
DRAFT: Dedu
ing a Uni�ed Field Theory from Ele
tromagnetismDouglas B Sweetser∗39 Drummer Road, A
ton, MA 01720Abstra
tLogi
 will di
tate the equations for gravity based on those for ele
tromagnetism. The 
lassi
ala
tion of ele
tromagnetism is broadened to in
lude a symmetri
 tensor and a 
harge where like
harges attra
t. Sin
e the a
tion breaks U(1) symmetry for massive parti
les, the Higgs me
hanismis unne
essary. The 4D wave equation 
ontains the 
lassi
al stati
 laws of Gauss and Newton's lawof gravity within the 
ontext of a tensor equation 
onsistent with spe
ial relativity. It is shown howthe Rosen metri
 is a solution to the �eld equations, and thus is passes weak �eld tests of gravityto �rst-order Parameterized Post-Newtonian (PPN) a

ura
y, and is distinguishable from generalrelativity at se
ond-order PPN a

ura
y. Spin 1 and spin 2 �elds are required to have like ele
tri

harges repel and like mass 
harges attra
t. The linear �eld equations should be quantizable usingstandard te
hniques.
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I. INTRODUCTIONClassi
al ele
tromagneti
 theory has been remarkably robust to modern innovations. Itwas the inspiration for spe
ial relativity and did not need alteration. As quantum me
hani
sevolved, the �eld equations remained the same. One te
hni
al 
hange was in the a
tion, agauge had to be 
hosen. The advent of general relativity did not alter ele
tromagnetism.Instead, general relativity provided the ba
kground metri
 needed by ele
tromagnetism.The U(1) symmetry of ele
tromagnetism served as the starting point for the formation ofthe standard model, whi
h uni�es ele
tromagnetism, the weak, and the strong for
es. Aproblem with this pi
ture is the separation of gravity from the for
es of the standard model.In this paper, I use ele
tromagneti
 theory to dedu
e the laws that govern gravity.II. THE ACTIONThe 
lassi
al a
tion for ele
tromagnetism has three terms, a 
ontra
tion of the irredu
ibleantisymmetri
 �eld strength tensor and a 
oupling of ele
tri
 
harge with the potential, andan inertia term. To be logi
ally 
omplete, Nature must also exploit a 
ontra
tion of anirredu
ible symmetri
 �eld strength tensor. The symmetri
 �eld will be asso
iated with adi�erent 
harge 
urrent that 
ouples with the potential be
ause the tensor is irredu
ible andthus an independent fundamental for
e. This new for
e must be long range like ele
tromag-netism. The only su
h for
e is gravity.Like 
harges repel in the ele
tromagneti
 a
tion for several reasons. First, the signs of the
harge 
oupling and the �eld strength tensor 
ontra
tion are the same. The �eld equationsthat arise from varying the a
tion with respe
t to the potential keeping the velo
ity �xedwill have like 
harges repel.[6℄ Se
ond, the signs of the 
harge 
oupling term and the inertiaterm are the same. Varying the a
tion with respe
t to velo
ity keeping the potential �xedgenerates the Lorentz for
e where like 
harges repel. Third, the �eld strength tensor isantisymmetri
, so it must be represented by an odd spin parti
le, the spin 1 photon. Forgravity, like 
harges attra
t. The 
oupling term must have the sign opposite to the �eldstrength 
ontra
tion and inertia terms so both the �eld and for
e equations will have like
harges attra
t. A tra
eless symmetri
 rank 2 tensor 
an be represented by a spin 2 parti
lethat travels at the speed of light like the photon, so the parti
le mat
hes the des
ription of2



a graviton. Based on these dedu
tions, the a
tion for gravity and ele
tromagnetism (GEM)
an be written:
SGEM =

∫ √
−gd4x(−ρm

γ
− 1

c
Jµ(Aµ + I||AµI||) +

1

c
Jµ(Itr(Aµ − I||Aµi||)Itr)

