Gravity by Analogy to EM

m Abstract

A Lagrangeadensityfor gravity is proposedasedn a strictanalogyto the classical.agrangiarfor
electromagnetismFor local covariantcoordinatesvherethe connections zero,thefield equationsare
a four—dimensionaliaveequation. The classicfield equationsontainboththe Maxwell equationsand
Newton’sfield equationsindercertainconditions. Thefour—-dimensionalaveequationhasbeen
guantizedbefore.Thescalarandlongitudinalmodesof emissionareinterpretedasgravitons,sothey
candothework of gravity. If gravitationawavesaredetectedthis proposabpredictsscalaror longitudk
nal polarization. How the proposaintegratesvith the standardnodelLagrangians workedout.

A forceequationis written basedon the samestrict analogyto therelativisticLorentzforce of electre
magnetismFor geodesignotion, the causeof the curvaturas dueentirelyto the gravitationaland
electricpotentialsThisis anewtype of statemenaboutcurvature A specific,normalizedweak-field
potentialis investigatedAnalysisof smallperturbationyieldschangesn the potentialthatdependon
aninversedistancesquaredBYy breakingspacetimesymmetry Newton’slaw of gravity results. By
usingthechainrule, a stable constant—velocityolutionis apparentyhich mayyield insightto the
rotationprofile of galaxiesandearlybig bangcosmology sincebothrequirestable constant—velocity
solutions.If spacetimesymmetryis preservedihe second-ordelifferentialequationsanbe solved
exactly.Eliminatingthe constant@ndrearrangdéermsgeneratean equatiorthathastheform of a
metricequation.The Taylor seriesexpansiorof the metricequations identicalto the Schwarzschild
metricto parameterized—post—NewtoraanuracyThe Taylor seriedfor thetwo metricsdiffer for
higherordertermsandmay betestedexperimentally.

m Introduction

The goalof this paperis to createonemathematicastructurefor gravity andelectromagnetisrthatcan
be quantizedThedifferencebetweergravity andelectromagnetisns the oldestcoreproblemfacing
physics,goingbackto thefirst studiesof electromagnetisnim the seventeentbentury.Gravity wasthe
first inversesquardaw, discoveredy IsaacNewton.After twentyyearsof effort, hewasableto show
thatinsidea hollow massiveshell,the gravitationalfield would be zero.BenFranklin,in his studiesof
electricity, demonstrated similar propertyfor anelectricallychargechollow sphereJosepHPriestly
realizedthis meantthatthe electrostatidorcewasgovernedoy aninversesquardaw justlike gravity.
Coulombgotthecreditfor the electrostatidorce law modeledon Newton’'slaw of gravity.

Overahundredyearslater, Einsteinstartedrom thetensorformalismof electromagnetisran theroad
to generarelativity. Insteadof anantisymmetridield strengthtensor Einsteinuseda symmetric
tensorbecausehe metrictensoris symmetric.Thereis a precedenc#r transformingmathematical
structuresetweergravity andelectromagnetism.

The proces®f transformingmathematicastructuregrom electromagnetisrto gravity will be contin
ued.Specifically,the gravitationalanalogto the classicelectromagnetitagrangedensitywill be
written. Thereareseverakconsequencef this simpleprocedureThe Lagrangiarcontainsbothterms
with a connectiorandthe FermiLagrangiarof electromagnetisni his makest reasonabléo suppose
the Lagrangiarcandescribebotha dynamicgeometryrequiredfor gravity andthe Maxwell equations
for electrodynamicsThegravitationalfield equationsareanalogueso Gauss'andAmpere’slaws,and
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containthe Newton’sgravitationalfield equation Thesefield equationsarenot secondanklike those
usedin generarelativity. It mustbe stressedhatthefield strengthtensoris a secondordersymmetric
tensor,sothis doesnot conflict with proofsthatat leasta symmetricsecondanktensoris requiredto
completelydescribespacetimeurvature The Maxwell equationgesultif the gravitationalffield is
zero.Thefield equationhavebeenquantizedbefore but newinterpretationsvill flow from theunifica-
tion effort. A link to thethe Lagrangiarof the standardnodelwill bedetailed.

