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ABSTRACT

This paperis a review of the problemof the observableaction ofgravitational
forces on chargeparticles. The authomdiscusseshe inducedelectricfields and the
sometimesoverlookedunique physical properties. Heanalyzesseveralexperiments,
showingthe reality of theinducedelectricfields. The current interpretation, based on
the idea of only one electric field, with certain characteristicsjs comparedwith
alternative approaches.
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1. INTRODUCTION:

Measurementsf the gravitationalforce onelementanparticleshavebeendone
for electrons, bulk mattef ° neutralparticlesof ordinarymattef and photorts. No
direct measurementdiave been done for positively charged particles. A new
experimentis currently on theway in CERN . This experimentis attemptingto
measure the free fall of antiprotons.

In this paper wewill show that theres a small residualelectric field, due to
electricdipoles,in all atomic matter. This electricfield arisesfrom the fact thattwo
equaland opposite charges (such gzraetonand it's electron cloud) generagéectric
effects that do not quite cancel, at distant points.

Sinceit is expected that mother earth generates a large amount ofetbese
fields, it is postulated that the outcome of frizdling particle experimentsand it's
equipmentare dependentto some extent - on sudtelds. We will show thatsuch
fields may be difficult to shield,and as suchthis information may be of interesto
researchers.

2. INDUCTION AND RELATIVITY:

In the field of electromagnetismevery point in spaceis characterizedy two
vector quantitieswhich determinethe force oranycharge. First, theris the electric
force,which givesa force componenhdependentf the motion of the charge, ¢Ve
describeit by the electricfield, E. Second therés an additional force component,
calledthe magneticforce, which depends on theelative velocity, v, of the chargen
relation to reference frame of the magnetic field source. - The Lorentz Equegion
saysthat the force on aelectriccharges dependentnot only on where it is, but also
on how fast it is moving in relation to something else, as in:

F = q(E + v x B). (2.0)

In figure 1, a conducting rod is moving through a magnetic Beld\n electron,
located in the rod, sees amagneticforce due to motion of therod through the
magnetic field.In thereferencdrameof the magneticsource(frameS), theras no E,
thus the only force acting on the electron, is:

F =qv x B. (2.1)
What happendf therod is at rest with theobserver'seferenceframe, but the

magneticsourceis moving with velocity -v, asin figure 2? Does the electron stay
where it is? Would we see different things happening in the two systems?
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Figure 1. A conducting rod is relative motion with respect toraagnet. An observerS, fixed with
respect to thenagnetthat produces the B-field, sees a rod moving to tight. He also sees a
magnetic force acting downward on the electron.

We know from relativity that magnetismand electricity are not independent
things- theyshouldalwaysbe takentogetheras one completelectromagnetidield.
Althoughin the static cas&laxwell's equations separate intwo distinct pairs, with
no apparentonnectiorbetween thewo fields, neverthelessn natureitself thereis a
very intimate relationship between them arising from the principle of relativity.

In accordance wittfSpecial Relativity, we must get thesamephysical result
whether weanalyzemotion of aparticle moving in a coordinatesystemat rest with
respectto the magneticsourceor at rest with respecto the particle. In the first
instancethe force wagpurely "magnetic”,in the second, it wapurely "electric". We
know that a charge & an invariant scalarquantity, independentof the frame of
reference.

Since the=’ equal toF, we can calculatE’ as:

F=gE, =F=vxB (2.2)

For cases where the source of thagneticfield is moving, the relative velocity
v becomes the opposite sigmo distinguish this type of motional electric field, van
rewrite the equation, wheké is therelativevelocity, andB is the magnetidield (seen
by S):
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E., =BxV,, (2.3)
since we know that

-vxB = B xv. (2.4)
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Figure 2. A conducting rod is in relative motion with respect to a magnet. An observer Skyitixed
respect to the rod, sees timagnetmoving to the left.He also seean electricforce actingdownward
on the electron.

Mathematically,it can be shown that purely electric field in one reference
frame can bemagneticin another. The separation of thesgeractionsdepends on
which referenceframe is chosen fordescription. In 1903 -in a now famous
experiment Troutonand Noble showed thaivo electricchargesnoving with same
constantvelocity do not produce amagneticinteractionbetweenthemselvesThis is
consistent with théundamentapostulate ofelativity. The force betweetwo electric
charges must be tteamefor an observeat rest with respecto the charges.This is
true whether the charges mosaeconstantvelocity, or whether theyemainfixed with
respect with some reference frame.