∗ (1)
− 1

4c2
(∇µAν −∇νAµ)(∇µAν −∇νAµ) − 1

4c2
(∇µAν + ∇νAµ)(∇µAν + ∇νAµ)).The 
urrent 
oupling term appears more 
omplex than one might anti
ipate. The reasonis that this 
urrent 
oupling must represent both a spin 1 and a spin 2 
urrent-
urrentintera
tion. One is free to 
hoose the orientation of the theoreti
al 4-potential with thea
tual 4-
urrent, derived from the 4-potential via a Fourier transformation. Where there isfreedom, there is a physi
s message. In this 
ase, we have freedom with the phase for the
urrent-
urrent intera
tion. The part of the potential that is tranverse to the 
urrent 
anbe separated from that whi
h is parallel. The phase of the 
urrent-
urrent intera
tion forthe transverse potential-
urrent has the symmetry of a spin 1 �eld, as is needed to have like
harges repel. Rotating the longitudinal 
urrent around the parallel axis a

omplishes twothings. First, the sign of the 
oupling term must 
hange to 
onserver the 
orre
t signs ofthe 
ontra
tion of the 
urrent density with the potential. Se
ond, the phase of the 
urrent-
urrent intera
tion for the rotated longitudinal potential-
urrent has the symmetry of a spin2 �eld. A even spin �eld is required for like 
harges to attra
t.The 
urrent density is made of di�eren
e between the ele
tri
 
urrent density and themass 
urrent density, using the square root of Newton's gravitational 
onstant with the mass
urrent density so the units are identi
al. Ele
tri
 
harge is only known to ten signi�
antdigits, while for fundamental parti
les, the mass in ele
tri
al units 
an be more than thirteenorders of magnitude smaller. At this time, I have no notion why there is this large di�eren
e,but it justi�es the pra
ti
e of working on problems in ele
tromagnetism separately fromgravity.The deep insight into gravity provided by general relativity is that the geometry of spa
e-time is not presumed. In spe
ial relativity, the metri
 must be 
onstant, the same for allinertial observers. In general relativity, the metri
 
an vary depending on where the observeris in spa
etime: 
loser to a mass sour
e will have more spa
etime 
urvature. The Riemann
urvature tensor is a rank 4 tensor that 
ontains se
ond order derivatives of the metri
.3



The Hilbert a
tion has the Ri

i s
alar, a 
ontra
tion of the Riemann 
urvature tensor. Byvarying the Hilbert a
tion with respe
t to the metri
 tensor, the geometry of spa
etime 
an
hange as di
tated by the Einstein �eld equations.Ele
tromagnetism works no matter what the metri
 happens to be. The antisymetri
tensor 
annot 
hara
terize how the symmetri
 metri
 tensor 
hanges, so the possibly dynami
metri
 must be supplied as part of the ba
kground mathemati
al stru
ture. By in
ludinga symmetri
 �eld strength tensor in the GEM a
tion, it be
omes possible for the a
tion toa

ount for the 
hanges in metri
 tensor, and thus remove the metri
 from the ba
kgroundstru
ture. The idea is not to treat the metri
 as an a
tive �eld, but instead to use a symmetryof the a
tion to provide a 
onstraint on a metri
 that varies in spa
etime.The way gravity in the GEM a
tion works mathemati
ally is di�erent from general rela-tivity. The Hilbert a
tion requires only one �eld, the metri
 �eld, to be varied in the a
tionto generate the Einstein �eld equations. The GEM a
tion does not treat the metri
 as a�eld. Instead there is a di�eomorphism symmetry of the a
tion that allows one to 
hose howmu
h of a 
ovariant derivative is due to a dynami
 potential or a dynami
 metri
. Wherethere is a symmetry, there is a 
onserved 
harge. Sin
e the symmetry involves the metri
,the 
harge must be mass. Energy and momentum also arise from a symmetry of the a
tion.Sin
e mass is the square of the energy minus the square of the momentum, it is logi
ally
onsistent that energy, momentum, and mass all 
an be viewed as di�erent symmetries ofthe same a
tion.The a
tion has U(1) symmetry for massless parti
les. Mass 
harge breaks U(1) symmetry.This is an attra
tive feature be
ause it means the Higgs me
hanism for introdu
ing massinto the standard model is unne
essary. The GEM proposal predi
ts the Higgs boson willnot be found in parti
le �eld experiments su
h as the Large Hadron Collider. The tra
e ofthe symmetri
 �eld strength tensor is a s
alar �eld whi
h plays the role of the Higgs.III. FIELD EQUATIONS AND SOLUTIONSThe �eld equations 
an be determined in the usual way by �xing the metri
 tensor up toa di�eomorphism and then varying the a
tion with respe
t to the potential:
J

