc=m-ac=rm-v2 B3

Where:
e Fc = Centrifugal force (Newtons, N) = 3
* m = Mass of the object (kilograms, kg) * i

e v = Tangential velocity (meters per second, m/s) »

e r = Radius of the circular path or distance from the rotation axis (meters,

Alternative Formulaiiqﬁs
e Angular Velocity Form: Expressed in terms of angular velo

where v=w-r:
4

* Rotational Speed Form (RPM): Exp_r@gad using
minute): e,

easured in rad/s),

f)eed (n, in revolutions per
Fc=m-r(6'#rt-n)2z0.
Relative Centrifugal Force (RCF / g-Force)'

In laboratory centrifuges, force is usually expressed in multiples of Earth's gravitational
acceleration (g=9.81 m/s2), known as Relative Centrifugal Force (RCF):

RCF=gr- w2=1.118x10-5-rcm-(RPM)2

e rcm = Rotational radius in centimeters (cm)
* RPM = Rotational speed in revolutions per minute

outward apparvent divectives

CENTRIFUGE EQUATIONS



RELATIVE CENTRIFUGAL FORCE

details on aspects and components

Relative Centrifugal Force (RCF), often designated as > g or g-force, is a dimensionless ratio
comparing the radial acceleration generated inside a spinning centrifuge rotor to Earth's

l)
standard gravitational acceleration (g =~ 9.80665 m/s”).

While RPM (revolutions per minute) measures rotational speed, RCF quantifies the actual force
exerted on samples and serves as the universal standard for reproducing protocols across
different centrifuges.

Centrunge Speed Interactive Calculator




STANDARD FORMULA
Relative Centrifugal Force

L]

Key Mathematical Components

The standard formula for calculating RCF is derived by dividing centripetal acceleration (a, =
w?r) by standard gravitational acceleration (g):

(E‘r-RPlI J-’

] g J) T _ o o 1n—=5 - o
— V60 ) T 1118 x 1075 - 1oy - (RPM
9.80665 ER R e

Rotational Speed Component (RPM?>): RCF scales exponentially with the square of the
speed. Doubling the RPM quadruples the centrifugal force acting on the sample.

Radial Distance Component (7): RCF scales linearly with distance from the axis of
rotation. Because 7 varies along the length of a sample tube, RCF changes continuously‘
from top to bottom.

Gravitational Constant (g): Normalizes the force into multiples of standard gravity (1 X
g = 9.80665 111"..,.--5.3)*

The rules at Animal kingdoms in the Reservations Wildlife cannot ever be govern by human.
They stood for their own being. Each days many species are being more prone to the attack
of human greeds whom after their beauties.

For the reasons to make it more lasts, it is the human factors that must be kept in the
normative manners. Each of the planned journey near the wildlife reservations areas must
be monitored carefully. No risky tresspassing can ever allowed. Its not only for the safety of
the animals, but also for aversing the danger of animal responsive defense reactions
towards every human entering their natural living habitat.



 .MAGNETIC CENTRIFUGE
" MULTI ROTATOR ENGINES

from these concepts ;
centnfuge COMPONENts

A magnetic centrifuge multl-rot_ator.qngme is an advanced propulsmn or fluid-dynamics
concept that merges magnetic Ie'\ri_fa&_ion/drive mechanisms, multi-stage concentric or
planetary centrifuges, and viscous fluid coupling.

I* i - i

Core Architecture & perating Principles
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 .MAGNETIC CENTRIFUGE
" MULTI ROTATOR ENGINES

from these concepts ;
centrifuge COMPONENts

A magnetic centrifuge multl-rot_ator.qnglne is an advanced propulsion or fluid-dynamics
concept that merges magnetic Ie\lifat_ion/drive mechanisms, multi-stage concentric or
planetary centrifuges, and viscous fluid coupling.

l_* i - i

1. Magnetic Integration (Drive & Levitation)

o  Direct Electromagnetic Drive: Replaces mechanical drive motors by embedding
permanent magnets into the rotor assemblies and using outer electromagnetic stators
(similar to a brushless DC motor or active magnetic bearing array).

Frictionless Magnetic Bearings: Replaces mechanical bearings and lubrication systems
with Active Magnetic Bearings (AMBs). This eliminates mechanical drag, wear, and heat
generation at high rotational speeds.