Sinceelectricandmagneticfields appearin different mixturesif we changeour
frameof referenceyve must becarefulabout how we loolat the fields E andB. We
mustnot attachtoo muchreality to them. Thefield lines may disappeaif we try to
observe them from different coordinate systems.
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Thefield linesthat we seén our textbooksfor electricand magneticfields are
only mathematicatonstructdo helpus understand ardarify the effectsmoreeasily.
We can say more accurately that there is such a thiagyassformecdelectromagnetic
field with a newmagnitudeand direction. Einstein'sspecialrelativity and Lorentz
transformation make this view possible.

3. THE MOTIONAL ELECTRIC FIELD:

We can furtherillustrate the effect of the motional electric field. When a
conductingrod sees amagneticfield from a moving magnet (sedigure 3), each
electronin therod experiences force dudo its relativemotion through thdield. If
the directionof the motion of the magnetsuch that a component of the force on the
electrons is parallel to the conductor, the free electrons will raloveg theconductor.
The electronswill move until they arebalancedby equaland opposite electrostatic
forces. This is because electrorllectedat one end of theonductor,will leavea
deficit of electrons at the other.

X X | ‘ ] X

X X X

Figure 3. The moving sourad a magnetic field producesn induced motional electric fiel&,,
which is balancedy the electrostatic fieldEg The electric field is seey an observerstationary
with respect to the rod. An electrostatic shield around the rod does not influence the experiment.

While the motion continues, an obseruwasidethe rod sees a zerelectricfield
because of

En-Es=0, (3.0)

whereEg is the electrostatic field.
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A remarkableobservations that this experimentcan be done witlor without
electrostaticshieldingaround theconductor. It is worth noting that theE,, field is
quite differentfrom the E4 field in that theboundaryconditionfor E,,, is equalto the
boundary conditions for the magnetic field. (More on this later.)

In the equilibrium state,the observemn the referenceframe of the moving rod
will not feel any forces dueto electricfields, either Eg or E,,,. This conclusionhas
some profoundeffects on our experiments. For example,one cannot connect a
voltmeterto the movingrod (thatis stationary with respedb the rod) and expecto
see amotional electric potential,E,,. All wires of the voltmeter and the voltmeter
itself will be equally polarized,in a mannersimilar to the rod. Understandinghis
conceptis important, as itmay be one of thdundamentareasonsvhy the motional
electric field often goes undetected.

4. MAGNETIC INFLUENCES IN A ZERO B-FIELD:

In the generaltheory of quantunelectrodynamicspne takes the vector and
scalarpotentialsas thefundamentalquantitiesin a set of equations thaéplacethe
Maxwell equations.E andB areslowly disappearingrom the moderrexpressiorof
physicallaw; they arebeingreplaceddy the vector potentialh andscalarpotentialgp .
Feynmansaysthe vector potentiais not just a mathematicalconvenienceput is
introduced because @oeshavean importantphysicalsignificancé. Letsreview a
few of examples:

1) The Long Solenoid

2) The Electron Interference Experiment
3) Two Moving Magnet Experiment

4) The Hooper Coll

1) The Long Solenoid It is easyto agree that a longolenoidcarrying an
electric current hasB-field inside - but none outsiddf we arrange a situation where
the electrons are be foundonly outside of thesolenoid,we know that thersvill still
be aninfluenceon the motion of electrons - #sis is the workings of thecommon
electrical transformer. This phenomenahas always been of interestto students,
because thenductionin the wirestakesplacein a region of space where the resultant
magnetidlux is reducedo zero. How couldthisbe? Accordingto classicalphysics
this is impossible, as the force depends onli pyet we usehis transformeiprinciple
in common electronic components.

It turnsout, that quantummechanicallywe canfind out that theres a magnetic
field insidethe solenoidby going around it evenwithout ever going clost it. We
must use the vector potential, as showrn figure 4. Alternatively,if we arenottoo
concerned about the zeifield in the region of the electron, we can also use
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Faraday'd.aw of Induction. This law states that thenducedelectromotiveforce is
equal to the rate at which the magnetic flux through a circuit is changing, as in

.
- Bp

- __—4

A
g=——1B 4.0
ot (4.0)

Figure 4. The magnetic field and the vector potential of a long solenoid.

