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Abstract

The purpose ofhis articleis to identifylaws that woulddescribegravitationif negative
gravitationalmassgravitationalcharge(g-chargeg exists WEP is generalized testablish
correlations between mass and positive/negatrebagge {(,, /! |, ), although! ;, on
Earth would fall upward NewtonOs theorgnd EinsteinOgheory are generalizedo
describebehaviors ofobjectscarrying ! |, . A significant conclusionis that as long as
I, is introducedall of NewtonOs theory, Gravitadymics and EinsteinOs theerplan
the accelerated expansion ofiderseequally wellwithout needs of Onegative pressureO
and Ocosmological constath@t hasfine-tuning issue This implies thatthis mechanism
of the cosmological phenomenon imiversaland theory indepedent which strongly
supports thexistenceof negative gchargs. Moreoverthe acceleration is increasing with
time. Gravitodynamics andeneralizedEinsteinOs theopyredict (1) gravitational wave
(G! ;) emittedby ! |, ; (2)G! , cannotbedistinguistedfrom G |, emittedby !, .

PACS:0420.-q, 0420.Cv, 04.30-w, 04.30.Db,04.50.Kd, 04.60.Ds, 040.+e, 95, 98

Key words repulsive gravitationaccelerated expansion of UniverdiewtonOs theory of
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1. Introduction

In 1998, scientisthavediscovered that the Universe@pamsion is accelerated [1].
To explain this mystery, the dark energy and cosmological constadéls have been
proposedThere is lack of a commonly accepted mechafnirhe repulsive gravitation
as a physical mechanishasbeen proposetb explain ths phenomenanAmong them
there are VillataOs model [3], HajdukovicOs mod8],[and Peng@sodel B]. According
to VillataOsaindHajdukovicOs modgelthere exisgravitationrepulsion between matter and
antimatter Villata argues thatthe Cconjugationof particleantiparticleleads to thathere
is gravitation repulsion between matter amdimatter inEinsteinOs theonf gravity. On
the contrary Cabbolet argues th#te CPT theoremaxcludes the repulsive gravitatipri.
Denotirg this controversyas GCPT issu®.Moreover Weak Equivalence Principle (WEP)
states thapositive gravitationalmass(g-mass)is equivalent tgositiveinertial mass, thus
excludes the repulsive gravitation betwepositive massmatter andpositive mass
antimatter Denoting this asV@EP issu®.The gravitationalinteractions betweematter
andantimatter havéeenstudied but not establisedexperimentallyyet[8].

The concept of negativgravitational massgtmas$ has been proposed [@hd leads
to ORunaway paradoxO [10]. With negativeags,the bimetric theorypostulate that
therearetwo parallel universes described respectively by two metrics, one generated by
positive gmass of matter and the other generated by negativasg of antimattdd.1]. In
the bimetric theory, negative-mass is equivalent teegative inertial mass.

Based onquantum Gravitodynamics[12], PengOs modglostulates that negative
gravitational charge (g-charg@ carried by objects (not necessarily antimattexpel
positive g-chargs. The most significant implication is that tigechargeand inertial mass

are conceptuallyseparated Therefore the signs aj-charges may be either the same or

oppositeto that of masd.etOsompare those three models:

VillataOs Model | Hajdukovicmodel PengOs model

Matter carries Mattercarries Matter carries

Carrier(Positive

positive gmass positive gmass positiveg-charge

Antimatter carries| Antimatter carries Mattercarries

Carrier(Negative

negative gmass negative gnass | negativeg-charge

Derivation of by Quantum by Quantum
_ _ by CPT Symmetry _ _
RepulsiveGravity Vacuum Gravitodynamics




Note thereis no conceptof g-charge, thus nacorrelation between mass and
positive/negative gharge in Newton and EinsteinOs theofTiks.questions are:

(1) Experimentally: how can one directly detect the negatigkagge although it has
been suggested that the accelerated expansion of the Universe may be an evidence of the
existence of the negativeaharge [6].

(2) Theoretically: How to resolve the CiBBue WEP issueand Runaway iss@eHow
to generalize Newton and EiegtOs theory of gravity to describe negathahayg® Is
there gcharge conjugatioeymmetry in theories of gravity®hat arenew predictions?

To answerthe first question,lie AEJS experiment at CERMiith higher precisions
designed to reveal wheth antiparticle/antimatterepelled by ordinary mattd8]. If the
repulsive gravitationletected experimentally, theamew era in studying gravibegins

This article tries toanswerthe second question by postulatirtbe correlation
between positive/negativg-chargeand mass Based orthe concepts of-charge WEP
anddefinition of antimattersaareextendedwhich providepossible resolutioof the WEP
issue andCPT issuerespectively NewtonOs theory and EinsteinOs tha@rgeneralized
respectivelyfor describingnegativeg-charge It is shown tha Gravitodynamicsand those
two generalizedheores havegC symmetryandpredict (1) thereis repulsive gravitation;
(2) there are sulMultiversesincluding our acceleratetUniverse.The Gravitational wave
emitted by negativey-chargs is systematically investigated in the framework of both
Gravitodynamics and generalized EinsteinOs th&dmally, we show that the unified