A weakstaticgravitationalfield in avacuumwill be studiedusingstandardnodernmethodsnormaliz
ing the potentialandlooking at perturbationsThe potentialwill be pluggedinto a gravitationalforce
equationanalogougo the Lorentzforce equationof electromagnetismi.heforce equationeadsto a
geodesiequationrwherethe potentialcauseshe curvature somethingvhich is missingfrom general
relativity. Newton’slaw of gravity is apparentf spacetimesymmetryis broken.A newclassof solu
tionsemergegor thegravitationalsourcewherevelocity is constantput the distributionof massvaries
with distanceThis may providenewwaysto look at problemswith therotationprofilesof disk galax
iesandbig bangcosmologylf spacetimesymmetryis preservedsolvingtheforceequatiorandelimi-
natingthe constantsreates metricequationsimilar to the Schwarzschildnetric. The metricsare
equivalento first—-ordeparameterizegost—NewtoniaaccuracyThereforethe metricwill pastall
weakfield tests.The coefficientsaredifferentto second-ordespthe proposalkanbe verify or rejected
experimentally.

m Lagrangians

The classicelectromagnetitagrangiardensityhasthreeterms:onefor kinetic energy,onefor a
moving changeandacthird for theantisymmetricsecondankfield strengthtensor:
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An analogoud agrangiarfor gravity would alsocontainthesethreecomponentshut threechangesre
required First, gravity dependon masshot charge sowherethereis anelectricalcharge3—g$an
inertial masstms$will be substitutedThe changan signis requiredsothatlike chargesattractfor
gravity. Massdoesnot havethe sameunitsaselectriccharge somasswill haveto be multiplied by the
squareroot of Newton’sgravitationalconstanG$to keepthe unitsidentical. Secondpecausegravity
effectsmetricswhich aresymmetricthe sourceof gravity mustalsobe symmetric.Thereforethe
minussignthatmakeshe electromagneti@ield strengthtensorantisymmetriavill be madepositive.
Third, in orderthatsymmetricobjecttransformdike atensomrequiresareplacementf the standard
derivative(symbolizedby a comma)with a covariantderivative(symbolizedoy a semicolon):

m +Gm W 1
SV T eV M gee

Thetotal Lagrangiarwill beamergerof thesetwo which only applyif the otherforceis notin effect.
Thekinetic energytermis the sameaseitherLagrangiarseparatelyThe movingchargetermis asum.
Withoutlossof generality theregularderivativesn the electromagnetitagrangianEq.L_EM) can
be written ascovariantderivativesThis leadsto the unified Lagrangiarfor gravity and
electromagnetism:
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Thekinetic energytermis for oneparticleexperiencingpothgravity andelectromagnetisnThe Fermi
Lagrangiarof electromagnetisns a subsetThis establishea link to electromagnetisnThe Christof
fel symbols(or connectiorcoefficients)epresentlerivativesof metrics.Because dynamicmetricis
partof the Lagrangianthis Lagrangiarcoulddescribehe dynamicsof the metric,whichis a central
accomplishmenof generakelativity. The potentialto do both gravity andelectromagnetisis here.

In local covariantcoordinatesthe connectis zero,which leadsto a simplerexpressiorof the
Lagrangian:
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This is almostidenticalto working with the classicaklectromagnetifield equationby choosinghe
Lorenzgaugethedifferencebeingtheinclusionof amasserm.Becausehe gaugewasnotfixed,
thereis morefreedomfor this Lagrangian.

m Classical Field Equations

Thefield equationcanbefoundby applyingthe Euler-Lagrangequationgo the Lagrangedensity
(assuminghe connectionis zerofor simplicity):

2p0_ 9-NGm W
V Y C

Thefields areexpresseth termsof the potential. The symmetricandantisymmetridield strength
tensorsarevery simpliar,differeingonly in thesignof A*v;u. Theclassicafieldsrequiredto repre
sentthefield strengthtensorsshouldalsobe similar. Thereis asymmetricanalogto theelectricE and
B fields: To makea connectiorto the classicafields of gravity andelectromagnetismysethefollow-
ing substitutions:
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The symmetriccurl asdefinedabovehasall the samedifferentialoperatorsbutall the signsarenega
tive, soit is easieto remember.The symmetricfield strengthtensorhasfour morecomponentshat
lie alongthediagonal. Defineafield g to representhediagonalelements:
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Thediagonalof thefield strengthtensorA”mu ;nuis g. Thefirst row andcolumnof theasymmetric
field strengthtensoris the sumof the electricfield E andits symmetricanaloge. Therestof the off-
diagonaltermsarethe sumof themagnetidield B andits symmetricanalogb. If thetraceof field
strengthtensoris zero,thenthe equationsarein the Lorentzgauge.