In the case of the longplenoid,it turnsout that both theclassicalandquantum
calculations give the same result.

2) The Electron Interference Experiment: Physical effects on charged
particles- in a zeroB-field - havebeenstudiedsincethe 1950s. The readsradvised
to refer to quantum interference of electfori®r further study.

Although this is a very importasubject, we encourage the reatteinvestigate
this area for himself. Bohm and Aharanow shown their electroninterference
experimenthat amagnetidield caninfluencethe motion of electronsventhough the
field existsonly in regions where thens an arbitrarily small probability of finding the
electrons.

3) Two Moving MagnetsExperiment: Magneticflux is constructedrom two
sources, a# figure 5. Both magnetsmove uniformly in oppositedirectionswith a

speedV producing ark,, on the electronnsidethe conductor. We carfind the total
En, field by superposition, as follows:

(4.1)
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SinceB andV are equal in magnitude for both magnetsfine by vectoradditionthe
total induced electrical field, as follows:

E,= B, xV, + (B,)x (V,) = BxV. (4.2)

We notice that thenducedelectricalfield is twice thatfrom a single magnet,
while the sum 0B is remarkably - zeroThis experimenis easyto setup anderify in
any electronicdaboratory with a pair of magnets, a wire and a voltmeter. In fact, you
may wrap theconductor,n an electrostatior magneticshielding,andfind the same
result.
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Figure 5. An electrorin a conductor, experiencesace due to the flux from two moving magnetic
sources.

4) The Hooper Coil The author hakesteda setupby pulsingstrong currents,
opposite and equal, throughultiple parallel conductors. The configurationof the
conductorsn this type ofexperimenwill cancelthe B-fields, while still producingan
Ey, field, in accordance with Eq. 4.2This is similar to an experimentoy Hoopef ,
who successfullypredicted andmeasuredthe motional electric field - all in zero
resultanB-field.

Interestingly,all of the aboveexperimentaninfluencean electron with a zero
B-field, in the region of the electronThis has some profounmnplications- one of
which is that themotional electricforce field is immuneto electrostaticor magnetic
shielding.
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Experimentallyjt can beconfirmedthat themotionalelectricfield is immuneto
shielding and follows the boundaryconditionsof the magnetic(not electric) field.
The only way to shielda motionalelectricfield is to use amagneticshieldaround the
source of the magnetic flux - containing it at the source. These effectstatartling
if one remembersthat the motional electric field is a magneticeffect and that a
magnetic field has a different boundary condition than the electric field.

5. DIELECTRIC EFFECTS FROM DIVERGENT ELECTRIC FIELDS:

Most textbooksin physicsdescribenow apieceof paperor a neutraldielectric
object can b@ickedup with a chargedlassrod. Thisis the divergentelectricalfield
at work. It polarizesand generates a net attraction on thelectric object. A
dielectricobjectis alwaysdrawnawayfrom a region of a weakeld towardsa region
of a strongfield, as seenn figure 6. Thepolarity of the field doesnot affect the
direction of the force.

Figure 6. Anon-uniformelectrical field will generate a net attractif@ce on a neutral piece of
matter. The force is directed toward the region of higher field strength.
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The net force on the dielectric is proportional to the gradient of the sojutire
field times the volume of the dielectfic given by :

€€ 2
Fe = T DE“V,, (5.0)
where \q, is the effectivedielectricvolume, € is the permittivity constant and
€, Is the dielectric constant for hydrogen. Wgo not know the effective dielectric
volumefor a singlehydrogenatom, but we caestimateit by usingthe classicalsize
for the Bohr atom and adjust the radius with a facggk

Vedv = %T[(kedvre)g. (5 1)

We cancalculatethe divergentE,, field from a hydrogenatom dueto the
motion of the electron chargeKnowing the magnitudeand divergenceof the E,
field, we can find the force that pulls on a nearby atom, in accordance with Eq. (5.0).

In view of quantummechanics,the Bohr model is an over-simplification.
However, as wewill see,this approachoffers someinsightsinto the nature and
magnitudeof the force generateloy the divergentmotional electricfield. It is very
much like Feynman'scalculation of the atomicmagnetic moment using classical
mechanic8 that turns out to be quite accurate

Figure 7. An orbital electron with a linear velocitys producing a motional electric fiek},, at P.

