A Classical Quantum Theory

Introduction

The QuantumTheorywasdevelopedo explainthe structureof atomicspectraandthe randomnature
of radioactivedecayboth of which seemedo contradictthe principlesof classicalphysics.The historical
context is that towards the end of the nineteenthcentury Classical Physics seemedwell developed.
Everythingwasgovernedoy exactphysicallaws and naturewent abouther businesswith the precisionof a
clock. Maxwell'slaws explainedalmosteverythingandhadenabledhe technologicafevolutionof electrical
engineeringThenThompson'sliscoveryof the electronopenedheway to Rutherford'sevelationthatatoms
werenot solid balls, but emptyspacenhabitedby a positive nucleusandorbiting electronsThe discoveryof
radioactivityshowednatureactingrandomlybreakingthe neatlaws of NewtoniandeterminismThe attempts
of Lorentzto show that evenmasswas electromagnetién naturehad cometo nothing.In 1905, Einstein
reinterpretedthe work of Lorentz and Poincaréin his theory of Special Relativity which gained wide
acceptance some 11 years later with the publication of his theory of General Relativity.

In my earlierworks, | haveshownthatthe historicalorderingof discoveriess a determiningfactorin
the developmenbf theories.By imagininga different history in which we take selectednoderndiscoveries
andtools backin time, we are ableto take alternativeroutesof reasoningand developalternativetheories.
Thushby taking the modelof a nucleusconsistingof protonsandneutronsbuilt of Up andDown quarks,and
correctdataon the variation of masswith speedof betarays, it is possibleto completeLorentz'swork on
inertial mass.As the consequencedf this are explored,we find thata "Lorentz PoincaréRelativity" would
have prevailedover Einstein'sSpecialRelativity. The two theoriessharingthe sameequationsput having
different physical interpretations.

One of the consequencesf the adoptionof Einstein'srelativity wasthatit robbedmagneticfields of
their substanceln classicalphysics,magneticfields consistof magneticflux which hasan energydensity
andis veryreal.In Einstein'stheory,observersn different statesof motion observedifferentmagneticfields
and this is explainedby postulatingthat magneticfields are an artefact of observationcausedby the
observer'snotionrelativeto anelectricfield. Returningto a LorentzPoincaréworld in which magneticfields
arereal opensthe way for a classicalexplanationof atomicspectraln additionto this we takebackin time
the discovery that magnetic flux behaves as if it is quantised.

The result is truly amazing.

Electron orbits

The natureof magneticfields is profoundly affectedby their geometry.Wind a solenoidto form an
inductanceandtheorywill accuratelypredictits inductanceReducethe solenoidto a singleturn of wire and
its inductancebecomegdependenbn the diameterof the wire. Theoreticalanalysisonly producesntegrals
which haveno algebraicsolution. Whenwe look at Lorentz'stheory of inertial mass,we find the electron
surroundedy a magneticfield of incrediblestrength.Thelines of force form circlesaboutits line of motion
andthe magneticflux moveswith the electron.Whenwe look at a solenoid,it is the combinedactionof the
motionsof the electronswithin the wire that causeghe magneticfield to form. The lines of flux are now
stationary relative to the solenoid.

If we apply the principlesof classicalphysicsto the Rutherfordmodel of a hydrogenatom, we are
temptedto seethe orbiting electronasforming a currentloop andgeneratinga magneticfield. Alternatively,
we might look on the orbiting electronand apply Maxwell's laws concludingthat it mustbe radiatingvast
amountsof energyin the form of electromagnetiadadiation. The electronshould spiral into the nucleus
collapsing the atom!!!
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The missinglink is the quantizationof magneticflux. The moving electronis generatingwo distinct
magneticfields with different scalesand different geometriesOne very strong moving with the electron,
surroundingt with thelines of flux forming circlesaboutits directionof motion;the othersitting within the
currentloop formed by its orbit. Now classicalphysicsgives us a way of calculatingthe strengthof this
magneticfield at its centre.In roundfigures, this is 12.5 T, which is about5 times the magnitudeof the
strongestfield we can createwith magnets.But when we take into accountthe extremelysmall size of
electronsorbit, we find thatthe flux in thatareaof a 12.5T field is only 1.1 x 10 W comparedwith he
quantum fluxoid'sb, = 2.07 x 10® W, there seems to be no match.