µ
tr − J

µ
|| = ∇ν∇νAµ. (2)4



This 4D wave equation has the ability to des
ribe 4 modes of emission of parti
les thattravel at the speed of light. The two transverse modes are ele
tromagnetism. That leavesthe s
alar and longitudinal modes for the graviton.It is 
riti
al to note in eq. 2 the s
alar D'Alembertian operator is not a
ting alone onthe potential. Instead, two 
ovariant derivatives are applied to the potential. A 
ovariantderivative 
ontains both the normal derivative and the 
onne
tion. The 
omplete waveequation is 
omposed of the D'Alembertian operator a
ting on the potential, the divergen
eof the 
onne
tion, the 
onne
tion of the �rst derivative of the potential, and the 
onne
tionof the 
onne
tion. Spa
etime is nearly �at if one ex
ludes regions near bla
k holes, sothe 
onne
tion of the 
onne
tion term 
an be ignored. The divergen
e of the 
onne
tion
ontains se
ond derivatives of the metri
, so in prin
iple 
ould provide an equation thatmust be solved to determine a smoothly 
hanging metri
.Be
ause eq. 2 is valid up to a di�eomorphism of the metri
, the equation 
annot be solveduntil that degree of freedom is eliminated. In this paper, I will work with metri
 
ompatible,torsion-free 
onne
tions as is done in general relativity. If one 
hooses to work with a �atMinkowski metri
 in Eu
lidean spa
etime, the 
onne
tion will be zero everywhere. For astati
 point 
harge, the �rst �eld equation is a sum of the stati
 form of Gauss' law of ele
tri

harge and Newton's law of gravity:
ρtr − ρ|| = −c∇2φ (3)The repulsive for
e of like ele
tri
 
harges is de
reased by mass attra
tion. This �eldequation 
an a

ount for all 
lassi
al e�e
ts of Gauss' and Newton's law be
ause it is identi
alto their superposition. There are two arti
les in the literature that assert without proof thatone 
annot form ve
tor �eld equations where like 
harges attra
t.[5℄[9℄ Perhaps there wasan aversion to putting a negative sign in front of the mass. What matters are the relativesigns, that the mass 
harge density has the same sign as the Lapla
ian operator in eq. 3.A �aw of Newton's law of gravity is that it requires 
hanges in the 
harge density topropagate instantaneously, whi
h is not 
onsistent with spe
ial relativity. One road toEinstein's �eld equations is to make Newton's law respe
t spe
ial relativity.[11℄ Here is thedynami
 form of the equation (I will refer to it as �General Gauss's law� out of respe
t forboth the Swiss master and Chinese food): 5



ρtr − ρ|| =
1

c

∂2φ

∂t2
− c∇2φ (4)The waves for gravity and light both propagate at the speed of light. This equationtransforms as the �rst term of a 4-ve
tor equation and so is manifestly 
ovariant under aLorentz transformation.The gauge 
hoi
e - how one measures things - for the GEM a
tion 
on
erns how tomeasure a 
ovariant derivative: how mu
h should be due to the standard derivative versushow mu
h is due to the 
onne
tion, the 
hanges in the metri
? In the pre
eding paragraphs,a 
hoi
e was made that everything was due to the standard derivative of the potential.This time I 
hoose to allow all of the 
hange be due to the 
onne
tion, nothing due to thestandard derivative of the potential. The �rst �eld equation under this gauge 
hoi
e for astati
 
harge is:

ρtr − ρ|| = −∂µΓ 0µ
ν Aν . (5)A metri
 must be found whose 
onne
tion solves this �rst-order partial di�erential equation.This might appear like a di�
ult task sin
e the 
onne
tion has three derivatives of themetri
. Yet one of the derivatives is zero be
ause the 
harges are stati
. If the metri
 werediagonal, another of the derivatives would be zero. The metri
 must redu
e to the Minkowskimetri
 as the 
harges go to zero. The exponential metri
 below provides a solution withthese properties to eq. 5:

gµν =





















exp(2(
√

Gq−GM

c2R
)) 0 0 0

0 −exp(−2(
√

Gq−GM

c2R
)) 0 0

0 0 −R2 0

0 0 0 −R2sin2θ





















. (6)For an ele
tri
ally neutral sour
e, the metri
 be
omes the Rosen metri
.[8℄ That metri
 isnot a solution to the Einstein �eld equations, but has been studied in the literature be
ause itis 
onsistent with experimental tests of gravity to �rst order parameterized post-Newtonian(PPN) a

ura
y. At se
ond order PPN a

ura
y, eq. 6 predi
ts 0.7µmi
roar
se
onds morebending of star light by the Sun.[2℄ An experiment su
h as LATOR, 
ould 
on�rm or reje
tthis proposal on purely experimental grounds.[10℄6



The bimetri
 theory of Rosen is not 
onsistent with strong �eld tests of gravity. The �xedba
kground metri
 
an store momentum, allowing for bipolar modes of emission of gravitywaves whi
h are ruled out by observations of binary pulsars. The GEM a
tion does not havean additional �eld to store momentum. For an isolated sour
e, the lowest mode of emissionthat 
onserves momentum will be the quadrapole mode, 
onsistent with observation.IV. QUANTIZATIONThe 4D wave equation, eq. 2, has already been quantized by Gupta and Bleuler.[4℄[1℄They were quantizing the �eld only to do the work of ele
tromagnetism in a manifestly
ovariant way. The transverse modes of emission do the work of ele
tromagnetism. Thes
alar mode of a spin 1 �eld 
aused a serious te
hni
al problem: it suggested negativeprobability states. To solve this issue, a supplementary 
ondition was imposed to eliminateboth the s
alar and longitudinal modes.There are two independent ways to spot the spin 1 �eld in the 
lassi
al ele
trodynami
Lagrangian. The �rst is by looking at the anti-symmetri
, rank two �eld strength tensor,
▽µAν −▽νAµ. If the indexes are swapped, then all the signs �ip, the sign of an odd spintensor.The se
ond approa
h 
onsiders 
urrent-
urrent intera
tions of the 
harge 
oupling term,
−JµAµ. One 
an take the Fourier transformation of the 4-potential and write it as a 
urrentdensity in the momentum representation, − 1

k2 J
′Jµ. If one 
onstrains the 
urrent to movealong the z axis, 
onservation of ele
tri
 
harge 
an be used to eliminate the 
urrent density.The 
urrent-
urrent intera
tion is thus:

− 1

k2
J ′µ

q Jµ =
1

ω2
j′zjz +

1

ω2 − k2
(j′xjx + j′yjy). (7)The 
urrent along the z axis is real. The 
urrents along x and y are for the two independentpolarizations of virtual photons needed for relativisti
 
orre
tions. What is the symmetryof these virtual photons? Form the produ
t of these two virtual 
urrents (using quaternionalgebra):

