1 Einstein’svision Il: A unified force equation with constantvelocity solu-
tions

Abstract

In quantumelectrodynamicgphotonshave four modesof transmissionatleastmathematicallytwo trans\ersemodes
for electrodynamicsa longitudinal,anda scalarmode. The probabilitiesof the lasttwo modescanceleachotherout
for photonsin avacuum but thatdoesnot have to bethe casefor anonhomogeneousquation.Onepotentialsolution
to thefield equationss foundwhich dependon theinverseof aninterval betweentwo eventssquaredTheforcefield
createcdby the potentialis constructedy comparisorwith the classicalNewtoniangravitationalfield. The Lagrange
densityL= scalar(-(JA*) - 1/2 Box* A Box A*) cancontributeto a scalarmode,but still hasthefield equationsof
Maxwell with the choiceof the Lorenzgauge. A relatiistic force equationis proposedcreatedby the productof
chage, normalizedforce field, and 4-velocity: dmU/dtau= kq Box* A/|A| U*. The solutionto the force equation
usingtheinversesquareinterval potentialis found. Eliminatingthe constantgenerates metricequation(dtau)™2=
e™-(2GM/c 2tau)dt™2 - e"(2GM/c 2tau)dR"2,wheretauis alightlik e interval with almostthe samemagnitudeasthe
radiusR of separatiorbetweernsourceandtestmassesFor a weakgravitationalfield, the metricwill passthe same
testsasthe Schwarzschildmetric of generalrelativity. The two metricsdiffer for higherorderterms,which makes
theproposednetricdistinctandtestablesxperimentally A constant-elocity solutionexistsfor the gravitationalforce
equationfor a systemwith anexponentially-decayingnassdistribution. The dark matterhypothesiss not neededo
explain the constant-elocity profilesseenfor somegalaxies.Gravity is a metrictheory electromagnetisris not. By
usingRiemanniarguaternionsvhich canhave dynamicbasisvectorsjt becomegpossibleo memgemetrictheorywith
thelinear Maxwell equationsThe proposaimayalsohave implicationsfor classicabig bangtheory

An opportunity for classicalgravity?

Theelectrodynamidield canbe quantizedn a manifestlycovariantform by fixing thegauge(K. Bleuler, Helv. Phys.
Acta, 23:567,1950,and S. N. Gupta, "Theory of longitudinal photonsin quantumelectrodynamics”Proc. Phys.
Soc.,63:681-691). The startingpoint is the 4-potentialA"mu. Thereare four modesof transmissiorfor photons
correspondindo thefour degreesof freedom:two trans\erse,onescalar andonelongitudinal. Guptacalculatedhat
"the probability of the emissionof areallongitudinalphotonis canceledy the’'negative probability’ of the emission
of a correspondingscalarphoton’ He notesthat this doesnot alwayshave to be the casefor the nonhomogeneous
Maxwell equationswhich is the focusof this work. A scalarphotonwould not changesignsundera spaceor time
reversal,soits symmetryis differentfrom the electric3-vectorfield andthe magnetic3-pseudo-ectorfield, andthus
doesnothave anobviousroleto playin electrodynamics.

My hypothesisgs thatthe scalarandlongitudinalphotonsfor the electromagnetifield constitutegravity. The hypoth-
esismakesseveral predictionseven at this preliminary stage.First, the mathof gravity andelectromagnetisrshould
besimilarbut notidentical. Theinversesquareorm of Newton’slaw of gravity wasadirectinspirationfor Coulombs
law. Gravity shouldbe moresymmetricthanelectromagnetisrbecause¢he modeis scalar insteadof transwerse.The
secondankfield strengthtensorin generarelativity is symmetricwhile the analogougensorfor the electromagnetic
field is antisymmetric. Sincethe modeof gravity is orthogonalto electromagnetismthe chagescanbe likewise,
sotherewill be no simplerelationshipbetweengravitational chaige (mass)andelectricchage. Gravitationalwaves
in generalrelativity aretranswerse,so this proposalis distinct from generalrelativity. Natureexploits all the math
available,soit is unreasonabl supposehatscalarandlongitudinalphotonsarenever usedfor arything. Whatever
phenomenormxploits the scalarandlongitudinalphotonsmustbe similar, but just asimportantaselectromagnetism.
Gravity is anaturalcandidate.