It is only whenwe take on the task of writing a computerprogramto computean accuratenumerical
integrationthat tings suddenlystartto makesenseWe find that aswe approachvery closeto the wire of a
currentloop, the magneticfield strengthapproache&-z wherer is the radiusof the loop andx the distance
from the centreof the wire. Integratingfrom the centreof the loop towardsthe electron'sorbit, we find that
the quantumfluxoid will fit within the orbit leavinga narrowtunnelabouttwice the diameterwhich Lorentz
attributedto the electron.We aresaveda furtherintegrationto find the energycontentof this magneticfield
becauselassicalphysicstells usthatthe energyin aloop of magneticflux @ threadedy acurrenti is 3 i ®.
Takingthefiguresfor the velocity of the orbiting electronfrom Bohr'stheory,we find thatthe energycontent
of the quantumfluxoid is exactly half the kinetic energyof the electron.Now accordingto Lorentz, the
kinetic energyresidesin the magneticfield generatedy the electron'smotion. We cometo the conclusion
that the principle of equipartitioningof energymust occur so that the energyin the magneticfield of the
electronis split equally betweenthat part which moveswith the electronand that part which is stationary
within the orbit.

If we now returnto Lorentz'smodel, we seethat half the energyof the magneticfield of a moving
electron is within a spherical surface of twice the radius of the electron.

Historical reconstruction

Now let us imaginethat we are backin 1917 trying to solve the problem of the natureof atomic
spectralt is adifferent1917from thatrecordedn history.Lorentz'stheoryof electromagneticmasshasbeen
acceptedand incorporatedinto a theory of relativity basedon the work of Lorentz and Poincaré.The
quantization of magnetic flux has been discovered. Short lengths of tinned copper wire cooled to
superconductingemperatureandtheir magneticmomentmeasuredThey aretreatedas solenoidsandtheir
magnetic flux & is calculatedfrom their magnetic moment. The results are all integer multiples of
d, = 2.07... x107® Weber, a quantity now known as the quantum fluxoid.

From a classicalpoint of view, the orbiting electronshouldform a currentloop containingmagnetic
flux ®. The currentin theloopisi = vq wherev ("nu") is the frequency(orbits per second)and g the
charge of the electron.

Suppose that the current loop contains a magneticiflux n ®,, then its energy content will be:
510 = vqnd,

If we now assumesquipartitioningof the electron'skinetic energybetweenthat part of the magnetic
field which moveswith the electronandthat partwhich is stationarywithin the orbit. The kinetic energyof
the electronis v g n ®,. The Virial theoremstateshatthetime averagegotentialenergyof a systemis half
its total energy.We know the total energyis negativebecauséhe electronis boundandthe Virial theoremis
expressedh termsof thekinetic energyK giving the energyof the systemas—K andthe potentialenergyas
—2K. Now the potential energy is known from Coulomb's law and we can write:

Page2 of 5
A Classical Quantum Theory Copyright Bruce Harvey 2003



—_ q2
dmegr
We can also write the kinetic energydas u? whereu = 2z r v is the electron's velocity.

= 2vqnd, (1)

1
Em(anv)Z: v qnd, 2)
We can solve equations (1) and (2) to give:
_n24€o(bo V_l gm
Tm nd 32 ®3 ¢4

Thesearethe equivalentof Bohr'sresultwhich may be obtainedby substituting®, = 4L, the modern
definition of the fluxoid quantum.

Now that we have a value ferwe can calculate the energy of the orbiting electron:
-1 gm -1 ¢*m

& = nd, = — nd, = —
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Again, substituting ofoy = 4L yields the familiar result from the Bohr theory.

Analysis of atomic spectrahasrevealeda relationshipof the form 4 — 4 betweenthe frequenciesof
the spectral lines and it is not hard to conclude that there is a link between frequency and energy.

Photons

It wasalreadyestablishedhat light camein photonsandthat the energyof a photonwashv. Bohr's
theory makesthe link, but neverreally explainswhy the photon'sfrequencyshould be governedby this
relationship.