Substitutethe classicalfieldsinto thefield equationsstartingwith the scalarfield equation:
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This eqationcombinesGauss’law andanalogougquationfor gravity. Thetwo equationsareunified,
but undercertainphysicalconditions,canbeisolated A relativisticform of the Newtoniangravita
tional field equationcanbe seenwith thefollowing constraints:
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This equationshouldbe consistentvith specialrelativity without modification. TheclassicaNewto
nianfield equationarisesrom thesephysicalconstraints:
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Everyaspecbf classicaNewtoniangravity canberepresentedly this proposalundertheseconstraints

Gauss’law appearsinderthefollowing conditions:
62 .2
bq = grz 27

: oA o
i ff W_cvab

Repeatheexercisgor thevectorequation.
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This hasAmpere’slaw anda symmetricanalogfor Ampere’slaw for gravity.

This proposafor classicagravitationalandelectromagnetitield equationss expresseavith tensors
of rankone(vectors) Einstein’sfield equationsaresecondank. Thereforethetwo approacheare
fundamentallydifferent. Onemustremembethatalthoughthefield equationsarerankone,thefield
strengthtensoris secondank.

With no gravitationalffield, the Maxwell sourceequationgesult. The homogeneouMaxwell equations
arevectoridentitieswith thesechoicesof mapsto the potentialsandareunaffectedoy the proposal.

m Canonical Quantization

The classicaklectromagnetitagrangiarcannotbe quantizedOneway to realizethisis to consider
thegeneralizedi-momentum:
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Unfortunately the energycomponenbdbf the momentoperatoris zero. The commutatofx”0, pi*0] will
equalzero,andcannotbe quantizedThe momentunfor the unified Lagrangiarof gravity andelectro
magnetisndoesnot sufferfrom this problem:

oo

Whenexpresseavith operatorsthe commutatofx”0, pi*0] will notbezero,sothefield canbequan
tized.If theconnections zero,L_gEM generatethe samefield equationsasthe classicaklectromag
netic Lagrangiarwith the choiceof the Lorenzgauge Thatfield hasbeenquantizedbefore first by
GuptaandBleuler(S.N. Gupta,Proc.Phys.Soc.London,63:681-6911950).Theydeterminedhat
therewerefour modesof transmissiontwo transversepnescalarandonetransversenode.The
interpretatiorof thesemodesappearsnternallyinconsistento this author. Theydiscuss'scalarpho
tons", but photonsasthe quantaof electricandmagnetidields musttransformasa vector,notascalar.
Theyintroducea supplementatonditionsolelyto makethe scalarandlongitudinalmodesvirtual. Yet
thereis no needto makea nonsens@atrticlevirtual.

Thefield in this proposaimustrepresenbothgravity andelectromagnetismi hetwo transversenodes
arephotongthatdo all thework of electromagnetisni he symmetricsecond-ranield strengthtensor
cannotberepresentely a photonbecausg@hotongransformdifferently thana symmetrictensor.
Whateverparticledoesthe work musttravelatthe speedof light like thetransversenodesof transmis
sionsof thefield. Theseconstraintslictatethatthe scalarandtransversenodesof transmissiorfor this
proposalaregravitons.

Thereareeffortsunderwayto detectthetransversgravitationalwavespredictedoy generakelativity.
This proposabredictsthe polarity of a gravitationalwavewill beeitherscalaror longitudinal,not
transversebecausehosearethe modesof transmissionT he detectionof thefirst gravitationalwave
polarizationwill markeithersucces®r failure of this unifiedfield theory.
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m Integration with the Standard Model

The standardnodeldoesnotin anobviousway dealwith curvedspacetimeA moreexplicit connee
tion will beattemptedy condensindghe unitaryaspect®f the symmetriedJ(1), SU(2),andSU(3)
with the4—-vectoranda curvedmetric. Startwith the standardnodelLagrangian:

Lsm=3¥y" D, T

where
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TheelectromagnetipotentialA _muis acomplex—valued-vectorTheonly way to form a scalarwith
a 4-vectors to usea metric. Sinceit is complex—-valuedjsethe conjugatdike so:

AA G = A IP- A IP- A IP-A
Usethe parity operatotto flip the signof the spatialpartof a4—-vector:
AAPg, = [A 2+ AP+ A%+ | Ag|?
Normalizethe potential:
A/,l A\/*p
=1
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Fromthis,it canbe concludedhatthe normalized4d—-vectors anelementof the symmetrygroupU(1) if
the multiplicationoperatoiis the metriccombinedwith the parity andconjugateoperatorsOnedoes
not needtheY in standardnodelLagrangiansothis simplifiesthings.The sameogic appliesto the 4—
vectorpotentialsor the weakandthe strongforceswhich happerto haveinternalsymmetries.