(0, j′x, j
′
y, 0)(0, jx, jy, 0)∗ = (j′xjx + j′yjy, 0, 0, j

′
yjx − j′xjy) (8)7



The phase part of this produ
t (the z 
omponent) will require a 2π rotation to return itsoriginal lo
ation, a de�ning 
hara
teristi
 of a spin 1 �eld.The GEM a
tion has the antisymmetri
 �eld strength tensor, and this kind of 
urrent-
urrent intera
tion. On a quantum level, the work of photons 
an be done.The GEM a
tion also has a spin 2 �eld. There is a symmetri
, rank 2 �eld strengthtensor, ▽µAν + ▽νAµ. If the indexes are swapped, then all the signs stay the same, thesign of an even spin tensor. Sin
e the tensor has indexes, it 
annot be a s
alar �eld. A spin0 �eld 
an be formed by taking the tra
e of the symmetri
 �eld strength tensor, a Lorentzinvariant quantity. If the tra
e is zero, then the parti
le 
an travel at the speed of light 
. Ifthe tra
e is not zero, then the s
alar �eld formed will break gauge symmetry. In other words,a s
alar inertial mass �eld breaks gauge symmetry. The Higgs me
hanism is not ne
essary.The analysis of the 
urrent-
urrent density pro
eeds along lines similar to the 
ase forele
tromagnetism. There is a di�eren
e for 
al
ulating the produ
t of two 
urrents. The real
urrent is the one along z, yet the 
urrent along z does not appear in Eq. 8. Although thereader may realize the 
urrents along x and y in Eq. 7 are virtual, it would be preferable toenfor
e that they are zero. Working with pairs of 
urrents with xz and yz, it may be possibleto do both. The 
onjugate used in Eq. 8 is not the only anti-involutive automorphism. Thereis also a 
onjugate that �ip all the signs but the �rst term of the 3-ve
tor (referred hereas the �rst 
onjugate, or symboli
ally as (iqi)∗ ≡∗1). One 
an also 
onstru
t the se
ond
onjugate to keep the sign of the y 
urrent positive while �ipping all others. Form produ
tsusing these operators:
(0, j′x, 0, j

′
z)(0, jx, 0, jz)

∗1 = (j′zjz − j′xjx, 0, j
′
xjz + j′zjx, 0) (9)

(0, 0, j′y, j
′
z)(0, 0, jy, jz)

∗2 = (j′zjz − j′yjy,−j′yjz − j′zjy, 0, 0) (10)These produ
ts have the 
hara
ter of spin 2 be
ause the two parts add together, allowinga return after only a π rotation. If the three produ
t 
urrents are added together, Eq 8,Eq 9, and Eq 10, the result has the real 
urrent along the z axis, and phases for spin 1 andspin 2 polarization modes. The four modes a

ount for the four degrees of freedom in the 4-
urrent. The s
alar and longitudinal modes of emission will do the work of gravity. Generalrelativity predi
ts transverse modes of emission for gravity waves. Should a gravitational8



wave dete
tion experiment su

eed, the polarization of the gravity wave will serve as anexperimental test of this proposal.There is a strong belief that �eld equations for gravity must be nonlinear. To be morepre
ise, this means that gravity �elds gravitate. The same is not true for ele
tromagnetism:the ele
tromagneti
 �eld 
annot be a sour
e of 
harge. There are thought experiments tosupport the notion that gravity must be nonlinear. An example from a review paper ongeneral relativity had two boxes with six neutral parti
les in ea
h. Imagine that the restmass of one parti
le were to be 
onverted entirely into the kineti
 energy of the other �ve.Would the �rst box be able to tell any di�eren
e in energy density and spa
etime 
urvaturebetween the two? If the answer is no, gravity must be governed by a nonlinear �eld equation.Repeat the thought experiment, but this time make all the parti
les positively 
harged.Now the thought experiment 
annot be done be
ause it would involve destroying an ele
tri

harge. There are solid theoreti
al and experimental tests demonstrating that ele
tri
 