Gravitodynancs andElectrodynamiceiavegC-eC symmetry

2. Positive/Negative Gravitational Charge andgC symmetry
2.1. Positive/Negativésravitational Charge (g-Charge) vs. Mass
Therearetwo distinctmassesinertial massandgravitational massgtmass. TheWEP
postulates thatheratio of g-massto inertial massis constantThe mysteryis why g-mass
is equivalent tonertial massor restatel as why one kind ofpositivemassis equivalentto
another kind ofpositive mass It is not conceptuallyallowed that one kind ofhegative
masss equivalent to another kind pbsitive massMViotz [13] postulategositiveg-charge
It has been shown that the natural unitd U C U 1, theg-chargeis dimensionless
andacts asa generator of the symmetgyoup of gravity [14]. Applying the concept of
g-charge letOsredefine quantities there is only onekind of mass, inertial mass;

gravitational masgy-massis gravitational chargeg-charge We will usethese definitions.
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Although these conceps of mass andg-charge appear to be only a formalityt
clearly distinguishegg-chargefrom massand thushasconceptuaimportance e.g, it is
conceptuallyallowed that positive massobjecs may carry either positive or negative
g-charge Now the mystery becomewhy g-chargeis proportional tanass In other word,

the mystery now isharge vs. mass

2.2. Re-defining Antimatter with g -Charge Conjugation(gC)
Let'sintroduceg-chargeto redefinematter and antimattéiablel).

Tablel: Definitions ofmatter and it€orrespondingntimatter

Sign ofe-Charge Sign ofg-Charge
Matter +(1) +(!)
Anti-eG-matter L(+) +()
Anti-gC-matter +(1) L(+)
Anti-eG-gC-matter L (+) L (+)

Where antieC- andanti-gC-mattes represent antimatteobtained bysingle
transformatiorof Gelectric chargeetcharg@¢Oand@-charg® conjugaticsrespectivey;
anti-eG-gC-matterrepresergantimattersobtained bysimultaneous transformations of
(x-chargeandg-charg® conjugationdNote both matter andantimatter may carry either
positive or negativg-charge Thetransformations of C and eCconjugationsare
illustratedbellow:

e-charge conjugation

matter > ant-eC matter
g-charge] conjugation g-charge| conjugation
antiFgC matter € > antieC-gC matter

e-chage conjugation
LetOslassifymattersby charactersf massg-charge andg-charge We have
Matter 1group + mass, #e-charge + g-charge e.g., proton.
Matter 2group + mass,! !e-charge + g-chargee.g., electron
For brevity, particles without-eharge, e.g., neutron, are out of scope of this article.

According to this classification, the traditional antimatdselong to either



anti-eGmatter 1 group e.g antiproton or anti-eGmatter 2 group, e.g. positron We
suggest thabbjects ofanti-gC-matterl and 2groups, anti-eG-gC-matter1l and 2grours,

carry negative-charge.

2.3. HypothesesGeneralized WEP, andGeneralized CPT

Before introducing negativg-chargeinto the theories of gravityletOpostulatethe

following correlationthypotheses

Hypothesis 1An objecthaving! ! !I(! I [, 1" may carry either positivero
negativeg-chargedefined asellow,

P B IRV/I U ARV/I (1)

P B IRV/I Ly DAL 2)
Or! 11 % Fr % Eq. 1) and Eq. 2) can be combined as

Ly DT ST R IEV/ ()

The quantities with subscrit :;39 :;3"139! :3are related with positive, negative, and
either positive or negativg@chargerespectivey.

Hypothesi®: thelawsgoverninggravitational interactiongeneratedespectivelyoy
positive anchegativeg-charges havethe sameform.

gC symmetryby analogy to Gymmetry thegC symmetryis tha under
transformatiorof g-chargeconjugation gravitationlaws are unchange&epusive gravity
then exists, since that would imply a difference in sifjthe g-chargs betweermatter
andits correspondinginti-gC-matteror Anti-eG-gC-matter

Generalized WEPand Resolution of WEP issudhe normal WEP leads to the

Universality of Free Fall (UFFHoweverWEP/UFF is valid only for positivg-charge
and mass, which excludes repulsive gravitati@n the contrary, Eq. @) leads to a
generalizedVEP to goverrmpositivehegativeg-chargs and mass

The absoluteralueof the ratio ofg-chargeto masgs constant
Now eitherpositive or negativg-charge thus, eitheattractive or repulsive gravitations
satisfiesghe generalizedVEP, which providesa resolutiorto the WEP issue

Generalized CP&Nd a resolution of CPT issukaking into accountegativeg-charge

in addition to ®T symmetry,there are alternative symmetries: (J-PT symmetry
g-chargereplaces «harge in CPT symmetry2) gC+CPT symmetrygC symmetryand

CPT symmetry independently hqgld3) gCCPT symmetrysimultaneous transformations

3 8



of gC conjugationand CPT Now CPT symmetry is extended to includecharge which
clarifiesthe CPTargumentdbetweerVillata andCabbolet

Now letOs reinterpret the physisignificance of the AEgQIS experiment: will
determine when gcharge is involvedwhetherthere isCPT symmetrye.g., positron has

positive gcharge)or gCCPT symmay (e.g., positron has negativecharge)

3. GeneralizedNewtonOs Theorpf Negativeg-Charge
3.1. Field Equation
NewtorOsheory ofgravity has he field equation

Py (4

where !, c is theg-mass densitythe subscript O+€flecs the fact that at NewtonOs time,

the g-massis positive. G is Newtonian gravitational constarfflo negative g-mass
(negativeg-charg@ exists in NewtonOs theory.

Based onthe hypothesisl and 2, letOs generalize NewtonOs theory of gravity to

governthegravitational fielé generated byositivenegativeg-charge, ! |, , respectively

T R T )

PILL, Ly, (6)
Thefield lines of gravitational field, ! , and!, , are shownn Fig. 1 and Fig.2,
respetively [15].

A

N <\/!;!

v
Fig. 1. field line of ! |, Fig. 2: field line of ! |, ! 3
=->3"3?@?.&/3A-BB">(&?32-'."$'$'(3C-.,3%-2$.$#&3"13'&(". $H&R,">(& ?;3D&3, "#&
PI g D1 (g 11, ), Lo 111 11 (7)

Eq. (5-7) form the complete set of field equatiodsscribing gravitational fields
generated byl ,, ! [, 111,



3.2. Equation of Motion

NewtonOs equation of motion of a melativistic test bodyhaving positive inertial

restmasd! ; , andpositiveg-mass,! |, , is
Ly ST (8)
The WEP states thatertial restmassand gmassare equivalent! ,, ! ! ,,. ThenEg.