A gravitational field inside Maxwell

Newton’s classicalgravitationallaw arisesfrom a scalampotential.Herds the scalarfield equation:
v2¢ = 4nGo

For the caseof avacuum,whenrho = 0, this is known asthe Laplaceequation.For a sphericallysymmetricsource,
onesolutionis:

GM
VxZ+yZ+ 22
Theproblemwith thefield equatioris thatthe Laplaceoperatordoesnot have atime differentialoperator Any change
in in the massdensitypropagatest infinite speedjn conflict with specialrelativity (MTW, chapter7). Oneway to
derive thefield equation®of generalelativity involvesmakingNewton’slaw of gravity consistentvith thefinite speed
of light.
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A way to repairthefield equationds to usethe D’Alembertianoperatorwhich is four dimensional. Thatexpression
is identicalto the A"0 componenbf the Maxwell equationawith the choiceof the Lorenzgauge.The sourcesareof
coursedifferent. Yettheargumentbeingmadehereis thattherearedegreesof freedomwhich have yetto beexploited.
For thetwo degreesof freedomwe canhave adifferentsourceterm, mass:

WA = 47 (KJ charge * Ginass)

If oneis studyingscalaror longitudinalmodes the sourceis J_massthe masscurrentdensity If oneis working with
transversemodesthe sourceis J chage™mu, the electricchagedensity Sincethe modesareorthogonal the sources
canbealso.

To beconsistentvith the classicscalarpotentialyet still berelatiistic, the potentialmusthave x°2,y"2, 22, andt™2.
This suggests particularsolutionto thefield equations:
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This potentialis interestingfor severalreasonslt is the inverseof the Lorentz-invariantinterval squaredLike mass,
the4-potentialwill notbealteredby achangen aninertial referencdrame. Theinterval betweerany two eventswill
contritute to the potential. Generalrelativity appliesto any form of enegy, including gravitational field enegy. A
potentialthatembracegveryinterval may have a broadenoughscopeto do thework of gravity.

The potentialalso hasseriousproblems. Classicalgravity dependson aninversesquareforce field, not aninverse
squarepotential. Taking the derivative of the potentialputsa forth power of the interval in the denominatar At this
point, | could stopandsaythatthis potentialhasnothingto do with gravity becausét hasthe wrongdependencen
distance.An alternatve is to look for analgebraicway to repairthe problem. This is the type of approachusedby
the early workersin quantummechanicdik e de Broglie, andwill be adoptedhere. The equationsof motion canbe
normalizedto the magnitudeof the 4-potential:
2
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Sincethemagnitudeof the potentialis theinverseinterval squaredthe resultingequatiorhasonly aninterval squared
in thedenominatarAn interval is not necessarilyhe sameasthe distanceR betweerthe sourceandtestmassusedin
theclassicaktheory However, | canimposea selectiorrule thatin theclassicalimit, theonly eventsthatcontributeto
the potentialarethosethat aretimelike separatedetweerthe sourceandthe testmasseslt takesatimelike interval
to know thatthe sources adistanceRr away. Action-at-a-distanceespectshe speedf light asit must.

Search for the source mass

Whereis the sourcemassin the potential?All thathasbeendiscussedofaris aninterval, a distance nothingabout
mass. An ideafrom generalrelativity will be borroved, that masscanbe treatedgeometricallyif multiplied by the



constantss/c"2. The distancebetweenthe Earthandthe Sunis approximatelyl.5x10"11m, while the Suns mass
expressedn units of distance GM_Sun/c"2,is 1.5x10°3m, eight ordersof magnitudesmaller The overall lengthof
the interval will not be changedhoticeablyif the spatialseparatiorandthe Sun's massexpressedsa distanceare
summed However, theforcefield is the derivative of the potential,andany changdn positionin spacetimevill havea
far greatereffect proportionallyon the smallergeometricnasshanthe spatialseparationMake thefollowing change
of variables:

GM
t->t" = A+ ——t

2c“A
R->R =B+ M 3
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whereA andB arelocally constantsuchthattau™2"= A2 - B"2. The changeof variablesis valid locally, but not
globally, sinceit breaksdown for arbitrarily long time or distanceaway. Generalrelativity is alsovalid locally, not
globally.