2. Multi-Rotator Configuration

o  Counter-Rotating Dual/Multi Rotors: Multiple nested or coaxially arranged rotors spin in
opposite directions or at differential speeds (Aw = w; — wy).

Planetary Centrifuge Modules: Smaller peripheral rotor buckets rotate on their own axes
while revolving around a central spindle, multiplying local g-forces for enhanced

separation or fluid acceleration.



 .MAGNETIC CENTRIFUGE
" MULTI ROTATOR ENGINES

from these concepts ;
centrifuge COMPONENts

A magnetic centrifuge multl-rot_atoq.qngme is an advanced propulsion or fluid-dynamics
concept that merges magnetic leVitation/drive mechanisms, multi-stage concentric or

planetary centrifuges, and viscous fluid coupling.

Fluid Dynamics & Viscosity Dynamics
The engine leverages fluid shear and centrifugal force to create thrust, heat, or energy

separation.

Shear Stress & Dynamic Viscosity
Inside the inter-rotor gaps, shear stress (7) is generated according to Newton’s Law of

Viscosity:

©  1: Dynamic viscosity (Pa - s)

o d},. _: Velocity gradient across the gap (s 1)

In counter-rotating nested rotors with radii 7; and r» and angular velocities w; and —w», the

relative shear rate increases significantly:

dV  rw) — (—ryws)
dy ~ re — T




 .MAGNETIC CENTRIFUGE
" MULTI ROTATOR ENGINES

from these concepts ;
centrifuge COMPONENts

A magnetic centrifuge multl-rot_ator.qnglne is an advanced propulsion or fluid-dynamics
concept that merges magnetic Ie\lifat_ion/drive mechanisms, multi-stage concentric or
planetary centrifuges, and viscous fluid coupling.

Sedimentation & Mass Separation

As fluid passes through the multi-rotator, suspended particles or heavier fluid fractions
experience Relative Centrifugal Force (RCF):

R(jF — 1.118 > Iﬂ 2 T . {rp]_-ll}:l
Sedimentation velocity (v) follows Stokes’ Law under centrifugal force:

(f“ [ — _.f_n} wir
187

©  Viscosity Thermal Thinning: High shear rates and centrifugal friction increase fluid
temperature, reducing dynamic viscosity (7). Lower viscosity accelerates particle drift

velocity (v), increasing operational efficiency.



 .MAGNETIC CENTRIFUGE
" MULTI ROTATOR ENGINES

from these concepts ;
centrifuge COMPONENts

A magnetic centrifuge multl-rot_ator.qnglne is an advanced propulsion or fluid-dynamics
concept that merges magnetic Ie\lifat_ion/drive mechanisms, multi-stage concentric or
planetary centrifuges, and viscous fluid coupling.

l_* i - i

Concept Comparison Table

Feature / Dimension Standard Centrifuge Magnetic Multi-Rotator Engine

Drive Mechanism Mechanical motor & spindle Integrated electromagnetic stator
array

Bearings Mechanical ball/roller Active magnetic bearings
bearings (contactless)

Rotator Setup Single rotor (Fixed/Swinging)  Coaxial nested or planetary multi-
rotors

Shear Generation Internal disc stacks Inter-rotor differential shear gaps

Primary Limits Bearing wear, mechanical Thermal dissipation, magnetic
friction saturation




 .MAGNETIC CENTRIFUGE
" MULTI ROTATOR ENGINES

from these concepts ;
centrifuge COMPONENts

A magnetic centrifuge multl-rot_ator.qnglne is an advanced propulsion or fluid-dynamics
concept that merges magnetic Ie\lifat_ion/drive mechanisms, multi-stage concentric or
planetary centrifuges, and viscous fluid coupling.

l_* i - i

Key Engineering Challenges

©  Gyroscopic & Rotordynamic Instability: Multi-axis or counter-rotating high-mass rotors
produce severe precessional forces. Real-time active magnetic positioning algorithms are
required.

Thermal Viscosity Control: Because viscosity drops as temperature rises, active cooling
or thermal management is necessary to maintain required fluid shear or buoyancy forces.

Magnetic Shielding: High electromagnetic fields driving the rotors must be shielded to
prevent interference with sensitive flow meters or external control sensors.




.+ ROTORDYNAMIC
- INSTABILITY

from these concepts ;
_ centrifuge COMPONENts

-l

: Rotordynamic instability occurs when non-conservative
.- . cross-coupled forces transfer rotational energy from
! a rotor's spin into lateral whirling motion.