(8) predicsthe Universality of Free FalUFF), ! I I, .
Howeverfor a relativistic test body, theewtonOsquation of motion is,

0, 9
where ! ! (w/! Lt/ !)' . Therefore WEP implies thag relativistic test body violates

the UFF [16]. No negativeg-chargeexists in original NewtonOs equation of motion.
E"?2&13-'3.,&3"#$%!&'()* ; letOgeneralizeNewtonOs equation of motjdEy. ©), to,

=133 3 3 3 3 3 3 3 3 3 3 3 (10

whefe the Q-charge! 1 may be either positive or negative, denoted'as! ! and
Iy, I I, respectively the gravitational fieldl may be generated by either positive
negativeg-charge, or netg-charge of asystem ofpositivenegativeg-charge, denoted as
Iy, !y,or !y, correspondinglySubstitutingthose notationandEqg. (1, 2) into Eq. (10),

correspondinglywe obtainexplicit equations of motioasbelow.

This is relativistic NewtonOs equation of motioterms ofg-charge For a nosrelativistic

test body Eq.(11) reduce to NewtonOs equation, E§).(

i.e.,the gravitational forcacting on the test bodyg repulsive which implies that an
object having! ,, on Earthfalls upward andiolates UFF but obeygeneralized WEP

3 LDy Ly Py VT (13)
i.e., the gravitational forge! |, !, , acting onthe test bodys repulsive.

(D] 'n " Pt
4. ——=1 =1, mm——1 1T (14)
i.e., the gravitational forg# ,, ! | , acting on the test body attractive.

The equations of motion for a relativistic test body movingnetgravitational fieldare
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Eq. (10-15) form a complete set afeneralized Newton@guatiors of motion
governingmotionof test bodiegarrying either ! ,, or ! ,, , andshowsthatwith either
positive or negative-gharg, there is no ORunaway motionO

3
3.3.Generalized NewtonOs TheottyasgC Symmetries

The introduction of positive/negativeaipargeleads naturedly to question:whether
there isg-chargeconjugation (gC)symmery in theories of gravityEqg. (57) and Eqg.
(10-15) show that undethe transformations of-gharge conjugations, the generalized

NewtonOs field equations and equations of motion have gC conjugation symmetry

3.4. Accelerated Expansion of Universe
It is straightforward tehowthat hegeneralized Newtdbgheorycan explain the
accelerate@xpansion ofhe Universe LetOs assume thaijects in our Wiverse (1) have
positive mass; (23arry eitherpositiveor negativeg-charge, and formpostive or

negative suldJniverse respectively

Fig. 3: Accelerated Expansion of Universe
LetOs consider gravitational fields of a spherical distribution (Fig. 3) of mixed negative
and positive gchargeskqg. (7) gives
D0l DI U000ty bty (e, (16)
Where!,, 18RI, 1 DIYT, L 1 1 and !, , ! 1L are the mass
densitiesf objects innegative and positive subniverses, respectively.

Eq. (16) gives the gravitational field at r,

L 111 !\/!—f!!! !!(”!).!!!!! !!(!!!)!!!!. (17)

For uniformpostive and negative sdbniversesthe gravitational field! ., atris,



T I TR OYITIR O (18)

The motion of anonrelativisticobjectcarryingpositiveg-chargeata givenr is
described by¥eq. (15). Substituing Eq. (B) into Eq. (B), we obtain

o TR RN () PR R P TV 10)

To solve EqQ.19), we congler three different situations:
First situation ', , Il 111, the positive(negative)sub-Universeis in acceleated
collapse(expansion).

Secondsituation ', , !t e, I 1 This caseorresponds tetatic positiveand

negative sulJniverses.

Third situation !, , ! ', , /weobtain

g ! !#!! my, @, M (20)
And Eq. (19) becomes,

%!! %[!!”(!)! Iy e (21)

This result agrees withbservation datdut noneed ofnegative pressur@nd
cosmological constanivhich may distinguish negativeaiparge model from dark energy
/cosmological constant model

Eqg. (20, 21) implies that an objeaarrying positive gcharge is pushed away from the
center of the distribution with acceleratjo.e, thenegative gcharge providephysics
mechanism for the expansionpmdsitivesubUniverse.

The mass density,,, | , of objects canying positive gcharge in theball of radius r
decreases continuously, thus the gravitational flelddecreasesnd the acceleratiaa
increasing with time.

The Hubble parameter id time dependent as

r |

(D) v @y, ], (22)

Thecomparison between Eq.ARand the currentdf observational data of the

accelerated expansion and the flatness of the positive universe suggests that the current
ratio of the negative to the positigecharge ranges around 3:’;::':” . Then H. (2)

becomes
IS (D) (23)
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IS (D) (24)

ThenEq. (22) givesthe present Hubble constant,

TN T (25)

Moreover, bf the third situationEg. (16) for anon-relativistic objecof negative
g-chargegives

IR P () U TN TN (26)
Eq. QG) impiies that a body carrying negatigeharges attracted toward to the center of
the distribution, which leads to the accelerateltapse of the negativaibUniverse.Thus,
the mass density,, , , of objects carryinghegativeg-chargen the ball of radius r
continuously increases with time. Therefore the gravitational figldincreases with time.

Eq. (16-26) form a dynamical mael that explains the accelerated expansiaruof
observed Wiverse and predict th#te acceleration is increase with time, that the negative

subUniverse is acceleratollapse and thaHubble parameter is time dependent

4. Gravitodynamics of Negative gCharge
Gravitodynamicpredicts negativg-charge[12,15]. In this sectionwe study the §

symmetry and gravitational wave generated by neggtotearge

4.1. Field Equation

Based orthe hypothesid and 2 thefield equations oGravitodynamicsare,

e and L 1— ' Lt (27)

! r! ! r!