What is the physicalinterpretationof the inversesquarepotentialand the above substitution? Newton obsened
that motionin an ellipse could be causedby eithera linear centralforce or aninversesquarelaw. With the above
substitution thereis a linear displacemenequationinside an infuserssquarepotential. It is like a simpleharmonic
oscillatorinsidea simpleharmonicoscillator! This oscillatorworkswith four dimensionsAlthoughit is confusingto

confronttheideaof oscillationsin time, thereis no needworry aboultit, sincethe equationsarequite simpleandtheir

mathematicatonsequencesanbeworkedout. If all thetermswhereincluded,the equationwould be nonlinear

Thefield is the derivative of the potential. To be correcttechnically it is the contravariantderivative. This requires
both a metric anda connection.In effect, all the work presentedvith quaternionsisesthe Minkowski metric with
Cartesiancoordinates.For sucha choiceof metric and coordinatesthe contravariantderivative equalsthe normal
derivative. The derivative of the potentialunderstudy a normalizedinterval squaredwith the linear displacement
substitutionjs approximately:

This shouldlook familiar, rememberindhatemploying the eventselectiorrule from above, the magnitudeof tau™2 is
almostthe sameasR"2, differing only by the geometrionassof the source.

A Lagrangian for four modes

Despiteits formulationusingquaternionsthis unificationproposais strikingly similar to earlierwork. Guptawanted
to quantizethe radiationfield usinga form that was manifestlycovariantin its explicit treatmentof time andspace.
He fixedthe gaugewith this Lagrangedensity:

L=-J“A, - % (8"A)% - % (8“AY - 8¥AH) (8,A, - B,A,)
Theequationof motionfor this Lagrangiararethe sameaschoosingthe Lorenzgauge:
A = ¢

Theproblemwith the Lagrangiaris thatthefield strengthtensoris antisymmetric Dueto thezerosalongthediagonal,
it cannotcontribute directly to a scalarmode. Whatis neededs a Lagrangedensitythat could contribute directly to
the scalarmodebut still have the samefield equationsHereis suchaLagrangian:

L = scalar -JA* - %I*AIA*)



This is not as miraculousasit might first appear It is the first of four termsgeneratedn the contractionof the
electromagnetifield strengthtensor In essenceinformationis not discardedhich is what happensn makingthe
field strengthtensorantisymmetric.

From arelativistic 4-forceto a metric

A relatiistic 4-forceis the changen momentumwith respecto the interval. The covariantforce law is similar in

form to the onefor electromagnetismaxceptthatthe secondanktensoris asymmetriandnormalized:
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If thisequatioristo transformlik e the Lorentz4-forceof electromagnetisnthenormalizedpotentialmustbeinvariant
undera LorentztransformationThatis the caseof the potentialunderstudy
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In the first applicationof the force law, assumehe derivative of the masswith respectto the interval is zero. For
the scalarphotons,assumehe chage q is the gravitational testmass. Experimentshave demonstratedhat gravita-
tional andinertial masseareequal. Assumingsphericasymmetry theinverseinterval squarecpotentialleadsto the
following equationsf motion:
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Solve thesesecond-ordedifferentialequationdor the spacetimeposition:
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whereEi is the exponentialintegral, Ei(t)=the integral from negative infinity to t of e"t/t dt. The exponentialintegral
playsotherrolesin quantummechanicssoits presencés interesting.

Eight constantsieedto be eliminated:(c1, C_1) and(c.2, C_2). Take the derivative of the spacetimepositionwith
respecto tau. This eliminatesfour constants(c_2, C_2). Theresultis a4-velocity:
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In flat spacetimebeta_mu beta"mu=1, providing four moreconstraints Spacetimas flat if M goesto O or taugoesto
infinity, leadingto e”(GM/c"3taul) goesto 1:
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Solveforc.1"2andC_1.C_1:
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Substitutebackinto theflat spacetimesonstraint.Rearrangénto a metric:
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If thegravitationalfield is zero,this generatethe Minkowski metric of flat spacetimeCorverselyif thegravitational
field is non-zerospacetimes curved



As expectedthis becomethe Minkowski metricfor flat spacetiméf M goesto 0 or taugoesto infinity.