In curvedspacetimethe previousequationwill notequalone.MassbreakdJ(1), SU(2),andSU(3)
symmetry butdoessoin a preciseway (meaningonecancalculatewhatthe previousequationshould
equal).Thereis no needfor the Higgsmechanisnto give particlesmasswhile preservindJ(1)xSU(2)x
SU(3) symmetry sothis proposalpredictsno Higgs particlewill befound.

m Forces

The LorentzForceof electromagnetisnmvolveschargeyelocity andthe anti-symmetritield strength
tensor:

- % (A
Formananalogousorcefor gravity usingthe samesubstitutionsasbefore:
Fy = —/Gmr (A L A

The gravitationaforceandthe electromagnetiforce behavalifferently underchargenversion.If the
masschangesigns,thenbothsideflip signs,sonothinghasreally changedIf electricchangechanges

Printed by Mathematica for Students



signs,thechangen momentumwill not changesigns.Thedifferentbehaviorunderchargenversion
may explainwhy gravitationalforceis unidirectional but electricalforcescanattractor repulse.

Thetotal forceis acombinationof thetwo:
Foem= (0 - V/Gm) %A‘”— (q++/Gm) %AV?“

If g>>G”.5m, theequatiomapproachetheform of the Lorentzforcelaw of electromagnetisnif the
forceis zero,theequatiorhastheform of aKilling’s equationwhichis usedto determingheisome
triesof ametric. Geodesicaredefinedby examiningthe left-hangideof F_gEM:
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Assumedm/dtau= 0. Apply thechainrule,andthenthe definition of a covariantderivativeto form a
geodesiequation:

2 x* m
52 "¢
This equationsaysthatif thereis noforce,all theacceleratiorseenn spacetimes dueto spacetime

curvature the Christoffelsymbol. The covariantderivativeson theright sideof F_gEMcanalsobe
expanded:
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This equationsaysthatspacetimeurvatures causedy the changen the potentialif thereis no
externalforce.Thisis anovelstatementln generarelativity, onecompareswo geodesicsandbased
on ananalysisof thetidal forcesbetweerthe geodesicsgetermineshe curvature The unified geode
sic equationassertshatthe curvaturecanbe calculatedirectly from the potential.Notice thatthis
equationcontaingermslinked to a massm anda chargeq, sothe geodesiequationappliesto electre
magnetismaswell asgravity.

m Gravitational Force for a Weak Field

Thetotal unified forcelaw is relevantto physicsbecausét containghe Lorentzforcelaw of electro
magnetismlt mustbe establishedhatthetermscoupledto the massm areconnectedo whatis known
aboutgravity.

Sincethegoalin this sectionis to studygravity, not electromagnetisnwork with a potentialthatcan
only contributeto gravity, not electromagnetisngincethefirst componenof the potentialdoesnot
appeaiin theantisymmetridield strengthtensorwork with a potentialwith theform: A_mu=(A_0,
0).

The nexttaskis to find a solutionto the unified field equationsThe Poissorfield equationof classical
Newtoniangravity canbe solvedby a 1/R potential. The potentialhasa point singularitywhereR = 0.
Theunified field equationsarerelativistic,sotime mustalsobeincorporatedA 1/distancepotential
doesnot solvethefield equationsn four dimensionsin local covariantcoordinatesvherethe connee
tion is zero,the potentialA_mu = (1/sigm”2,0) solvesthefield equationswheresigmasquareds the
Lorentzinvariantdistancepr the negativeof the squareof the Lorentzinvariantintervaltau. Distance
is usedinsteadof theintervalbecauselassicalgravity depend®n distancenottime. Theideais to
considerthetime contributionto bevery smallrelativeto the distance.Sucha potentialhasasa singu
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larity thatis the entirelightcone wheresigma”2 = 0. This singularitymaynot be problematidoecause
masslesgarticlesaredescribedy the Maxwell equationsbut thathopewill requireda detailedstudy.