T L ™ T T
Where!,, ! '}, I I'1, s the gravitational field tensot; ., ! !/, ! 1/, ; !,
is four-potentialgenerated by either positive or negatyveharge !f! IS either positive or

negative fourcurrent; '.' R !f! . Subscript I"!' denote variables related goavity.
LetOs introduce definitions wéctorgravitational field strength and potentials,

I Ag
¥

! i, ! o (29

Dy 1000 IR0 0 e 1T 3 (30)3

Then,Eq. (27, 28) can be wttten in the vector form as the following:
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Ly U0 T myth o, ron 1y
- " 111 ! !”Il e, (31)
pobrmmrhny, O =ty o _\/—u I -_ ;

"

R B L | B B PN, LU |!_! Al
'# - " TS (32
DD g 10N TRy 1y, TUN '—'|u# I '_ I- ”#

Eq. (27-32) form a complete set of field equations of Gtadynamics

4.2. Equation of Motion

Theequation of motiomlescribing a test bodg [15],
eI (33

Eq. 33) can bewritten explicitly as the following
(1) Foratest bodycarryingeither ! |, or ! ;, andmoving in fields,!, and!,,

eI A N N T L LI A E (34)

(2) Foratest bodycarryingeither ! ,, or !, andmoving in fields,!, and!,,,

Py D iy, !!!!!!—| ST L (35)

(3) For net gravitational fielg ! . !"# I |y , we have,

B i U gy PR T Ll (39)

Eq. (33-36) form a complete set of equateof motion For a nonArelativistic test body,
L1, 1 U1 Eq. (833-36) reducecorrespondinglyto generalized Newton(s).
(10-15).

4.3. Gravitational Wave (" ,! Radiated by Negativeg-Charge
Einstein predictedravitational wave@GW). All theories ofgravity thereafter predict
GW. NoteGW in all of exist theories is radiated pgsitive g-charge denote it as" | .
In the framework of Gravitodynamics, (hetissueof positive/negativenergyof vector
theories of gravity has been resol\&8]; (2) the compatibility between” , and
guantum mechanics, and waparticle duality of!" |, havebeenstudied[17]. In the

framework of Gravitodynamic$etOs study' , emitted by negative-gharges.
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43.1. "
Based orEq. 31),theresulsof " |, canbedirectlywrittendownas inTable2:
H'Cco&®3!" ™3 I"

| | | |
g-Field Strength Lot T ENEN IS
11 " " "
g-Field Equation I IR Ty
1y, 1ty
T ST R Y e
I ¥ T "
g-Wave Equation
e, 1,
n ll"' ey, — IIIH [ A
IRERE H L 1 1

g-RetardedPotential

. - Vi Vi
- | 11 | |
g-LienardWiechert he! ! oy he! Yoy
. VI VI
| 11 | | I 11
Potential Ac! YT AL e Voot e
I NT ST
-Field Strengti{vector | )
° ot ) Py ! .!‘(!'!!!!)! ST :‘(!'!!”)!
. RN L1t RN P!
g-Poynting flux by |t I
H ' ] | l | 1
g-Field Energy Py ! !T(!i L) P! !T(!i L)

J,&>&31, ! LVT L 1 1 In tables2-5, We use O O to
denote OgravitationalE@he signs of both potentials and field strengths generated by
negativeg-chargécurrent are opposite of that generated by posgiebargécurrent.
However theg-K-@'.$'(3A0L3, 3andg-field Energy densit$! | 3are equal to the square
of the fieldstrengths. Therefoy@ ,, ! !, "!! ,, ! I |, #Since we donOt know the
detail of motion of a cosmological GW source, e.g., direction of motion; thus, we cannot
distinguish! |, from ! ,, . H"CO&®,-D? 3,". 3,&30"D?3-A3 , 3"13 ! |1 "#&3.,&3
?"1&3A->/1

3
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4.3.2. Propagationof !I"
By analogy to!! ,, it is obvious that! ! _ is transverse wayehas the same

polarity propertyand has the same propagation propedsethat of! ! , . We candirectly

write theproperties opropagatiorof ! ! | (Table 3).
Table3: Properties oPropagationoft ! , and!! ,

"y "o
gl PErgl
}\go+=(!!"!!—W Py ! ”!"!!—W
P DM DD D P DM 100D el
(BN-%%0&>3&AA&2
11
N 1 g P 100 —Lmgn
Ppoy ! - Ppoy ! —
oy
()
!!! ] !!"!!!!!!!!!!!”!!!!!!! !!! ] B!"!!!!!!”!!!”!”!!!!
0OC?->%.$-'3-A3PJ
!! ] !!!!!!!!!!!!!!!!!!3 !! ] !!!!!!!!!!!!!!!!”
"#1, L "1, U
Q&A>"2.$3A3PJ]3 T T L T,
(B‘I,'/o'l32>'773 11 | ! 11 G !
!|" 1 ! l_(l_'> I !3 || | I |_(|_'> I !
?&2.$-'B-3 N s o
(BH,-/?-'32>-773 Lt , Lt ,
[ ey
(BH,-/?-'32>-273
5 Ey rt et Pyttt
7823853 !(!_!> (!5!!5)!!!!{!!!3 !(!_!> (!5!!5)!!!!5!!!3
| Prrmgl ] Pl

In the gDopplereffectof!'! , and!! ,, !, is Hubble constant! . , is theredshift

of 'l , and!! , respectively.
Table 3 showsthe propagation of ! , and!! , andimplies that by investigating

the propagation properties, one cannot distinguish betweéen and! ! .