No formal connectiorbetweerthis proposalandcurvaturehasbeenestablishedInsteada pathbetweena proposed
gravitationalforce equationanda metric functionwassketched.Thereis a historicalprecedencéor theline of logic
followed. Sir IsaacNewton in the Principiashaved animportantlink betweenforceslinearin positionandinverse
squardorcelaws. More modernefforts have shavn thatthereasorfor theconnectioris dueto the conformalmapping
of zgoesto "2 (T. NeedhamNewton andthetransmutatiorof force; Amer. Math. Mon.,100:119-1371993).This
methodwasadaptedo a quaterniorforcelaw linearin therelatistic velocity to generate metric.

For a weakfield, write the Taylor seriesexpansionin termsof the total massover the interval to second-ordein
M/|tau:
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Contrastthis with the Schwarzschildsolutionin isotropiccoordinatesxpandedo secondorderin M/R (MTW, eq.
31.22):
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The magnitudeof the lightlike interval tau in the unified field metric is nearly identical to the radiusR in the
Schwarzschildmetric, the differencebeing the geometricmassof the sourceincludedin the interval \tau . The
metricfor the scalarpotentialwill passthe sameweakfield testsof generakelatiity asthe Schwarzschildmetricto
post-Nevtonianaccurag, which doesnot usethe secondorderspatialterm. The differencein the higherorderterms
canbethebasisof anexperimentakestto distinguishthis proposafrom generakelativity. Sincethe effectis second
orderin thefield strength suchatestwill challengesxperimentatechniques.

Thetwo metricsarenumericallyverysimilarfor weakfields,but mathematicallgistinct. For example theSchwarzschild
metricis static,but the unified metric containsa dependencentime sois dynamic. The Schwarzschildmetric hasa
singularityat R=0. The unified gravitationalforce metricbecomesundefinedor lightlike intervals. This might pose
lessof a conceptuaproblem,sincelight hasnorestmass.

The constantvelocity profile solution

In theprevioussection thesystemhada constanpoint-sourcenasswith avelocity profile thatdecayedvith distance.
Herethe oppositesituationis examined wherethevelocity profile is a constantput the massdistribution decayswith
distance Expandthe definition of therelatiistic force usingthe chainrule:
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Thefirst term of the force is the onethatleadsto an approximationof the Schwarzschildmetric, andby extension,
Newton’s law of gravity. For aregion of spacetimavherethe velocity is constantthis termis zero. In that region,
gravity’ seffectis onthedistribution of massover spacetimeThis new gravitationaltermis notdueto the unifiedfield
proposabperse.lt is morein keepingwith the principlesunderlyingrelativity, looking for changesn all components,
in this casemasddistribution with respecto spacetime.

Startwith the gravitationalforcein aregion of spacetimavith no velocity change:
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Make the sameassumptionasbefore: the gravitational massis equalto the inertial massandthe gravitational field
employs the interval betweerthe worldlinesof the testandgravitational massesThis generatesn equationfor the
distribution of mass:
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Solve for themassflow:
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As in the previous examplefor a classicalweakfield, assumdahe magnitudeof the interval is an excellentapproxi-
mationto the radiusdivided by the speedof light. Thevelocity is a constantsoit is the massdistribution that shovs
anexponentialdecaywith respecto theinterval, which is numericallyno differentfrom the radiusover the speedof
light. Thisis astablesolution.If the masskeepsdroppingof exponentially the velocity profile will remainconstant

Look atthe problemin reverse.The distribution of matterhasanexponentialdecaywith distancefrom the center It
mustsolve a differentialequationwith the velocity constanbver thatregion of spacetimeik e the oneproposed.

The exponentialdecayof the massof a disk galaxyis only onesolutionto this expandedyravitational force equation.
Thebehavior of largersystemssuchasgravitationallensingcausedy clusterscannotbe explainedby the Newtonian
term (A. G. Begmann,V. Petrosianand R. Lynds, "Gravitational lensimagesof arcsin clusters, Astrophys. J.,
350:23,1990. S. A. GrossmarandR. Narayan,”Gravitationally lensedimagesin abell 370; Astrophys. J., 344-
637-644,1989. J. A. Tyson, F. Valdes,andR. A. Wenk, "Detection of systematiogravitational lens galaxyimage
alignments:Mappingdark matterin galaxyclusters, Astrophys.J. Let., 349:L1,1990). It will remainto be seenif

this proposals sufficientto work onthatscale.