~ -“Unlike forced response (e.g., mass unbalance), rotordynamic instability
is a self-excited vibration that grows exponentially once the rotor
- exceeds a threshold speed, governed by negative effective damping.

.|
! ] 1

1. Primary Aspects of Rotordynamic Instability

Rotordynamic stability analysis evaluates the interaction between physical instability
mechanisms and system dynamics:

©  Fluid Film Forces (Oil Whirl & Whip): Fluid film hydrodynamic bearings generate
asymmetric pressure distributions. The cross-coupled stiffness (K, # K,.)actsasa
destabilizing tangential force perpendicular to shaft deflection.

Internal Material Damping (Hysteresis): Rotating damping inside the shaft material or at
shrink-fit interfaces causes a phase lag between shaft bending and stress response,
inducing forward whirl above the first critical speed.

Aerodynamic Cross-Coupling (Alford Force): In turbomachinery, non-uniform blade
clearance causes asymmetric thermodynamic work across the circumference, driving
lateral forces on impellers and turbines.

Gyroscopic & Asymmetric Stiffness Coupling: High polar-to-transverse inertia ratios (
I,/ I) split critical speeds into forward and backward precession modes, modifying
stability boundaries.




ROTORDYNAMIC
INSTABILITY

from these concepts ;
_ centrifuge COMPONENts

: Rotondynamic':"m_st:gbility occurs when non-conservative
.- . cross-coupled forces transfer rotational energy from
! a rotor's spin into lateral whirling motion.
~ -“Unlike forced response (e.g., mass unbalance), rotordynamic instability

is a self-excited vibration that grows exponentially once the rotor
- exceeds a threshold speed, governed by negative effective damping.

2. Core Equations Governing Rotordynamics

A. General Equation of Motion (4-DOF Rotor System)

The discretized linearized equation of motion in stationary coordinates is expressed as:
Md(t) + (C +QG)q(t) + (K + K. (Q))q(t) = Feue(?t)

where:

M is the symmetric mass matrix.

C is the symmetric physical damping matrix.

G is the skew-symmetric gyroscopic matrix (GT = —QG).

K is the symmetric structural stiffness matrix.

K. is the asymmetric cross-coupled stiffness matrix (Kf =1)
(1 is the rotor spin speed (rad/s).

q(t) = [z,y,0,,0,] is the generalized displacement vector.




ROTORDYNAMIC
INSTABILITY

from these concepts ;
_ centrifuge COMPONENts

B. Fluid Film Bearing Forces & Instability (Oil Whirl / Whip)

Hydrodynamic bearing forces are linearized using 8 x 8 dynamic coefficients (4 stiffness, 4

damping):
-l B[ &l
F, Ky Kyl |y Cyr Cy| (¥

For a symmetric bearing model where K, = K, = K,C,, = C,, = C, K, = k.and
K, =—k

yT

1. Threshold Speed of Instability (£2,;):
The threshold speed where whirl frequency ratio (WFR) triggers instability is given by:

Wy, K

. ~ 24
o = WFR = %Y

m

(For classic hydrodynamic journal bearings, WFR. = 0.48 — .50, leading to oil whirl at
roughly 2 x the first natural frequency w,).

Whirl Energy Rate (Work Per Cycle):

The net energy input E{,yr_.;ﬁ imparted to the rotor orbit of radius F£ per cycle by cross-
coupling stiffness k versus direct damping C'is:

Er.'yr.'ff‘ '}TR_}("E" “"ICII)

ifk > wC,,, energy is continuously added to the rotor orbit, causing unbounded
exponential amplitude growth.




.+ ROTORDYNAMIC
INSTABILITY

from these concepts ;
_ centrifuge COMPONENts

]
el

C. Internal Damping Instability Equation

For a rotor with internal rotating damping C; and stationary external damping C., the lateral
force vector in rotating coordinates transformed back to fixed reference frame yields:

- Quy
(x

This generates a destabilizing cross-coupled force kini = C:). The system becomes unstable
when the spin speed satisfies:




ROTORDYNAMIC
INSTABILITY

from these concepts ;
centrifuge components

D. Aerodynamic Cross-Coupling (Alford's Force)

In axial turbines and compressors, blade tip clearance variation A3 generates an aerodynamic
cross-coupling force Fj:

0 Q B-T

Kr;frf;rfynurm'f: { Q U‘] 1 where Q ﬁ

where:

T is the stage torque.