4 3.3. Radiation of I"

Based ormable2 and follow the calculation fot" | , the radiatios of3!" , can be



directly obtainedasshown in Tale 4.

Table4: Radiatiorsof !" ,!1™3 I" |3

Radiation of I" Radiation of I" ,

| |
Intensity Lt —h Lt —nth

g-Larmor Radiation ! u!!, ter ! u!!, e

RN IRNTRENT Cm S IRIRIRRNE

L
r ot : r ot

g-Lienard Radiation !

Nonrelativisticg-Dipole I I

. . 1 - .
by ! ”_!” g+l ! by ! ”—!” ol

Radiation: ! !

g-Dipole Radiationa pair .
ITETER _'I
of positive and negative
ETIR D XL TR R NE T Y
g-charge

Relativisticg-Dipole Moyl oyl

diation Iy ! W[l'l IR T W[l'l [trr]

Nontrelativistic
oy ! oy !
Quadrupole Radiation oy ! #!! Pt Ly g ! T|

(Binary)

Relativistic Quadrup0|e " ! [|' 11 ||']' " ! [|' AN ||']|
b ! b !

ety S T TN

Radiation(Binary)

!u!!!! !n!!!!
g-Bremsstrahlung ! THIEEED ! T

g-synchrotron Radiation Lro— Lo T

g-Tully-Fisher law [

Where Iy 1 1Ty 1 LT [T, (!!!! RN !!)!!! has been adoptedFor

pointg-chargewe have! . ; | I /11, , 1 141 31 (!! I !!).



4.3.4. Particle Nature of ! !

By analogy to tie derivation ofwaveparticle duality of! ! , [17], letOslerive the

waveparticle duality of!! , . Denoting quanta of!! , and!! , as (I"#$%&!

"#$#Y%, and("#$%&" "#$#% | , respectivelyTable5 compares particleatures.
Table5: Comparisorof particle naturgof3!' ! , 1™ 3!l | 3
. 'y
R P A Lyl 1
Energyof ! !
Gravitophoton | !y ! Z”!![u [!!u!u ! :—] Pp ooy ! ZZ”!!;!! [!!!!!!! ! :_]
Momentumof L 1,
Gravito-photon T| | !_! |

(E&&H"/C&>.3

o g ()1 gy 11 Lo g (1)1 gy 10
T'D
Absorption of
I'# I !!!!!!!"!!_!! !!"# I ![!!!!!"!!!!!
Gravito-photon
! !
g-Compton P! T Ly ! —
scatteringoy P Dby oL IED 1L R I T R R L I
particle L1 2

|
=l
I —l Py 1 —
" !

Where !, isg-Planck constant!,, ""# !, /v, ,/, ., arewavelengthandfrequency
of ', and!! , respectively!! , and!! ,
|

arerespectivelyradiated by! ,,
'}, inthe same wayVe cannot distinguish ! |

and!!

and
by their particle natures

4.4. Gravitodynamics has gC Symmetrie
As shown in section 4.1 and 4.2, there is thesg@metry for both field equations
and equations of motigme.,GravitodynamicshasthegC symmetry. Eq. (2-86) haghe

form exactly same as that of Electrodynamas] imply that two longange interactions
in naturearemoresymmetrythanonethough before

4.5. Accelerated Expansion of Universe
For the norrelativisticcase! ! ! and!! !, ! 1 we have shown that E(B2

and 36) explain the accelerated expansion of the universe withotfieesse [6].

F8



5. Generalized EinsteinOs Theomyf Negative gCharge

5.1. GeneralizedEinsteinOs Equation

EinsteinOs equation
RN RN Y S (37)

describespacetime! ", curved bysources ! " , of only positive gmass
Introducing the concept @-charge for a system containing positigecharge only,

EinsteinOs equatidiq. (37) can be rewritten as,

TR !“',—!“F!! . (38)

According tothe traditional interpretatiqiiq. 38) impliesthat spacetim@ ) is
curved by3 ,, ;&sshown inFig. 4.

e

Fig. 4. $acetimg(! ) curved by positivg-charge! |,

Writing EinsteinOs equation in this foriqg. @8), gives us an indication how to
generalize EinsteinOs theory to descsitecetime curved bgegativeg-charge For this
aim, based on hypothesis &g generalizeEingeinOsheory to contairmdditionalequatiors
having the same form as that of E&8)(to describe spacetime curvedherby negative
g-chargealone orby a combination of positive and negatiyehargs.

For sourcés) carryingnegativeg-charge ! !!'!' , We proposeEinsteinlike equation

TR !!"I—}!F!! . (39)

LetOs interpret geometrically Einstbke equations. Followinghe interpretatiorof Eq.
(38), Eq. () canbeinterpreedasthat spacetim@ ) is curved bg! |, 3(Fig. 5).

e

Fig. 5: $acetimg(! ) curved by negativg-charge! ,,

From geometric point of view, spacetimes curved respectively by ditheror ! |,
are the samelt is obvious that hie EinsteinOs equations, E@8)( and Einsteinlike
equation, Eq(39), havegC conjugationsymmetry.Note objects having positive mass,
!!!"! , carry either! !!'!' or !!!'!' .

We postulate that for awo compound system as source, by analogy to
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electrodynamics, itsgravitational field shoud be determinedby net g-charge. In

geometric termeven there are positive and negatiMeharge, spacetimes still described
by one metric. Next letOs considertao compoundsystem containindirst and second
kinds of object(s). The former hassitive energymomentum! !!.:' and carrying positive
g-charge!f’!’ ; the latter haspositive energynomentum!!!.:' and carrying negative

g-charge! !!'!' . To describe this two compound systeme,proposeEinsteinlike equation

g R S B T (40)

"

Where !/, ! L) 00 0 T o ryT s 1) and !, arerelated
to masgs m1l and m2, respectively
There ardghreesituations

(1) !,, ! 1)), spacetimel ., isthe same a$, , thus Eq(40) can be written as

I T T R (41)
(2) !/, ! 1), spacetimel !!'.'.# isthe samas ! | , thus Eqg. 40) can be written as
T R T R (42)

(3) !!!'!' ! !!!'!' ,spacetimé iflat Minkowski spacetime.
Eq. @1) and @2) can be combined as

T A [ A (43)
Spacetimé:urved by! !!'!'!..,; is either same as spacetime (+) or same as spadétimeq.
(40-43) hassimilar form asthat of btmetric theorie$11] as shown ifTable®6.