Metrics and forces

Gravity wasfirst describedasa force by IsaacNewton. In generalrelativity, Albert Einsteinarguedthat gravity was
notaforceatall. Rather gravity wasRiemanniargeometrycurvatureof spacetimeausedy thepresencef amass-
enegy density Electromagnetismvasfirst describedasa force, modeledon gravity. Thatremainsa valid choice
today However, electromagnetisrsannotbe depictedin purely geometricterms. A conceptuabap exists between
purelygeometricabndforcelaws.

Thegeneralkequialenceprinciple,introducedn thefirst paperof this series placesgeometryandforce potentialson
equalfooting. Riemanniarmquaternions(a.0i_0,a1i_1/3,a2 i_2/3,a3 i_3/3), haspairsof (possibly)dynamicterms
for the4-potentialA andthe4-basid. Gauss’law written with Riemanniarguaterniorpotentialsandoperatordeads
to this expression:
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If thedivergenceof theelectricfield E waszero,thenGauss’law would be dueentirelyto the divergenceof the basis
vectors. The reversecasecould alsohold. Any law of electrodynamicsvritten with Riemannianquaternionds a
combinationof changesn potentialsand/orbasisvectors.

Futur edir ections

An algebraicpathbetweena solutionto the Maxwell equationsanda classicalmetric gravitational theory hasbeen
shavn. No effort hasbheenextendedyet to quantizethe unification proposal. Lik e the early work in quantumme-
chanics,a collectionof huncheds usedto connectequations.Oneis left with the questionof why this might work?
Theactionof a gaugeinvarianttheorycannotbe invertedto generatehe propagatoneededor quantummechanics.



Fixing the gaugemakesthe actioninvertible,but the additionalconstraintdecreasethe degreesof freedom.By using

guaternionsa division algebrathe equationis necessarilynvertible without imposinga constraint.If the operation
of multiplicationsurpassewhatcanbe donewith division, thenNaturecannotharnesshe mostrobustmathematical
structureatopologicalalgebraidield, thefoundationfor doingcalculus.Naturedoescalculusin four dimensionsand

it is thisrequirementhatfixesthe gauge In thefuture,whenwe understandhow to do calculuswith four-dimensional
automorphidunctions,we may have a deepappreciatiorof Natures methods.

Thereis a physical explanationfor gravity - it is a local, nonlinear four-dimensionalsimple harmonicoscillatot

Gravity is all aboutoscillations. The Earthreturnsto approximatelythe sameplaceafter oneyearof travel. If there
wereno interferingmatterin the way, anappledroppedwould fall to the centerof the Earth,reachthe otherside,and
returnin a little over eighty minutes. The metric equationthat resultsfrom this analysisis within the experimental
constraintof currenttestsof generarelativity. Thatmakesthe proposakeasonablel-or higherordertermsof aweak
field, the proposalis differentthanthe Schwarzschildmetric of generalrelativity. Thatmakesit testable.Thereare
very few reasonableestableclassicalunifiedfield theoriesin physics,sothis aloneshouldsparkinterestin thisline

of work.

For a spiral galaxywith anexponentialmassdistribution, dark matteris no longerneededo explain theflat velocity
profile obsened or the long term stability of the disk. Massdistributed over large distancesf spacehasan effect
on the massdistribution itself. This raisesan interestingquestion:is therealso an effect of massdistributed over
large amountsof time? If the answeris yes,thenthis might solve two analogousiddlesinvolving largetime scales,
flat velocity profilesandthe stability of solutions.Classicabig bangcosmologytheoryspanghe largesttime frame
possibleand facestwo suchissues. The horizon probleminvolvesthe extremely consistentvelocity profile across
partsof the Universethat are not casuallylinked (MTW, p. 815). The flathessproblemindicateshow unstablethe
classicabig bangtheoryis, requiringexceptionalfine tuningto avoid collapse.Considerableffort will berequiredto
substantiatéhis tenuoushypothesis Any insightinto the origin of the unified enginedriving the Universeof gravity
andlight is worthwhile.