D is the rotor pitch diameter.

H is the blade height.

3 is Alford's efficiency factor parameter.

( is the cross-coupled aerodynamic stiffness parameter.




ROTORDYNAMIC INSTABILITY

E. Eigenvalue Analysis & Stability Criteria
To determine absolute stability, substitute state-space solution g(t) = ge® into the
homogeneous equation of motion to solve the complex eigenvalue problem:

"

det ($*M + s(C + QG) + (K + K.)) =0

The complex roots are 8; = A; + iw;, where A; is the decay rate and w; is the damped

natural frequency.

1. Logarithmic Decrement (J):

O  StableSystem:\; <0 — 4 > 0
©  Threshold Speed: A\; =0 — 4 =10

©  Unstable System: A; > (0 — 0 <

2000 f —— DYNROT 1 12D T @l
——— DYNROT1D '
O O ANEYS1D

s AMETE 3D .
e Rfi)
Ral(&) |

1008 1500
[, (rackE)

Campbell diagram showing critical speeds and
precession branches. Source: ResearchGate




ROTORDYNAMIC INSTABILITY

Instability Type Primary Driver Key Parameter / Mitigation Technique
Threshold

Qil Whirl Hydrodynamic wedge Q ~ 2w, Tilt-pad journal
fluid shear bearings, anti-whirl
profiles

Oil Whip Fluid force locked to 0 > Increase bearing direct

2w,, (locked to

Ist critical speed w,,) damping C;

Flexibly mounted
bearing supports,
stress isolation

Internal Friction Shaft material or Q> w,(1+ Ce/C;)
shrink-fit lag

Swirl brakes, damper
seals
(labyrinth/honeycomb)

Alford Effect Non-uniform blade Cross-coupled
clearance torque stiffness ()




ANTI MAGNETIC
PHONON SHIELDING

¥ - ‘-. ¥ L]

Building an "anti-magnetic" shiéld for a space vehicle using dense exterior layers of  *
phanon shielding involves a multi-physics approach known as magneto -acoustic
and electro phonon decoupling.

Phonons are quanta of mechanlcalllattlce vibrations (qeoustlc waves and heat)
while magnetic fieldsare electromagnetlc forces.

To use phonons to mitigate magnetic interference, induction heating, or
magnetohydrodynamic (MHD) plasma forces-during spaceflight, the shield relies on
phononic crystals (PnCs) and piezoelectric or magnetostrictive metamaterials.

STEP-BY-STEP TECHNICAL FRAMEWORK TO ENGINEER THIS SYSTEM
PHASE 1: MATERIAL & STRUCTURAL ARCHITECTURE

THE SHIELD IS ARRANGED IN A MULTI-LAYERED FUNCTIONAL STACK ON THE HULL
EXTERIOR, PROGRESSING FROM THE OUTER VACUUM INTERFACE INWARD TO THE
SPACECRAFT SUI'-"ERSTRUCTURE

[ OUTER SPACE iEN\ﬁRONMENT 1

|
———"LAYER 1: PIEZO- ELECTRIC METAMATERIAL (MAGNETIC -TO- PHONON

TRANSDUCER) ; .
——LAYER 2: ULTRA- DENSE-ACOUSTIC/PHONONIC BANDGAP SUPERLATTICE '
(PNC)

———LAYER 3: PHONONIC-THERMAL HEAT SINK: /- THERMOELECTRIC HARVESTER
—— LAYER 4: HIGH-PERMEABILITY CRYOGENIC SUPERCONDUCTOR (PASSIVE
MAGNETIC CORE)

| . P
[ SPACECRAFT INNERHULL ] n L5y



ANTIMAGNETIC
“+~ PHONON SHIELDING

Layer 1: The Transduce[rSurface
(Magnetic-to-Phonon Conversion)

* o Components: Ferrimagnetic or magnetostrictive materials (e.g., Terfenol-f))
* paired with piezoelectric ceramics (e.g., Lead erconate Titanate or Barium
Tltanate)

¢ Mechanism; When incoming magnetic field lines fluctuate against the hull ('or
during re-entry MHD interaction), the magnetosthctlve layer experiences *

« physical strain. This converts incoming magnetic energy into coherent

+ . vibrational phonons within the lattice instead of allowing magnetic flux to
penetrate.