Table6: Comparison betweeBeneralized EinsteinOs anenBitric Theorie3

Source Generalized EinsteinOs Theq Bi-metric Theory
e A A N VI P
R-/%-L'13FI 31" 1 13 A ' o
Compound 2:!" I | I . .
RN IR L TN AP

R-/%-L"13FI 33 o
. D 10 1
tYor o and 113 T

Compound 2: "o

lwy P and!™ 11

But the main conceptual differencevidhether there is only one metric orrbetric caused

by a two compound system containibgth positive and negativg-chargs. Another



difference is that,n bi-metric theory, negative gravitational mass is equivalent to negative

inertial massithus, bimetric theories havihe WEP issuand theRunawayissue

5.2.GeneralizedLinearized EinsteinO&quation
Linearized EinsteinOs equation has been written in the form same as that of MaxwellOs
equation18],

"4 ! "4 !
'y L 'y, L

TN T and R e (44)

g
where I, 1 111y, 1 1117, is the tensor gravitational field !}, is potential
generated by positive-gharge ! !!"! is positive energy momentuf a sourceEq. @4)
is only for positive! !!"! :

Following the same procedure of last sectlmsed on hypothesis [tOs generalize it

to describe negativg-charge, as the following,

N T N T
e !'!—W!!f!, and !l et (45)
ll!"# " lI!"# Illu# II!"#
by ! \/'— ! e e e
ST =, and e e (46)

Where !, 1 tteyr et r 1] is potential generated by

either positive or negative -gharge !!!'!' VR !!"! yo b D! I/, . For the
component!,/, ! | ¥T1 , Eq (44-46) reduce to Eq(31, 32) of Gravitodynamics.

5.3. GeneralizedGeodesic Equation
Now, letOs study the motion of test bodies in bp#itetimé! ) of Fig.4 and
spacetimé! ) of Fig.5, respectivelyPuttest Body 1 (TBlgarrying! ,, in spacetime

(! ). The gravitational force acting anis attractive andcan be illustrated as Fi.

g H&?.3 C-1@
— A3, 3

Fig.6: TB1of ! ;;, moving inspacetimg! )

PutTest Body 2 (TB2garrying ! |, in spacetimg! ). The gravitational force acting

onTB2 s attractivejt can be illustrated as Fig@.



¢ H&?.3 C-l@
- -A3,,3

Fig.7: TB2of ! ;;, moving inspacetimg! )

At first glance, s far, everything seems the same original EinsteinOs theory
However as we have shown tlgatharge having opposite polaritieepel each other
Thereforenegative gcharge violates the concept that metric is determined only by the
source, i.e., negativecharge leads to @letric Paradof To resolve this paradox,ew
argue thamotion of test bodwr, in geometric termsnetricshould not be determined by
source alone, but by combination of source and test.body

3 3kheoriginal geodesic equatiodescribinghe motion of a test bodis

P! oot

TS (47)

3 Note Eq. 47) is a pure geometric formula, i.e., incarved spacetimehemotiors of
objects, regardless of the nature of tlgeaghargeand of whether they are naoalativistic
or relativistic are exactly the samé&eometrically, thisholds only if UFF is valid
However dter introducing negativeg-charge we have shown that theis repulsive
gravitation [15], thus negative gcharge violates UERPhysically, Eq. @7) needs to be
generalizedo describarelativistictest bodycarryingnegativeg-charge

For this aimthe pure geometric equatioeeds to be generalizeditezludeg-charge
LetOdntroducethe physical terms! ,, and! ., into the geodesic equatiQrEq. @7).

We obtainthe equation of motion

!!!i!!;'!!!! !\%!!!" "'_""_'| ¥ (48)

where! .« and !, are the relativistic mass amgchargeof the test bdy, respectively;

'y may be either positive or negativiote the relativistic masd, ! !'! and rest
mass! is positive. !!5. may be generated by either positiveclgarge,or negative
g-charge or net g-chargs of a source, denoted as_!.! or !!!..! or !!!.. g

correspondingly.We call Eq. @8) the generalizedequation of motion ofgeneralized
EinsteinOs thearyNow the motion of a test body depends not onbn the curved
spacetime ! !5. , but alsoon thepolarity ofits g-charge

Therefore thegeneralized equatisrof motion, Eqg. @8), can be rewritten explicitly

asthe followingfor different situations
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(1) A test bodycarrying ! |, in field !!!.. s

”|!|||u| - | ||!. ,.i e, (49)
Pt . =1

i.e., the gravitational forqe!%! Il !,is attractiveThe/-.$-'  3A3.,&3.&?.3C-i@n be

interpretedasin Fig. 6.For anonrelativistic test body, Eq40) reduces to Eq47).
(2) A test bodycarrying ! |, in field !!f. )

Pyl b I
L=t I

A N 1133 (50)
e L P

NN . .
thus,the gravitational force!#!!!ﬁ. , !, is repulsive

(3) A test bodycarrying ! |, in field !!f. )

Pt
T (51)
AT R T L L

LN . .
i.e.,the gravitational force! —=!!! !5. , !, isrepulsive3

(4) A test bodycarrying ! |, in field !!f. )

thiy e et
EEALLLIDY NN TR L
s VU e i (52)
1t 1 bt ’
MUt =1

NN . . . A
I.e., the gravitationaforce, !—=!!! !!.. . !, is attractiveasillustrated inFig. 7.3

The equations of motion for a test body moving in a net gravitational figld, are:
(1) for a test bodgarrying! |, ,

| !!!!IX!!! !Lm'{, " |LL| [
R mmi3 3 3 3 3 3 3 (53)
Pt L

(2) for a test bodgarrying! |, ,



"""| |'_|||I " JEAREY
T T (54)
" !!!!*! !!|{' o | %%I :

For a nonrelativistic test body moving im weak gravitational field, Eq49-54)

reducegespectivelyto the generalized NewtonExs (10-15).