harge
annot be destroyed. Be
ause the thought experiment 
annot be done, the 
on
lusion is notsupported.V. A NEW IMPLEMENTATIONThe experimental tests of the equivalen
e prin
iple indi
ate that gravity must be a metri
theory. This paper questions how to implement a metri
 theory. General relativity takes adire
t approa
h: start with the Riemann 
urvature tensor that 
hara
terizes how a metri

hanges, and put its 
ontra
tion the Ri

i s
alar into the a
tion. This paper uses thesymmetry found in the de�nition of a 
ovariant derivative to allow spa
etime geometryto 
hange based on what mass is in that spa
etime. It is the �exibility of the spa
etimegeometry that indi
ates the approa
h 
an be 
hara
terized as a metri
 theory.There is a well-known thought experiment of a man in a 
losed box who would be unableto tell if he was in a smoothly a

elerating ro
ket ship or the box was sitting on the surfa
eof a planet (ignoring tidal e�e
ts). For the box on the planet, general relativity would beable to generate a metri
 equation that in a limit pro
ess, would be
ome a potential theory.For the GEM approa
h, one 
ould 
hoose a dynami
 metri
 whi
h would be equivalent to�rst order PPN a

ura
y to the metri
 from general relativity, or with the pra
ti
al powerof a di�eomorphism, 
hoose to work in a �at spa
etime and have a 4-potential 
ompletely9




hara
terize the gravitational �eld (see �gure 1). A s
alar potential like Newton's law ofgravity is inadequate be
ause there is only one parameter, so it gets the answer to lightbending around the Sun half right. With four parameters, a 4-potential 
an des
ribe theway measurements of both time and spa
e are bent by a 4-momentum 
urrent density.The GEM a
tion is to a surprising degree exa
tly what Einstein sear
hed for over the lasthalf of his life.[7℄ He tried an impressive range of ideas, from �ve dimensional Kaluza-Kleinvariations, to asymmetri
 Riemann 
urvature tensors, all to no avail. The radi
al approa
hused here is to abandon the Riemann 
urvature tensor, and work only with the buildingblo
ks of the 
urvature tensor, the 
onne
tion as found in a 
ovariant derivative. The 4Dwave equation in this paper was 
alled beautiful by Feynman in his le
ture series.[3, VolumeII, 18-11℄ Elegan
e governs the heavens.

[1℄ K. Bleuler. Helv. Phys. A
ta, 23:567, 1950.[2℄ R. Epstein and I. I. Shapiro. Post-post-newtonian de�e
tion of light by the sun. Phys. Rev.D, 22(12):2947�2949, 1980.[3℄ R. P. Feynman, R. B. Leighton, and M. Sands. The Feynman Le
tures on Physi
s. Addison-Wesley, 1964. 10



[4℄ S. N. Gupta. Theory of longitudinal photons in quantum ele
trodynami
s. Pro
. Phys. So
.,63:681�691, 1950.[5℄ S. N. Gupta. Einstein's and other theories of gravitation. Rev. Mod. Phys., 29:337�350, 1957.[6℄ L. D. Landau and E. M. Lifshitz. The Classi
al Theory of Fields. Pergamon Press, 1975.[7℄ A. Pais. 'Subtle is the Lord...': The s
ien
e and the life of Albert Einstein. Clarendon Press,1982.[8℄ N. Rosen. A bi-metri
 theory of gravitation. General Relativity Gravitation, 4(6):435�447,1973.[9℄ W. E. Thirring. An alternative approa
h to the theory of gravitation. Ann. Phys. (U. S. A.),16:96�117, 1961.[10℄ S. G. Turyshev, M. Shao, and K. L. Nordtvedt. S
ien
e, te
hnology and mission design for thelaser astrometri
 test of relativity, 2006.[11℄ S. Weinberg. Derivation of gauge invarian
e and the equivalen
e prin
iple from lorentz invari-an
e of the s-matrix. Phys. Let., (9):357�359, 1964.

11