The magneticfield from an orbital electronis found by using the Biot-Savart
law:

g Ml VX1

52
am r (5-2)
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r is the radius vectofrom g to a point P wheré is measured, and, is the electron
velocity. Since the electronrevolvesat a radial frequencyw=v/r,, the B-field
velocity, V at a distance r can be calculate¥ a3 w=rv/ r,.
The motional electric fiel&,, is then found by inserting Eq. (5.2) into Eq. (2.3):
Mol Ve X1

Em:BxV:— 3
4

xNMe, (5.3)
rO

By expandingand simplifying Eq. (5.3) we get a largsymbolic expression.
Figure5 shows a plot of th&,, vectorfields around thenydrogennucleusaccording
to such a formula. The plot shows that the x-components of the vectais/aysin
the same direction, regardless of the electron position about the nucleus. It can also be
seen thatll y-componentsare oppositein the upper and lower quadrant&ssuming
a full uniform circularorbit of the electron, thg-componentsill cancelwhile the x-
componentsvill add. For dull revolution, thehydrogenatomwill generate a nef,,
field in the negative x-axis direction - measured at point P.
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Figure 8. The2-dimensionalector plotof the motional electric field - producdyy the orbital electron
around the hydrogen nucleus. All measurements are done at a stapioinafy, with x=1 meteandy=0
from the nucleus.

It is worth noting that the electrospin itself does also generate raotional
electric field. This effectwill be ignoredn our discussiorsinceit can be shown that it
falls off faster than thenotionalelectricfield producedby the circulatingelectron. It
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may be speculated that thmaotional electric fields generatedy spinningelementary
particles has some relationship to nuclear forces, but this is not discussed here.

Since a hydrogen atom checonsidered tiny dielectric,it is attractedowards
the source of a divergirg,, field. We can calculate the instantaneous fgexerated
by the diverging E,,, field from Eq. (5.0). The instantaneoudorce for various
positions of the moving electronis plotted in figure 9. Assuming that they-
componentsvill cancelwe canfind the sumof the x-componentsWhenmeasuredt
point P, thesum of all the x-vectorswill not completely cancel,due to a small
difference in magnitude between distance R+x and R-X.

Mathematicallythe dielectricforce producedby a singleatom acting on another
dielectric atom can be foundy integrating one revolution of the moving electron
(ignoring the y and z components, for now) by using Eqg. (5.0):

a =21
Fey = — IfEm(x, Y,2), (5.4)
a=0

wherex = cos@ )y, andalphais the angleof the electrorno the x-axisand , is
the electron radius.
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Figure 9. A2-dimensionalvector plotof the instantaneouslielectric force, producetly an electron
moving aroundthe nucleuof a hydrogen atom. All measurements are done at point P with x=1 meter
and y=0.
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The expandedequationis large andis not easy to simplify symbolically.
However, the equation can balculatednumericallyby computer. Waewill use the
following constants:

w = 21t [6.84[10" radians/sec
r, =5.2917706110° meter
q=16021892110" coulomb
€, = 8.854[110"° farads/meter
U, = 41t (10" Henry/meter

€ hydrogen = 293

We arbitrarily adjust thevolumefor a single hydrogenatom from Eq. (5.1)by

setting k,=10°. By usingEq. (5.4), we then carfind the dielectric force between
two hydrogen atoms to be:

63
F. = 25‘% Newton. (5.5)

6. GRAVITATIONAL FORCES ON ELEMENTARY PARTICLES:

Lets compare the foragalculatedn Eq. (5.5) - dudo the diverging E,,, field -
with Newton's Law for a force betwedwo hydrogenatoms. Thegravity force
between two hydrogen atoms can be calculated as follows:

G =64
F, = rgzrq = 187[3120 Newton. (6.1)

Note the similarity in magnitude between Eq. (6.1) and&&). The equations
have the same power with distance.

Is gravity simply a pseudo-force causdwy the relativistic effects of moving
charges - calculated as the divergeptfield? Perhaps gravitation may due to fibset
that wedo not havethe right coordinateystem? Curiously,the divergentatomicE,,
field doeshaveall the characteristicof gravity, such as aion-shieldabldorce that
follows the inverse square of distance law.