5.4. Generalized LinearizedGeodesic Equation
For aweakgravitational fieldand only considethe component of !!" , Eq (49-54)

reduce to,

T [t N '!!!!!!—IIJ_" LI, (55)

" |

L Dy e T (66)

B iy Uy P T L UL L (5T)

Eqg. (55-57) have the fornsame as that diq. (34-36) of Gravitodynamics, except a

factor of 4, which can be used to distinguish EinsteinOs theory from Gravitodyhgmics

1
detecting gravitomagnetic forces-! ! !',.

5.5Generalized EinsteinOs Theory hagC Symmetry

Eq. (38-40, 48-54) form a complete set generalized EinsteinOs theandshow that
the generalized Einstelike equationsand the generalizegkodesic equatiahave the gC
symmetry Now letOs apptyne ¢C conjugation There aralifferentpossibilities

(2) if traditionalantimatteris antreGmatter thenit carries positiveg-charge

(2) if traditional antimatter isrti-eG-gC-matter then itcarries negative-charge and
negative gcharge This is the antimatter in VillataOs model.

(3) if antimatter is amgC-matter, then itcarries thesame echarge as its
corresponding matter, but carrgghargeoppositeto its correspondingnatter.

The polarity of gcharge of antimatter is unknown and needs to be determined
empirically. For directly detecting negativg-charge the behaviors ofntimatterin a

gravitational field draw attentions [8].



5.6. Acceleraing Expansion of Universe
Now letOs apply the generalized Einstein equation to explain the accelerated expansion
of Universe.Assumethatthere are negativg-chargeandpositive g-charge in Universe
the former forms negative sdniverse, and the latter forms positive duibiverse EQ.
(40) gives
I T BN/ N T I (58)
Applying tHe FRW metric,

!!!!!!!!!!!!!![L! !!!!!!!!"!!!!!!], (59)

where a(t) is the scale factor; K is a constant. SubstitutingS8ginto Eq. £8) and £3),

we obtain

:4! !!"I—“F[(!” Ly )by ey, (60)

and Hubble parameter,

1 (ié)!!!!"!—*!r[!!!! ] (61)

In the casef " |, ! I, and! ,, ! !,,,then we obtain,

R R (62

Eq. .(62) imblies thatfor !y, ! !, , the positiveg-charge carried by regular objects will
be repelledaway. With negativeg-charge the generalized EinsteinOs theory can explain
the accelerated expansion of the universe witttinheed of botnegative pressureO and

the cosmologicatonstant thahhas issue of fingéurn.

5.7. Gravitational Wave (" , ) Radiated by Negativeg-charge
EinsteinOs equat®Eq. (37, 38), havepredicted and described! , emitted by
positiveg-charge. Einsteirdlike equation Eq.39) has the same form as that of B38)(
Thesimilarresultsabout! ! |, can beobtained straightforwar(lable7). Table7 shows

thatit is impossible to distinguish! , from I'! .



(Binary System)

H'CO&B3!" ! "3
"o "o
Source ! !!'!’ Il ! !!'!' !
" ! " " | "
Field Equation Lo !'E!!; I VI RN TE R VA Ty
Wave Equation R :Iﬁu R Ly %H Ll
RetardedPotential o LR LNy o HEH P
1! P!
'.,..l!!f<!!!!!—>l'l ',.,,l!!f<!!!!!'—>l!!
g-Quadrupolenoment | ! o
I_i" I |!I; | |Il n !L:" ! ||| | |Il I !_E" ! | |I| ] !. !llll n r;” ! | |!I|' ] "“!|II' n
g-Quadrupole I } | §
Lo b =y T ) Ly b=y Ty 0
Radiation S e ree
g-Quadrupole
Radiation ' ! '

6. Multiverse

Taking into account positive/negatigecharge, we break Multiverse into

subMultiverses The generalized NewtonOs theory, Gravitodynamics, and generalized

EinsteinOs theory predict the following single compoundvativerses and two

compound suMultiverses.

(A) Thesingle compoundsub-Multiverses all objects havdike g-charges. There aréwo

sub-Multiversesas following:

subMultiversesAl: all objects have positivg-charge. This model can be described

by NewtonOs theprEinsteinOs theory, a@atavitodynamics

subMultiversesA2: all objects have negativecharge. This modelis predictedoy

generalizedNewtonOs thear@ravitodynamicsandgeneralizeEinsteinOtheory,

All objectsin eithersubMultiversesAl or subMultiversesA2 will attract each other and

eventuallycollapse

(B) Two Compoundsub-MultiversesB: this subMultiverseB containscoexisting

46




subMultiversesB1 and B2 All objectsin B1 carry positiveg-charge; objectsin B2 carry

negativeg-charges. The objectgarrying same polaritieschargesattractandmove
towardto eachother; the objectsarrying opposite polaritieschargesepel andnove
awayfrom each other.

One ofsubMultiversesB1 andB2 collapse the otherexpandswhichis determined
by the ratio ofdensitiesf positive to negativg-charges.