Gravity is aweakeffect.It is commonin quantummechanicgo normalizeto oneandstudyperturba
tions of weakfields,anapproacthatwill befollowed here.Normalizingmeangherearesmallsteps
will beawayfrom one.Only first ordertermswill be kept.Hereis the normalizedpotentialwith a

linear perturbation:

2 2
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This potentialsolvesthe 4D waveequationbecausehe shift by theoneoverroottwo factorandthe
rescalingby the springconstank oversigmasquaredo not effectthe differentialequation. Oneinter-
estingaspecis the shift of unitsfrom onethatdepend®n h —suggestingjuantummechanics-to the
normalizedperturbatiorwhich appearso be classicabecausé¢hereis no h.

Takethederivativewith respectot, x, y, andz:

¢  c?k
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The changean the potentialis afunctionof a springconstank oversigmasquared.Theclassical
Newtoniandependencen distancas aninversesquaresothisis promising. Oneproblemis thata
potentialthatappliexexclusivelyto gravity is saught. The signof the springconstank doesnot effect
the solutionto the 4D wavefield equations.The signof the springconstank doeschangehederiva
tive of the potential. Thereforea potentialthatonly hasderivativesalongthe diagonalof thefield
strengthtensorcanbe constructedrom two potentialghatdiffer by stringconstantshateitherconstrue
tively interfereto createa non—zeralerivativeor destructivelyinterfereto eliminatea derivative.
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Takethe contravariantlerivativeof this potential keepingonly thetermsto first orderin the spring
constank. Thecontravarianterivativeflips thesignfor thethree—vector.
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All thiswork to geta multiple of theidentity matrix! Plugthisinto the gravitationalforce equation:
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Thisis arelativisticforcelaw for aweakgravitationaffield for theinverseintervalsquaredliagonal
potential. Whenspacetimeymmetryis broken,this equationwill leadto Newton’slaw of gravity in
the nextsectionf spacetimesymmetryis maintainedthensolvingtheforceequationandeliminating
the constantyieldsa metricequatiorfor gravity.

m Newton’s Law of Gravity and More

Severalassumptiongseedto be madeto applythe weakgravitationalforce equationto a classical
gravitationalsystemFirst,assumehatthe springconstanis dueto the sourcemassk = GM. Second,
assumehatthefield is static,sothatsigma”2= R"2 -t"2 =R’"2. In thisway it doesnotdependon
time.

Newtonianspacetimes differentfrom Minkowski spacetimédecausehe speedof light is infinite.
Spacetimesymmetrymustbe broken.A questionarisesabouthow to do thisin aformal mathematical
senseTheMinkowski intervaltauis a consequencef therelationshipbetweertime t andspacer.
Thefunctionalrelationshipbetweertime andspacemustbe severedBy the staticfield approximation,
thereis adistanceR whichis the samemagnitudeastheintervaltau.If theintervaltauis replacedy
the scalardistanceR, thenthatwill severthefunctionalrelationshipbetweertime andspace:

ot oR . ot oR
dt’ CcOt | R|]’ co|R|

= (01 R)

Plug thesethreeassumptiongto force equation:
Gvim
-

This is not quite Newton’sgravitationalforcelaw. Thereasons thatonemustconsidettheleft—hand
sideof theforce equationcarefully. Accordingto thechainrule:

omW oW om
——— =m +
ot ot ot
An openquestions how shouldspacetimesymmetrybe brokenfor the derivativeswith respecto the
intervaltau?An intervalis composedf bothchangesn time andspaceFortheacceleratiorterm, if
theintervalis only abouttime, thenonegetsbackNewtonianaccelerationkor logical consistencyone
might betemptedo alsosubstitutgime in thedm/dtauterm.However the systems presumedo be
static,sothiswould necessarilype zero.If thisderivativeis to haveany chanceat beingnon-zerat