In our historical reconstructionwe can seethat thereis a definite relationshipbetweenquantaof
magneticflux, chargeandenergy.We know from Maxwell'slaws thatmagneticflux comesin loopsandthat
magneticflux moving at the speedof light generatesn electricfield with regionsof displacementhargeat
its ends.We will now make a bold assumptionithat eachhalf phaseof a photon must be composeda
guantum fluxoid and that it forms a half phase because its associated electric flux is also quantised.

Sowe makethe evenbolderassumptiorthatthereis an electricflux quantoid¥, = § wheree is the
chargeontheelectronandN is anintegerto be determined(We would hopethatat a later date,we would be
able to understand hoM; 3N and4N electric flux quantoidit together to form electrons U and D quarks.)

Now let us considera circular loop radiusr of magneticflux @ = dl ér B with rectangularcross
sectiondl x or moving at the speedof light togetherwith its electric flux ¥ = 2z r 6l D. The energy
densitiesof the electricand magneticflux will be 1 D E and4 BH. The fields arerelatedby inductionlaws
E = cBandH = cBresultingin the two energydensitiesbeingboth equalto 3 ¢ D B. Thusthe energyof
the loop i€ = 2xr 6l or cDBand sincel = 2xr 6l Band® = 6l or Bwe can simplify this to give:

cYo
& =
ol
Noting that the frequencyy andwavelength arerelatedby v = ¢ we makethe obviousdeduction

that the energyof a photonis proportionalto its frequencyif all photonscontainan equalnumberof half
phases each consisting of a magnetic flux quantoid and and electric flux quantoid.

We have carried out this analysisfor what is essentiallya "squarewave" photon, but interference
experimentsare bestexplainedassumingight is sinusoidal.We arenot at liberty to alteryr becausehatis
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controlledby the inductancdaws and dependson r. What we cando is assumehat the flux densitiesare
sinusoidaland use integration. Unfortunately a factor of %2 = 1 emerges. Howeveronly a very slight
variation on the sine wave shape would be needed to correct for this.

Flux tunnels

The next surprisecomeswhenwe calculatethe magneticfield strengthof the quantumfluxoid. We
havealreadysaidthatit just fits insidethe electronorbit leavinga tunneljust undertwice the radiusLorentz
attributed to the electron.

2
MO _ 1878 x 1078

- 6am
Calculating the magnetic field strength of the tunnel wall:
B = N4l _ 53 10°
2am

It is normalin atomiccalculationgo meetquantitieswhich aremanyordersof magnitudesmallerthan
anythingwe encounteiin the macroscopiavorld. To meeta magneticfield strength10 ordersof magnitude
greaterthanthosenormally encounterediefiesthe imagination.If anelectroncould movethroughafield of
this strengthwith the velocity of anorbiting electronin a hydrogenatom,it would experiencenacceleration
of 2.43 x 10*" metre/set Dividing thatby the acceleratiorof an electronorbiting the hydrogenatomgives
26900.We concludefrom this if thefield of the quantumfluxoid hasa degreeof stability, it is ableto exert
guiding forces on the electron 3 or 4 orders of magnitude greater than the electrostatic forces.

The pictureof the groundstateorbit of hydrogenthatemergess oneof a singlemagneticentity in the
shapeof thefield surroundinga currentloop. The partfield passinghroughthe centreof theloop reache®ut
far beyondthe atom. The critical scaleis the distancelight travelsin the time it takesthe electronto make
one orbit: 4.5 x 1078, Loops longer than this cannotrespondto the instantaneousnotion of the electron.
Sincethe quantunmfluxoid is a singleentity partof which extendseyondthis range,it is anchoredwithin the
orbit and given stability. But the vastbulk of the substancef the fluxoid forms this guiding tunnelaround
which the electronorbits. Long term, the electroncontrolsthe positionandform of the tunnel,but at a time
scale of a fraction of the orbital period, it is the tunnel which controls the electron.

Higher orbitals

Let us now examinethe dependencen n andseehow closelythe resultsmirror the Bohr model. The
"fluxoid atom"hasstablesolutionsfor integernumbersof quantumfluxoids. We haveseernthatr = n?42%

andv = 4 32(11%168 following from the assumption that each allowed state contedgusgntum fluxoids.