L]
]

Layer 2: Dense Phononrc Crystal Superlattlce
(Phonon Trap)

e Components: Alternating sub-nanometer layers, of high-density and low-density
materials (e.g.,"Tungsten ($W$) and Silicon ($Si$), or Graphene/Titanium-Nitride .«
superlattlces) . .

« Mechanism: : ; .
a.Bragg scattering and local resonances createsPhononic Bandgaps (PBGs).
b:The generated phonons are reflected, redirected along the hull surface, or*
trapped in localized defect modes. "
c.This prevénts the mechanical vibration and eddy currents from penetrating
into the primary hull.

-



ANTIMAGNETIC
“+~ PHONON SHIELDING

Phase'2: EIectro-Phqnonic Decoqbling Mechanism

To counteract static and low-frequency magnetic fields using phonons:

' _* Active Phonon Injection: Electro- acoustlc transducers inject high-frequericy
phonons (hypersonlc frequenmes $\text{GHz}$ to $\text{THz}$) into the outer

metamaterial matrix. .

* Lattice Distortion: High-amplitude, coherent acouystic phonons cause rapid
periodic deformation of the solid crystal lattice.

i Spih-Phonon Coupling Suppressibn: The lattice deformation disrupts the spin-
orbit interactions and magnetic domain realignments within the shield's
magnetic-responsive layers.

. Th|s dynamically suppresses the magnetlc permeability ($\mu$) of the outer
* shell, causmé the magnetic flux lines to’ bend around the craft (a magnetic
cloaklng effect). .

Phase 3: Energy Dissipation & Harvesting

The phonons generated by blocking the magnetic field represent trapped kinetic
and vibrational energy: If unmanaged, this turns into extreme heat.
E 5 - “u

* Phonon Waveguides: Channel trapped high-frequency phoﬁons along the
perimeter of the hullusing topologi¢al phononie edge-states.

e Thermoeletric Conversion: Route the phonon energy,toward thermoelectric
arrays (e.g., Bismuth Telluride layers) to convertwibrational and thermal energy
back into auxiliary DC power for the®vehicle's onboard systems.



Summary Checklist for Engineering Design

Layer

1. Transducer Shell

2. Phononic Bandgap

3. Topological
Waveguide

4. Thermoelectric
Harvester

Primary Function

Converts magnetic energy into
mechanical phonons

Blocks and redirects
acoustic/phonon propagation

Routes phonons to heat sinks
away from crew quarters

Converts dissipated phonon
heat into electrical power

ANTIMAGNETIC
“+~ PHONON SHIELDING

Materials Used

Terfenol-D / PZT Piezoelectric
Composites

Alternating Tungsten/Silicon
Superlattices

Engineered Acoustic
Metamaterials

Bi,Te; / Thermoelectric Meta-
devices
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QUANTUM FIELD
Lattice of The Phonon Engines

how quantum field stabilization channels zero-point energy into the
phonon lattice of the phonon engine for a stellar journey. This
step-by-step guide shows the technical flow and stabilization process:
E 3
Initialize Quantum Field
Setup
Stabilize the quantum vacuum to prepare zero-point energy extraction.
* Align superconducting magnetic rings
» Establish quantum coherence zones
e Monitor vacuum fluctuation amplitudes

Extract Zero-Point Energy
Critical
Draw energy from vacuum fluctuations into controlled channels.
E_{ZPE} = \frac{1}{2}\hbar\omega

e Use quantum harmonic oscillators

o Capture fluctuation spikes via resonance

* Regulate flow with photon fe

Feed Energy into Phonon Lattic

Conversion

Channel zero-point energy in
e Direct energy beams into
» Excite phonon vibrationa
* Balance heat dissipation

lattice for usable power.

oustic recycling

Stabilize Engine Output

Safety

Ensure lattice oscillations remain coherent for propulsion stability.
* Apply photon-phonon coupling feedback
* Monitor resonance frequencies
* Adjust damping coefficients to prevent runaway oscillations

This process highlights how quantum stabilization ensures a
continuous feed of zero-point energy into the phonon Ilattice,
transforming vacuum fluctuations into structured vibrational energy
that powers the phonon engine. It's essentially a bridge between the
quantum vacuum and macroscopic propulsion stability.

26
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