- (0
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would haveto bewith respecto theabsolutevalueof R ashasbeendoneearlierin thederivation.So
the classicaforcelaw shouldlook like so:

mOR OR com _ Gvm,
otz "ot 6 | R| R

For apointsourcethedm/dtautermwill not makea contribution,andonegetsNewton’slaw of graw
ity. It is only if theinertial masss distributedoverspacdike for thebig bangor galaxieswill theterm
comeinto play. If thevelocity is constantthentheacceleratioris zero.The equationdescribeshe
distributionof theinertial massm thatmakesup thetotal gravitationalsourcemassM. Thesolutionto
theforceequationwhenthereis no acceleratioris a stableexponentialBig bangcosmologyhastwo
problems:all matteris travelingat exactlythe samespeedeventhoughit is not possiblefor themto
communicatgthe horizonproblem),andthe modelrequirehigh levelsof precisiononinitial condk
tionsto avoidcollapse(theflatnessproblem).[A. H. Guth,Phys.Rev.D., 23:347-3561981] The
force equatiorhasa stable constanwelocity solutionwhich mayresolveboth problemsof the big
bangwithouttheinflation hypothesisTheiris alsoa problemwith therotationprofile of thin disk
galaxies.[SM. Kent, Astron.J.,91:1301-1327,986;S. M. Kent, Astron.J.,93:816-8321987] Once
the maximumvelocity is reachedthe velocity staysconstantlt hasbeenshownthatgalaxiesshould
not bestableatall.[A. Toomre,Astrophys.J.,139:12171964]|Both problemsmayagainberesolved
witk&stae%econstant/elocity solutions.Numericalapproachesn the aboveequationshouldbe
conducted.

m A Metric Equation

Theweakgravitationalforce equationis two second-ordelifferentialequationsThe equationcanbe
simplified to a setof first—ordedifferentialequationgy substituting(U”0, U) = (c dt/dtau,dR/dtau)

oW k ~
W‘?Z‘UO‘O
o0  k

oc "z V=0

The solutioninvolvesexponentials:
k k
W= (ve =, Ver)

For flat spacetimeU”mu = (v, V). Theconstrainon relativisticvelocitiesin flat spacetimes:

2 4t 2 _
gy, - A AR o 2 yy
dc
Solvefor the constantsandplug backinto the constraintmultiplying throughby dtau”2.
2 -2k 2 2 k dR2
dt =e T dt —ecx C—2

Make the sametwo assumptionasbefore:the springconstanis dueto the gravitationalsourcek =
GM/c"2,andthefield is static,sotau”2= R"2"2 = R'*2. Thereis onemoredegreeof freedom,
becauseheradiusR couldeitherbe positiveor negative.To makethe metricconsistentith expert
ment,choosehenegativeroot:
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dr2 = e2<r dt2 - e? ¢k dR2

This equatiorhastheform of a metricequation Performa Taylor seriesexpansiorto seconcorderin
GM/c"2R:

dc? =
GM aM | 2 QM QM | 2
1-2ET§+2(ET§))dH- 1+2ET§+2(ET§))d#

If onecompareshis metricto the Schwarzschilanetricin isotropiccoordinate$o parameterizegost—
Newtonianaccuracythe coefficientsareidentical.For thatreasonthis metricis consistentvith all
experimentatestsweakfield testsof generarelativity. [C. M. Will, "Theoryandexperimenin gravita
tional physics:Revisededition”, CambridgeJniversity Press;1993.]

For higherordertermsof the Taylor seriesexpansionthe two metricwill predictdifferentcoefficients.
Thevalidity of this proposakanthusbetestedexperimentallylt will requirea greatdealof effort and
skill to conductsuchexperimentssincemanyphysicalphenomenavill haveto beaccountedor (an
examplethe quadrupolenomentof the Sunfor solartests).

m Conclusion

Using a nineteentttenturyapproachaneffort to unify physicsfrom thetwentiethcenturyhasbeen
attemptedThedescriptionof geodesic®y generarelativity is not completebecauseét doesnotexplic
itly showhow the potentialsourcecausesurvature A dynamicmetricequations foundbutit usesa
simplersetof field equationgarankonetensorinsteadof two). In the standardnodelaselsewhere,
combiningtwo 4-vectorsequiresa metric. By normalizingthe 4—vectorghe unitaryaspecbf the
standardnodelcanbe self-evident.

This theorymakeshreetestablepredictionstwo subtle,onenot. First, the polarity of gravitational
waveswill bescalaror longitudinal,nottransversaspredictedby generarelativity. Secondif gravita
tion effectsaremeasuredo secondarypostNewtonianaccuracythe coefficientsfor the metricderived
herearedifferentfrom the Schwarzschilametricin isotropiccoordinatesSuchanexperimenwill be
quitedifficult to do. Thethird testis to seeif the completerelativisticforceequationmatchesll the
datafor athin spiralgalaxy.lt is thistestwhich shouldbeinvestigatedirst.
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