When thedensity ofnegativeg-chargeof B2 is larger tharthat ofpositiveg-charge
densityof B1, B1 is in accelerated expansion, and B2 iadoelerated collapse.

It is possible, although ndiemonstrated directly yethat subMultiversesAl, A2,

and Bcoexist somewhere iMultiverse.

7. Unified Electrodynamics andGravitodynamics hasgC-eC Symmetry

Electrodynamic$as field equations

—l =1, and L= ' Y (63)

andhas e-chargeconjugation(eC) symmetry Since Maxwell field equations are
independent of-charge thuseC symmetrycan be extended &C-gC symmetry

Gravitodynamicdas field equations,

ey, and —— === 1, (64)

which havegC symmetryandcan be extended ®C-gC symmetry
The field equatiosof ElectrodynamicendGravitodynamicsan be expressed in one

formula[12],

L..I'_u,' and Loty (e

where, !, 1t 1 prtrbr et T v trbr oty o ny and

! !!f . The LagrangiamlensityL r of unified Electrodynamic&ndGravitodynamics
includes two part$Gravitodynamicd.agrangian, k, andElectrodynamicséagrangian, &,
"

SRR (66)

The field equations of unifieBlectrodynamiceindGravitodynamicsEg. (65, 66), have

eC-gC symmetry.

Theequation of motiorfior a test bodygan be generalized as



o L (67)

The Lagrangian for the test body is

Prorat oo By (68)

Y o T=Y =Y A T A R A A P A TR A A N I A R O A A A L L
Fyp, 1D 11D is the internal indexThe unified
equdion of motion describea test body carryingositive/negative-chargeandpositive
/negativeg-charge and moving irexternalelectromagnetic and gravitational fisl&q.
(67 and68) haveeC symmetry, gC symmetry ar@-gC symmetry, whereC-gC

symmetry isunder simultaneous transformations6fconjugation andC conjugation.

8. Conclusionsand Discussion
The purpose of this article is to identify laws of gravity if negagwehargeexists

Based onGravitodynamics it has beerpointed out that the accelerated expansion of

universe may be an evidence of the &xise of negative-gharge[6]. In this articlea

significant conclusion is reacheatlat all of theories including scalar NewtonOs theory,
vector Gravitodynamics and ten<EinsteinOs theory can expltia accelerated expansion
of Universe equally well without needs of Onegative pressueefd Ocosmological
constantO, as long asgative gchargeis introduced. This implies thétese explanatios

of this cosmologicalpheromenon arenot theory dependent, which strongly supports the

existence of negative-gharge.

We:

(1) distinguishconceptuallygravitational mass from inertial mass, and define gravitational
mass asg-charge inertial mass as masthese definitions allow thexistence of
negative gchargecarried by positive mass objects

(2) postulate the correlations betweerass andpositive/negativeg-charge generalize
WEP torepresent these correlatioasmd propose hypothesis to gutte establishment
of laws ofgravitationof negative gcharge

(3) redefine antimi#er based not onlgn e-chargeconjugation but alson g-charge
conjugation whichis expected tprovides aasefor studying the gravitational
interactionbetween matter and antimatter

Based on above preparation works, thvee:
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() resolve the WEP issue and CPT issskow that there is no Runaway issue for
negative gcharge;

(2) derive thegeneralizd NewtonOtheoryandgeneralizedEinsteinOs thepfor
describingnegativeg-charge boththeories predicgravitation repulsionshow that the
generalized NewtonOs thedByavitodynamics and generalized EinsteinOs theony
gC conjugationsymmetry;

(3) predict " |, generated by negativedharges, and show that the detection GW on
Earth cannot distinguish’ , from !" ;

(4) proposdifferent subMultiverses based on positive/negatigecharge

(5) show thathe Unified ElectrodynamicgndGravitodynamicsaseGgC symmetry.

The negative mass is out of scope of this article.

Appendix: Explanations of Accelerated Expansion of Universe

To explicitly show that the explanation of the accelerated expansion of Universe is

theoryindependent, letOs compare the laws in different th¢debke 8).

Table 8:
Equation of Motion Hubde Parameter
EinsteinOs theo(®riginal) r "1 "1 |
L, ") Phr—r, 1
(Dark energy, negative pressyr{ ! ' oo b
EinsteinOs theoty'#$%$&} I "o I " o
e (TR D L Phr—r -
(Cosmological constant) ! ! o ! oo el
EinsteinOtheory(Generalize}l r "l "l |
—b——ry ] et ] S
(Negative gCharge) ! ! ! !
Newton@heory(Generalized) r T T
R I Qe | I Pt [ B
(Negative gCharge) ! ! [ ] ! [ |
Gravitodynamics . " "
!—!!i[!..!!..] !!!!i[!.,!!..]
(Negative gCharge) ! ! - - ! - -
Where !,, ! 1'y11,, and!,, ! !'. Table 8 shows that all of theories explain

mathematicallythis cosmtngical phenomenon equally well, but with quit different
physics interpretations Negative gcharge is a universal mechanism in explaining this
cosmological phenomenonOnce one identifiesOnegative pressureO and/or the
Ocosmological constantfdh negative echarge, !, , then allexplanationsre the same.



Appendix B: Geometric lllustration of Repulsive Gravitation

LetOs put test bodyf ! |, in negativespacetime (). The gravitational force acting

onit is repulsive, which can be illustratgeometricallyas inFig. 8.

Fig. 8:HEF3-A3, 3/-#$'(3%$'3 ?%"2&.$£ ( )
U$/$0">0@tOs pud test bodyf ! |, in positivespacetime!(): the graviational

force acting on it is repulsive, which can be illustdageometrically as in Fig..3

H&?.3C-1@®

Fig. 9:HE43-A3,, 3/-#%$'(3% n spacetime!()3

We can geometrically illustrate attractive force by Fig. 6/7 and repulsive force 8/%ig.
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