Thetotal energyof the systemin that stateis negativeandnumericallyequalto the kinetic energy.We
haveseenthatthis is v gn ®,, but it is perhapseasierto understandf we introducethe currentequivalent
i = vaq. If we take into account the fact that< % we may write:

. : i ig
in = vnQ |n:n—3 gz—ﬁn%
Rememberinghe relationshipbetweenrenergieswe seethatfor n = 2, half the kinetic energyis now

containedwo quantumfluxoids eachof } the energycontentof the groundstatefluxoid. The "tunnellength”
of each fluxoid is twice that of the ground state fluxoid giving a path length four times that of ground state.

We find that this setof relationshipssimply scalesthe numericalintegralsusedto calculatehow the
fluxoids fit within the orbital path. The currentis reducedby 2 but the flux is proportionalto r which is
increasedy a factor n?. Sincen fluxoids mustbe fitted insidethe orbit, the integralis independenof n and
the tunnel diameter is unaltered.
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The ny, tunnelthereforeconsistsof n sectionsof tunnel eachformed by a fluxoid of X the energy
contentof the groundstatefluxoid. The n fluxoids containhalf the kinetic energyof the electron,the rest
beingcontainedn athe magneticfield surroundinghe electronandmovingwith it. The sizeof thetunnelis
such as to make a tight fit guiding the electron on its path.

Fine structure

| had at first thoughtthat the fluxoids would be divided along the length of the tunnel so that the
orbiting electronwould passthrougheachfluxoid in turn. This would not explainthe fine structureof the
hydrogenspectrumWhenviewedunderhigh magnification,eachspectralline is foundto consistof several
thinnerlines. In the presencef a magneticfield, thesespreadout indicatingthat the fine structureis duea
magnetigpropertyof the orbit. The Somerfieldmodelof the hydrogenatomexplainedfine structureasdueto
elliptical orbits, but is logically flawed in that its groundstaterequiresthat the electrondoesnot orbit the
nucleus but oscillatesbackandforth passinghroughthe nucleus.The fine structurecanbe explainedmore
simply by the fluxoid model if we allow for different ways of fitting the fluxoids into the orbit.

We needto considerthe orbiting electronas a currentloop threadedby a small numberof quantum
fluxoids. The normalsymmetryof the "far field" of a macroscopicurrentloop somecentimetresn diameter
no longerapplies.We havea choiceasto how to insertseveralfluxoids. At leastone musttightly wrap the
path of the electronandis unableto be part of the far field. The fine structureresultsfrom the magnetic
momentof the orbiting electronscurrentloop. The interaction of macroscopiccurrentloops which we
attributeto their magneticmomentresultsfrom changesn the quantity of flux threadingboth loops. Since
this constitutesa vastnumberof individual fluxoids, the classicalunderstandingf magneticmomentholds
good. When we cometo the scaleof electronorbits threadedby only a small numbersof fluxoids, the
conceptis misleadinglf we haveanorbit containingsay3 fluxoids, 1, 2 or 3 of themmight tightly wrapthe
path of the electron.If 1 fluxoid tightly wrapsthe path,the 2 remainingfluxoids are free to interactwith
externalmagneticfields. If two fluxoids tightly wrap the path, only one is left to interactwith external
magnetic fields. We arrive at the equivalent of the Bohr quantum numberi.

Helium

I havehad somesuccessn applyingthis modelto the helium atom.If we assumehattwo electrons
cansharethe samefluxoid tunnelalwaysbeingon oppositesidesof the nucleusthe groundstatewith only
onefluxoid threadingthe orbits givesan energylevel of -83.3 electronvolts comparedo the experimentally
determinedvalueof 79.0electronvolts. Onepossibility is thatthe electronsmight find it easierto squeeze
throughthe tunnelif one follows the other more closely. The reduceddistancebetweenthe two electrons
changes the potential energy.

Anotherpossibility is that the orbits of the two electronsto threadone another.The energylevelsare
far more difficult to calculatebecausave do not know the extentto which the magneticfields are able to
stabilisethe orbits or the force betweerthe electrongo perturbthem.We canobtainthe correctanswerwith
well behaved orbits inclined gtradians to each other.

Protons and neutrons

To my utteramazementywhenwe applythefluxoid conceptto the 3 quarkmodelof nucleonswith the
two similar quarksorbiting the third quark within the samefluxoid tunnel, the diameterof the orbits is
reasonably close to their assumed diameters.
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