Atoms that generate ), field will give riseto nearbyelectrostatidields that
are set upgo counterbalanceanythingthat is polarizedby suchE,, fields. If we
ignore theeffectsof particle spin, it meansthat there are no net forces orsiagle
chargedelementaryparticle suspendeth a gravitationalfield - that is,if it is located
inside a closed box of normadatter. We can predict thatsaglepositiveor negative
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elementanparticlewill "float" in a gravitationalfield, asif with no weight. However,
a dielectric (such as a neutral atom) will fall in the same situation.

It maybe argued thatlementaryparticleshaveno weightat all - and thatthey
only have only inertia and mass. Interpretation of results &draeefall experimenof
electronsat StanfordUniversity* may suggest thaglementarysingle particlesdo not
have weight. The resultdrom Stanford University showed that thegravitational
acceleratiorof electronan a metaltube was closéo zero (measuretb within 9%).
The scientistsexplainedthis unusualresult as theffectof the earthgravitationalpull
on free electrong metal. It was argued that each electron amleusin the metal
were acted orby an averageelectrical field (set upby a slight displacementof
charges) polarizing the metal and exactly counteracting the fre8oating electrons
inside the tube.

Accordingto the divergentE,, field theory, theexperimentsat Stanford, could
be explainedby understandinghat there are no forces on Rdielectric charged
particles (such as an electron) locatéd cavity immersedin an E,, field. The
electrostatidield, setupinsidethe cavity to counteractto the E, field, will exactly
cancelthe E,, field because of separation of chargddnderstandinghis, asingle
electronwill behaveas havingno weight,sinceE,, - Eg = 0, and the electrowill
appear to have no acceleration in a gravitational field.

Completeatoms andmolecules- with dielectric constants greater than zero -
will acceleraten a divergentE,, field. Asdiscusseckarlier,the E,, fields generated
by ordinarymatter cannot beeasuredlirectly by electronicmeans. This is because
the E,, fields cannot be shieldedandall instrumentatiorand wires are polarizedso
there are no currentsThis effectwill may cause ugo think that theres no E,,, field
present. However, we will see the “dielectric” force that is similar in magnituitie to
force of gravity.

In free spaceprotons,locatedaway from otherobjects,will accelerataf they
arein adivergentE, field. Thisis dueto the electricalE,, field that will actdirectly
on the elementary charges without any counteracting electrostatic fields.

Interestingly,the Earth's atmosphere doesasurean electrostatigotential
voltage gradient ofapproximatel00 V/m. Isthis the electrostatidield that the
ionosphereproducesto counteractan E,,, field generatedoy mother Earth?  The
Earth's electrostatiteld doeshavethe correctpolarity to supportsuch a theory. No
theory so farseemsto explain why the Earth electrostatiGeld is never depleted
despiteall the lightning and dischargingof energy. The E,,, field theory explainsthis
puzzling effect as the continuogolarization of the ionosphere, generatéy the
atomic matter of Earth. Due to this effect, the ionosphere will never be discharged.

7. SUMMARY:

We have seen how itpossiblefor two hydrogenatomsto generate a non-
shieldableforce of similar magnitudeto gravity. This effectis dueto the motional
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electric field producedby each atom. Thalielectric hydrogenatomswill attract
towardseachother because of theivergentelectric fields, producedby each atom.
The dielectricforce equationn Eq. (5.5) betweetwo hydrogenatoms has aimilar
magnitude to that of gravity and follows the same inverse square law of force.

Further, thedivergentE,, field theory postulates thalementaryparticleswill
havemassandinertia, but no weight. It is predicted that a chargegrticle, like the
antiproton,will not acceleraten a gravitationalfield whenit is locatedin a cavity of
neutral matter - upr down. The antiprotorwill only acceleratan the opposite
direction of the divergent electrical E,,, field (as producedby the Earth)if the
antiproton has dielectricconstant greater thazero. It is assumedhat elementary
particles,such as the antiproton, hasl@lectric constantmuch smallerthan that of
atomsor moleculesand therefomill not accelerateappreciablyin the divergent E,
field when compared to the acceleration of a neutral atom.

The freefall experimentin CERN will be acrucial testfor the true nature of
anti-protons and thgravitationalfield. It is postulated thagravity is simply the
dielectricpseudo-force du#o the relativistic motions oforbital electrons ofordinary
matter. | challenge you to apply the knowledge and help build a better world.
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